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INTRODUCTION 

 
Climate change is one of the most important global environmental challenges, with implications for food production, water supply, 
health, energy, etc. The weather indicators of global change include increased global mean surface temperature; increased continental 
precipitation (Northern hemisphere), increased heavy precipitation events and increased frequency and severity of drought. Agriculture 
is an activity that is highly dependent upon weather and climate in order to produce the food and fibre necessary to sustain human life. 
According to the IPCC, crop productivity is projected to increase slightly at mid- to high latitudes for local mean temperature increase 
of up to 1-3°C depending on the crop, and then decrease beyond that in some regions. However, there has been conflicting reports 
regarding the effects of climate change on agriculture and its complexities have not been completely under-stood. As farmers are 
subjected to an increased frequency of extreme weather events and a changing climate, they will inevitably need to adapt their farming 
practices to these new conditions. In addition, changes in global supply and demand for crops will provide new challenges to farmers 
worldwide. It is thus timely and pertinent to have a workshop to discuss the impact of climate change on agriculture, especially to 
understand the role of earth observation data for studying climate change. 
 
ICCA 2009 (International Workshop on Impact of Climate Change on Agriculture) is jointly organized by the ISPRS WG VIII/6, GEO 
Task AG 07 03 and the Indian Society of Remote Sensing and hosted by Space Applications Centre (ISRO) and Indian Society of 
Remote Sensing – Ahmedabad Chapter. ICCA 2009 aims at providing a forum to research scientists for exchanging ideas related to 
various themes such as climate variability & agriculture, impact assessment, mitigation and adaptation measures and use of EO data as 
input to climate models.  
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SPACE OBSERVATION FOR CLIMATE CHANGE STUDIES 

Ranganath R.  Navalgund+ and Raghavendra P. Singh 

Space Applications Centre (ISRO), Ahmedabad-380015, India, (+director@sac.isro.gov.in) 

KEYWORDS: Remote Sensing, Essential Climate Variables, Land Surface Parameters, Green House Gases, Aerosols, Glacier 
Retreat. 

 
 
ABSTRACT:  
 
Climate change is associated with earth radiation budget that depends upon in-comming solar radiation, surface albedo and radiative 
forcing by green house gases. Human activities are contributing to climate change by causing changes in Earth’s atmosphere (greenhouse 
gases, aerosols) and biosphere (deforestation, urbanization, irrigation). Long term and precise measurements from calibrated global 
observation constellation is a vital component in climate system modelling. Space based records of biosphere, cryosphere, hydrosphere and 
atmosphere over more than three decades are providing important information on climate change.  Space observations are an important 
source of climate variables due to multi scale simultaneous observation (local, regional, global) capability with temporal revisit in tune with 
requirements of land, ocean and atmospheric processes. Essential climatic variables that can be measured from space include atmosphere 
(upper air temperature, water vapour, precipitation, clouds, aerosols & GHGs etc.), ocean (sea ice, sea level, SST, salinity, ocean colour 
etc.) and land (snow, glacier, albedo, biomass, LAI/fAPAR, soil moisture etc.). India’s Earth Observation Programme addresses various 
aspects of land, ocean and atmospheric applications.  The present and planned missions such as Resourcesat-1, Oceansat-2, RISAT, 
Megha-Tropiques, INSAT-3D, SARAL, Resourcesat-2, Geo-HR Imager and I-STAG would help in understanding the issues related to 
climate changes. The paper reviews observational needs, space observation systems and studies that have been carried out at ISRO towards 
mapping/ detecting the indicators of climate change, monitoring the agents of climate change and understanding the impact of climate 
change, in national perspectives. Studies to assess glacier retreat, changes in polar ice cover, timberline change and coral bleaching are 
being carried out towards monitoring of climate change indicators.  Spatial methane inventories from paddy rice, livestock and wetlands 
have been prepared and seasonal pattern of CO2, and CO have been analysed.  Future challenges in space observations include design and 
placement of adequate and accurate multi-platform observational system to monitor all parameters related to various interaction processes 
and generation of long term calibrated climate data records pertaining to land ocean and atmosphere. 
 
 

1. INTRODUCTION 

Increasing human population and industrialization including 
unsustainable consumption pattern particularly by rich 
industrialized nations are a major cause of concern related to 
climate change. The impact of climate change on food security, 
water security, sea level rise leading to submergence of coastal 
areas and increased frequency of extreme events (drought, flood) 
pose serious threat to India. The capacity to detect and track the 
course of climate changes and model the effect of these changes is 
the most important present global environmental challenge. 
Measurements acquired from the space platforms provide vital 
information related to long term changes in atmospheric 
composition, glaciers, sea level rise, hydrology and biospheric 
activities.  

Space based remote sensing data helps in mapping earth resources, 
monitoring their changes and deriving bio-geophysical parameters. 
All this information helps in identifying the indicators and agents 
of climate change. The space-based inputs can also be integrated 
with physical simulation models to predict the impact of climate 
change. It provides information related to three aspects (i) the 
indicators of climate change (ii) assessment of agents of climate 
change, such as greenhouse gases and aerosol, their sources and 
distribution pattern and (iii) modeling the impact of climate change 
in various fields and natural resources that would be of help in 
planning towards adaptation measures and preparedness.  

The far-reaching consequences of climate change are inevitable as 
demonstrated by the simulation models using various projection 
scenarios.  However, accuracy of the projection is still a challenge 
at the present time.  Therefore, attempts are being made towards 
calibrating and validating these simulation models using remote 
sensing and ground observed parameters for Indian condition.  
These studies have been carried out in the fields of agriculture, 
hydrology, ocean productivity, impact on coastal zone due to sea 
level rise, regional climate model and global water cycle.  The 
experience and knowledge gained from these studies would be 
useful in specifying the trend in climate change impacts and 
suggesting corresponding adaptation measures. 

2. OBSERVATIONAL NEEDS  

The broad observational needs to address the issues of climate 
change cover parameters related to atmospheric compositions, 
ocean surface topography, precipitation and land-surface 
observations. Important research areas in the field of monitoring 
atmospheric composition include measurements on CO2, CH4, 
water vapour, ozone, aerosols etc.  On ocean topography, 
monitoring sea level rise, as well as providing ocean temperature 
and chemistry trends is necessary. In the area of precipitation, 
tracking the seasonal progression of rainfall and attempting to 
better understand development, movement and impact of severe 
storms, as well as improving the understanding of water cycles is 
an important area of concern.  Terrestrial monitoring systems are 
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required to observe changes in croplands, coastlines, deserts and 
forests, and to track short-term threats to climate change, such as 
wildfires, floods and volcanic activity.  Present and planned global 
satellite missions play an important role in providing synoptic 
atmospheric, terrestrial and oceanic environmental data from space 
to address these observational requirements.  These data promote 
multidisciplinary research in the polar regions and can be 
instrumental in furthering our understanding of the Earth as a 
System. The important climate variables (table 1), which are being 
measured using space platform, are as follows, 

 Radiation, clouds, water vapor, precipitation, and 
atmospheric circulation; 

 Ocean circulation, productivity and exchange with the 
atmosphere; 

 Tropospheric chemistry and greenhouse gases; 

 Land ecosystems and hydrology; 

 Snow, ice, and glacier extent; 

 Ozone and stratospheric chemistry; and 

 Volcanoes and climate effects of aerosol. 

3. EARTH OBSERVATION SYSTEMS FOR  
MONITORING CLIMATE VARIABLES 

The goal of space based global change observation, together with 
other observations and studies, is to provide a sound scientific basis 
for developing national and international policy related to natural 
and human induced changes in the Earth system.  Some important 
programmes are described below 

3.8 Earth System Science Pathfinder (ESSP) Program 

The ESSP of NASA addresses unique, specific, highly focused 
mission requirements in earth science research.  The ESSP program 
is an innovative approach for addressing Global Change Research 
by providing periodic ‘Windows of Opportunity’ to accommodate 
new scientific priorities.  ESSP missions are capable of supporting 
a variety of scientific objectives related to earth science, including 
the atmosphere, oceans, land surface, polar ice regions and solid 
earth.  

The ESSP mission comprises analysis/ retrieval of parameters from 
the host of satellites viz., Gravity Recovery and Climate 
Experiment (GRACE), Aerosol Lidar and Infrared Pathfinder 
Satellite Observations (CALIPSO), CloudSat, and Aquarius. 
NASA has developed a strategy for long-term monitoring of some 
key parameters needed to bring us closer to the answers we need 
regarding climate change and its relation to social systems.  This 
technology consists of a group of satellites that can make a suite of 
earth observations referred to as the ‘A-Train’.  CloudSat and 
CALIPSO, Aqua, PARASOL and Aura are important satellites in 
A-Train formation. The satellites fly in a nearly circular orbit with 
an equatorial altitude of approximately 705 km.  

Parameters Req. Accuracy Satellite Instrument Accuracy 
Solar Irradiance 1.5 W/m2 Radiometer 1.5 W/m2 
Precipitation 0.125mm/hr MW Radiometer/Radar 1.2 K 
Cloud Optical Thickness 10% Vis. Radiometer 5% 
Cloud top temperature 1K/Cloud Emissivity IR Radiometer 1K 
Atm. Temperature 0.5K MW/IR Radiometer 0.5K 
Water Vapour 5% MW/IR Radiometer 1K 
Ozone (total column) 3% UV/Vis Spectrometer 2% 
Aerosols (AOD) 0.01 Vis Polarimeter/LIDAR Radiometric 3% Polarimetric 0.5% 
Carbon dioxide 10ppmv NIR/IR Spectrometer 3% (Ambient CO2) 
Ocean Colour 5% Vis Radiometer 5% (Radiance) 
Sea Level 1 cm Altimeter 2.8 cm 
SST 5% IR  Radiometer 0.1K 
Albedo 0.01 Vis. Radiometer 5% 
LAI 0.5 Vis Radiometer 0.5 
Soil Moisture 3% (v/v) Active/Passive MW 5%(soil moisture) 

Table 1: Essential Climate Parameters, Required Parameter Accuracies and Satellite Sensors with Associated Instrument Accuracies 
(Adapted from NIST Report (2004)) 

3.2 Living Planet Programme 

European Space Agency (ESA) launched Living Planet 
Programme, which includes the Earth Explorer missions, and the 
Earth Watch element designed to facilitate the delivery of Earth 
Observation data for the eventual use in operational services.  Earth 
Watch includes the well-established meteorological missions with 
the European Organisation for the Exploitation of Meteorological 
Satellites (EUMETSAT) and also new missions focusing on the 
environment and civil security under GMES (Global Monitoring 
for Environment and Security), a joint initiative between the 
European Commission and ESA. 

As part of the Living Planet Programme, the Earth Explorer 
missions encompass a new strategy for observing the earth from 
space where missions are designed to address critical and specific 
issues that have been raised by the science community.  The family 
of Earth Explorer missions is a result of this strategy.  Currently 
there are six missions in this category and a further six undergoing 
assessment study as follows: 

 GOCE (Gravity field and steady-state Ocean   
Circulation Explorer)  

 SMOS (Soil Moisture and Ocean Salinity): 
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 ADM-Aeolus (Atmospheric Dynamics Mission) 

 CryoSat-2 

 Swarm 

 EarthCARE (Earth Clouds Aerosols and Radiation 
Explorer) 

3.3 Indian Earth Observation System (EOS) 

The Indian EOS has emerged as a strong constellation of 
geosationary and polar orbiting satellites (table 2) to provide the 
data for mapping and monitoring of ecosystems, detecting the 
changes in various temporal and spatial scales and retrieval of land, 
oceanic & atmospheric parameters for calibrating and validating 
the circulation models (Navalgund 2006, Navalgund et al. 2007).  
The current remote sensing satellites consist of theme-specific 
polar orbiting satellites, with a constellation of satellites in 
operation (IRS-1C, IRS-1D, IRS-P3, OCEANSAT-1/2, 
Technology Experiment Satellite - TES, RESOURCESAT-1, and 
CARTOSAT-1 & 2).  The polar orbiting satellite 
RESOURCESAT-1 provides multi-spectral data at 5.8 m (LISS-4); 
23.5 m (LISS-3); and 56 m (AWiFS) spatial resolution with a few 
days to a few weeks revisiting capability, thereby offering a better 
scope for resources management.  CARTOSAT-1 provides high-
resolution (2.5 m spatial resolution) panchromatic data in the stereo 
mode, making it possible to generate Digital Terrain Model (DTM) 
for various applications.  The latest remote sensing satellite 
CARTOSAT-2 is designed to provide much higher resolution data 
(0.8 m spatial resolution) for cartographic mapping. Oceansat-1 
and Oceansat-2 both carried 8 band Ocean Colour Monitor (OCM). 
Passive microwave radiometer (MSMR) was flown on Oceansat-1 
satellite, which provided important information on polar ice cover. 
The Ku band Pencil beam Scatterometer and Radio Occultation for 
Sounder for the Atmosphere (ROSA) are flown in Oceansat-2 
mission.   

India has also launched geostationary satellites i.e., INSAT series 
(viz., INSAT 1, 2 and 3) and METSAT (Kalpana-1) for 
meteorological applications.  INSAT series deployed in orbit 
comprises of Very High Resolution Radiometer (VHRR) with 
imaging capability in visible (0.55-0.75 μm), thermal infrared 
(10.5-12.5 μm) and water vapour channel (5.7-7.1 μm) and 
provides 2 x 2, 8 x 8 and 8 x 8 km ground resolution, respectively.  
The satellite METSAT (Kalpana-1), which carries VHRR and Data 
Relay Transponder (DRT) payload, provides meteorological 
services. 

Periodic inventory of natural resources, generation and updation of 
large-scale maps, disaster monitoring and mitigation, improved 
weather forecasting at better spatial and temporal scales, ocean-
state forecasting, facilitating infrastructure development and 
providing information services at the community level for better 
management of land and water resources continue to be the thrust 
areas of applications for the Indian Earth Observation (EO) 
program.  In order to address these thrust areas, the following 
Indian EO missions with different thematic goals have been 
planned, viz., operational polar orbiting RESOURCESAT-2, and 
RISAT; experimental polar orbiting SARAL and low-inclination 
orbit Megha Tropiques in cooperation with CNES.  These will be 

augmented with the geostationary INSAT systems with Imagers 
and Sounders and a Geo-HR-Imager.  In addition, it is planned to 
have microwave remote sensing satellites with mutli-polarisation 
and multi-mode capabilities in L, C and X-bands.  It is also planned 
to use the complementary and supplementary data from the other 
international missions to augment the data sources for climate 
change research in India.  A brief description of forthcoming 
satellites for atmosphere, oceanography and meteorology follows: 

·INSAT-3D will carry 6 channel Imager covering visible, infrared 
and water vapour channels and a 19 channel Sounder with bands in 
infrared and visible region.   

·Megha Tropiques is an ISRO-CNES joint mission with three 
payloads viz., a five frequency (18, 23, 37, 89 & 157 GHz) 
imaging microwave radiometer - MADRAS  (Microwave Analysis 
and Detection of Rain and Atmospheric Structures); a 6 channel 
humidity sounder - SAPHIR (Sounder for  Atmospheric  Profiling 
of Humidity  in the Intertropics by Radiometry) and  a radiation 
measurement instrument -SCARAB (Scanner for Radiation 
Budget).   

Satellite Sensors Launch Date 
Bhaskara-1 TV camera, SAMIR** 7 June, 1979 
Bhaskara-2 TV camera, SAMIR** 20 Nov., 1981 
IRS-1A LISS-I, LISS-II 17 Mar.,1988 
IRS-1B LISS-I, LISS-II 29 Aug.,1991 
IRS-P2 LISS-II 15 OCT.,1994 
IRS-1C LISS-III,PAN,WiFS 28 Dec.,1995 
IRS-P3 MOS A,B,C, WiFS 21 Mar.,1996 
IRS-1D LISS-III,PAN,WiFS 29 Sep.,1997 
INSAT-2E* CCD, VHRR 03  Apr.,1999 
IRS-P4 
(Oceansat-1) 

OCM, MSMR** 26 May, 1999 

Kalpana-1* VHRR 12 Sept, 2002 
INSAT-3A* CCD, VHRR 10 April, 2003 
IRS-P6 LISS-III, LISS-IV, 

AWiFS 
17 Oct., 2003 

IRS-P5 
(Cartosat-1) 

PAN (Fore, Aft) 
 

05 May, 2005 

Cartosat-2 PAN 10 Jan. 2007 
Cartosat-2A PAN 28 April, 2008 
IMS-1 Hysi, Mx 28 April, 2008 
Oceansat-2 Scatterometer***, 

OCM, ROSA 
23 Sept. 2009 

RISAT SAR*** Planned 
Megha 
Tropiques 

MADRAS**, 
SAPHIR**, ScaRaB, 
GPS Occ. 

Planned 

INSAT-3D* Imager, Sounder Planned 
SARAL*** Altika. ARGOS Planned 

Table 2: Present and Planned Indian Earth Observation 
Satellites 

*   INSAT-2E/3A/3D are geo-stationary satellites, others are polar 
orbiting satellites 

** SAMIR, MSMR, MADRAS, SAPHIR are multifrequency passive 
microwave radiometers 
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*** SAR, Altika and Scatterometer are active microwave sensors 

·I-STAG (Indian SaTellite for Aerosols and trace Gases) is planned 
under ISRO’s Small Satellite Programme, and will carry three 
payloads viz., MAPI (Multi-Angle Polarisation Imager); MAVELI 
(Measurement of Aerosols by Viewing Earth’s LImb; and MAGIS 
(Measurement of Atmospheric Gases using Infrared Spectrometer).   

·SARAL (Satellite with ARgos and ALtika) is a joint mission of 
ISRO and CNES with the main objective of monitoring the ocean 
state.  The payloads included are a ka-band radio altimeter called 
Altika and an ARGOS space segment. 

4. SPACE BASED CLIMATE CHANGE  
STUDIES IN INDIA 

It has been fairly established that climate change happenings are 
real  and these are further evident from recent increase in extreme 
events.  With a view to understand the underlying science aspects, 
ISRO on its part, through its focused ISRO Geosphere Biosphere 
Programme (ISRO GBP), has been pursuing a climate research 
programme over the past two decades with specific focus on 
studying atmospheric aerosols, trace gases, GHGs, paleoclimate, 
land cover change, atmospheric boundary layer dynamics, energy 
and mass exchange in the vegetative systems, National Carbon 
Project (NCP) and Regional Climate Modeling (RCM).  ISRO has 
also carried out extensive campaigns with integrated satellite, 
aircraft, balloon and ground-based measurements, jointly with 
many sister institutions in the country, to study quantitatively the 
above aspects, and has brought out many scientific findings in 
many reputed international peer reviewed journals. 

Many studies have been carried out towards mapping and 
monitoring of climate change indicators, which include glacier 
retreat (Kulkarni et al. 2005, 2006, 2007), changes in polar ice 
cover (Vyas et al. 2003, 2004), timberline change (Panigrahy et al. 
2007) and coral bleaching (Bahuguna (2008), Bahuguna et al. 
2008).  There have been some pioneering efforts to map the global 
change forcing agents.  Spatial methane inventories from paddy 
rice (Manjunath et al. 2009), livestock ( Chhabra et al. 2009) and 
wetlands (Garg et al. 2005) have been prepared.  Seasonal pattern 
of CO2 (Singh et al. 2008), CO, CH4 and NO2 have been analysed.  
All these, information along with land surface parameters may help 
in improving the accuracy of regional climate models and their 
projections for India. 

Long-term impact assessment requires simulation models for 
forecasting.  Studies are being carried out towards calibrating and 
validating these simulation models for Indian condition under 
Programme on Climate Change Research in Terrestrial 
Environment (PRACRITI) Programme (Pracriti, 2008).  Presently 
these studies is being  carried out in the fields of agriculture, 
hydrology,  snow and glacier, impact on coastal zone due to sea 
level rise and green house gases.  The experience and knowledge 
gained from these studies would be useful in forecasting the 
climate change impacts and suggesting adaptation measures. 
Salient findings of studies carried out at Space applications Centre 
(SAC) related with climate change are discussed in the following 
sections. 

Space based Indicators of Climate Change 

4.1 Glacial Retreat in Himalaya 

Glaciers are normally described as mass of ice slowly moving 
down a gradient.  A glacier consists of ice crystal, water and rock 
debris.  Out of these, ice is an essential part of the glacier.  Climate 
change is expected to change the ice cover and glacier extent.  
Satellite remote sensing data has been used to map and monitor the 
Himalayan glaciers.  Glacier inventory of Indian Himalaya was 
completed at 1:250,000 scale using IRS-1A LISS-II data.  1702 
glaciers covering an area 23,300 sq km were mapped.  Glacier 
inventory at 1:50,000 scale was carried out in the Satluj, Tista, 
Dhauli Ganga and Chenab basins. 

Initial studies on monitoring of glacial retreat and estimation of loss 
in glacial area was carried out for two glaciers viz. Samudra Tapu 
(Kulkarni et al. 2006) and Parbati glaciers (Kulkarni et al. 2005) in 
Himachal Pradesh. Satellite images (fig. 1) showed that these 
glaciers are presently retreating at the rate of 26 m and 38 m per 
year, respectively (from base year 1962).  

 

Figure 1. Retreat of Glaciers in Parbati River Basin, Himachal 
Pradesh, Studied using high Resolution LISS-IV Images of 
Resourcesat Satellite. (Source: ISRO Report (2008)) 

A model based on Accumulation Area Ratio has been developed to 
estimate glacial mass balance.  The model suggests an annul loss of 
84 cm of ice in Baspa basin.  This study is now expanded to 10 
sub-basins in the Indian Himalaya.  Glacial retreat in Chenab, 
Parbati and Baspa basins suggests an overall reduction in glacier 
area by 21% and mean of glacial extent has reduced from 1.4 to 
0.32 km2 (Kulkarni et al. 2007).  Small glaciarets and ice fields 
having less than 1 km2 area have shown retreat of 38% from 1962, 
possibly due to small response time.  In addition, many glaciers are 
having no accumulation area.  These glaciers are expected to face 
terminal retreat, due to lack of formation of new ice.  Seasonal 
snow cover monitoring in the Baspa river basin suggests a large 
retreat in December and average stream runoff of the month has 
increased by 75%.  The observations such as glacial retreat, 
negative mass balance, early melting of seasonal snow cover and 
wintertime increase in stream runoff suggest an influence of 
climate change on the Himalayan cryosphere.  

Similarly, change in snow cover is also expected as an indicator of 
climate change.   Snow cover monitoring algorithm was used to 
monitor seasonal snow cover in 28 sub-basins in the Indus and 
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Ganga river basins using AWiFS data from Resourcesat-1.  Initial 
results show significant change in snow cover.  Further study is 
planned that will provide snow cover atlas of 28 sub-basins in 
Indian Himalaya, glacier retreat in 6 sub basins, and glacial 
inventory covering Indus, Ganga and Bramhputra basins. 

4.2 Change in Polar Ice Cover 

The Earth’s polar regions play a critical role in the Earth System.  
In polar oceans, sea ice forms a blanket over ocean during winter 
that melts in the summer.    During the winter this blanket acts as a 
barrier between underlying ocean and incident solar energy.  By 
reflecting incident solar energy and radiating to space the earth’s 
long-wave energy, the polar regions help to keep the planet cool.  
Satellites in near-polar orbit can provide consistent spatial and 
temporal coverage necessary to document the changes in Polar ice.  
Microwave remote sensing has greater role to play in sensing polar 
ice change because the changes in dielectric properties of ice due to 
growth and aging can be exploited in ice retrieval algorithms.  
Polar sea ice has been monitored quasi-continuously over the last 
30 years using Passive Microwave Radiometers (PMR), namely 
SSMR (Nimbus-7) and SSM/I (DMSP).  Space Applications 
Centre (SAC), in collaboration with National Centre for Antarctic 
and Ocean Research (DOD), Goa, India, has also contributed 
significantly in the use of MSMR data for monitoring the Antarctic 
region.   

Vyas et al. 2003, have assessed the potential of MSMR 
observations for analyzing the sea ice extent.  Bhandari et al. 2005, 
have carried out relative calibration of MSMR using independent 
SSM/ I measurements for Sea Ice Concentration (SIC).  These 
studies developed the confidence on use of MSMR data for polar 
ice studies.  Vyas et al. 2004, have analyzed the intra-annual 
variation and inter-annual trends of SIC over Antarctic using 
MSMR data (from 1999 to 2001) and SSMI data (from 1979 to 
1998).  It was observed that sea ice extent is minimum in February, 
whereas in August it is maximum.  Even in August, significant 
variations in SIC was observed between 2000 and 2001 that 
highlights the presence of inter-annual variations in Antarctic parts 
of polar region.  Relatively moderate rate of long term increase of 
sea ice extent (2.6% per decade) was reported in the results of trend 
analysis using SMMR, SSM/I and MSMR observations.  However, 
decreasing trend of          –1.1% per decade was observed in the 
Weddell Sea Sector.  For the Arctic region, brightness Temperature 
mapping (at 18 GHz) has been carried out using MSMR data 
from1999-2001. 

4.3 Upward Shift in Timberline and Vegetation  
in Alpine Zone 

High altitude/ mountain ecosystems defined by low temperatures 
are considered sensitive to climate warming.  Simulation studies 
show that climate change impact will result in invasion of 
vegetation to higher altitudes.  Study has been carried out in high 
altitude Central Himalayan ranges in a part of the World Heritage 
site (the Nanda Devi Biosphere reserve) using temporal satellite 
remote sensing data (Panigrahy et al. 2007).   Data of March 1986 
(Landsat TM), March 1999 (Indian Remote Sensing satellite - IRS 
LISS III) and March 2004 (IRS LISS III and LlSS IV) were used in 
conjunction with the topographic map of Survey of India at 
1:50,000 scale (based on 1960 aerial photographs).  Digital 

elevation data derived from remote sensing was used to analyze the 
terrain parameters, mainly elevation to study the regions above 
3000 m (above sub-alpine zone). 

 

Figure 2. Increased Vegetation Cover in Alpine Zone and 
Decrease in Snow & Glacier Cover, and Upward Shift in 
Timberline from 1960 to 2004. (Source: ISRO Report (2008) 

Analysis of survey map of 1960 showed that glaciers, snow and 
scree, were the dominant land cover types of the area.  Vegetation 
was reported in the form of scrub and scattered trees.  The 
timberline was at 3900 m AMSL in 1960.  Analysis of remote 
sensing data of March 1986 showed no significant deviation from 
the baseline information obtained from topographic map.  The 
1999 data showed indications of reduction in snow/ ice cover and 
increase in vegetation cover in areas above 4000m.  Satellite data 
of 2004 showed significant increase in vegetation cover in alpine 
zone (fig. 2).  It occupied 23% of area in comparison to around 
0.5% in 1986.  Vegetation regeneration was in areas that were 
snow/ ice in 1986 This is so far highest reported vegetation ingress 
in mountainous regions within a span of two decades.  On the other 
hand, the snow/ glacier class reduced to 35.0% in 2004 compared 
to 90.5% in 1986, while scree area increased from 9.0 to 42%.  The 
elevation contours overlaid on the image showed that now the 
timberline is at 4300 m AMSL, the scrub line is at 4900 m AMSL 
and the tundra vegetation line is at 5300 m AMSL.  The vegetation 
ingression and timberline shift can be used as indicators of climate 
change (Fig. 2). Recently Thapliyal et al. 2009 have reported 
systematic increase in vegetation greenness (in terms of NDVI) in 
Garhwal Himalyan region using three-decade remote sensing data 
(Landsat MSS (1976) and IRS LISS III (1999 & 2006)). 

4.4 Bleaching of Coral Reefs 

Recent assessments suggest that a significant fraction (10-16%) of 
the historical extent of coral reef coverage has been lost worldwide.  
Coral bleaching, or the separation of coral algal symbionts 
(zooxanthellae) from a host coral, is a process that was first 
described over 75 years ago, but which has become a pervasive and 
frequent phenomenon over the past 20 years.  The major factor 
causing coral bleaching is increased ocean temperature.  It is 
apparent that the major causes of bleaching events are 
unpredictable and uncontrollable, and probably are linked to 
climatic conditions that may become more stressful in future. 
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Figure 3. Coral Reef Habitat (Pirotan) and its Degradation as a 
Result of Temperature Anomaly in 1998 and 2004. (Source: 
Bahuguna et al. 2008) 

There are four major reef regions in India, and they have been 
mapped using satellite data at SAC, Ahmedabad, for their extent 
and ecological condition.  These are currently being zoned at eco-
morphological level.  Bahuguna et al. 2008 have developed the 
indicator-based approach for monitoring health of reefs.  The 
leading indicators give an early idea of the reef environmental 
condition and have led to the development of ‘Warning Index’.  
The co-incident indicators tell about the current ecological state of 
reef and lead to the Ecological Index and the Lagging indicators 
indicate the damage that has already occurred (Damage Index).  
These three indicators help in giving a statement on the health of 
the reef.  The warning index is primarily dominated by, the sea 
surface temperature (SST) anomaly.  The effect of increased SST 
on the coral reefs has been well studied.  Increased SST leads to 
coral bleaching followed by increasing cover of macro-algae (Fig. 
3) and therefore a classic case of phase shift (coral dominated to 
macro-algae dominated habitat) (ISRO Report (2008)).   

4.5 Mapping and Monitoring Agents of Climate Change 

4.5.1 Methane emission from rice lands: Space Applications 
Centre has carried out a national inventory of methane emission 
using an integrated approach (Manjunath et al.  2009).  Satellite 
remote sensing data was used to derive the rice area, crop-growing 
calendar (duration, growth stages) and digital elevation.  These 
have been used to model the hydrological regime of rice lands.  
These inputs along with collateral data on soil and irrigation were 
used to stratify the rice lands (as per IPCC guidelines) and 
designing a sampling scheme.  Sampling (471) locations were 
identified across the country, where emission was measured during 
different crop growth stages.  Soil and plant parameters were also 
measured.  These measurements were used for up-scaling of 
emission in each strata.  The strata level estimates were used to 
derive country level emission (fig. 4).  The seasonal integrated flux 
(SIF) for the dry season was 78.3 kg/ ha with standard deviation of 

33.3 kg/ha.  The emission from the rice ecosystems of India ranged 
from 1.557 to 5.21 Tg with a mean of 3.383 Tg (Manjunath et al. 
2009).  The peak emission was observed during September month. 
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Figure 4. Perspective View of Methane Emission from Rice 
Lands in India. (Source: Manjunath et al. 2009) 

4.6 Methane Emissions from Indian Livestock 

Livestock is another major source of methane emission with global 
contribution of about 37%, mostly from enteric fermentation by 
ruminants.  Livestock constitutes an integral component of Indian 
agriculture.  India possesses the world’s largest total livestock 
population of 485 million, which accounts for ~57 and 16% of the 
world’s buffalo and cattle populations, respectively.  A detailed 
state/ district-level methane emission inventory for different 
livestock categories was made using the country-specific and 
Indian feed standard based methane emission coefficients, which 
are based on IPCC guidelines, and the latest available livestock 
census.  The total methane emission including enteric fermentation 
and manure management has been estimated as 11.75 Tg for the 
year 2003 (Chhabra et al. 2008, 2009). Enteric fermentation 
accounts for ~92% or 10.65 Tg of the total, while manure 
management contributes only 8% or 1.09 Tg.  

4.6.1 Methane emission from wetlands: SAC has also carried out 
the first wetland inventory using remotely sensed satellite data (of 
1992-93) for the entire country at 1: 250,000 scale.  Later, the same 
has been updated with the AWiFS data of 2004-05.  This has 
evolved into a national wetland information system for the country.  
The total area under various wetland categories (24 classes) was 
estimated to be 78,48,427 ha in 1992-93, while it has shown an 
increase and accounted for 88,28,685 ha in 2004-05.  Preliminary 
analysis of potential methane emission from Indian wetlands was 
carried out using published values from international study.  The 
wetland database was used to compute annual emissions from the 
wetlands in India.  Results showed that the potential emission may 
vary from 1.27 Tg/ year to 2.31 Tg/ year, with national annual 
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mean emission of 699-kg/ sq. km (Garg et al. 2005).  Efforts are 
needed to generate the country specific coefficients for methane 
emission from Indian wetland using the in situ measurements. 

Space based Monitoring  of  Green House Gases 

The concentration of Greenhouse Gases (GHGs) in the atmosphere 
is of significant importance in the context of climate change.  
These are varying with time and place. SAC has taken initiatives in 
this direction by analysis of the satellite based trace gases 
concentration over India (Manjunath 2006, Singh & Shukla 2008, 
Singh et al. 2007). Studies are being carried out to arrive at optimal 
sensor parameters for green house gas detection and develop 
remote sensing technique to monitor the GHGs under Pracriti 
program (Pracriti 2008).  The salient findings on variability of CO, 
CO2, CH4, NO2 concentration over India  are discussed in the 
subsequent sections. 

4.7 Carbon Monoxide  

The concentration of atmospheric Carbon monoxide (CO) plays an 
important role in the tropospheric chemical system.  CO, produced 
mainly from incomplete combustion, is both direct and indirect 
precursor for numerous trace gases including several greenhouse 
gases.  It is a primary component of the biomass burning and 
produced by burning of fossil fuels in urban and industrial areas.  
Major sink for the carbon monoxide is its reaction with OH radical 
present in the atmosphere.  

Spatial and seasonal variation in column CO concentration over 
India was observed (Singh et al. 2008a) from EOS-TERRA 
MOPITT (Measurements of Pollution In The Troposphere) sensor, 
an instrument on board the NASA Earth Observing System (EOS) 
Terra satellite (Fig. 5).  MOPITT is a nadir Infra Red (IR) 
radiometer, in which measurements of upwelling IR radiation are 
collected by using the principle of correlation spectroscopy at 
wavelengths 4.7 μm and 2.3 μm with a near global coverage with 
in 3-4 days. It was observed that the Indo-Gangetic plain was 
associated with highest annual average columnar CO 
concentration, whereas hilly terrain of J&K showed lowest 
concentration.  The systematic seasonal cycle was observed in the 
concentration of CO, in all the years.  It was found that CO 
concentration is higher during the pre-monsoon period (January-
April) with a peak in March-April (~2.5x1018 molecule/cm2).  In 
summer & monsoon period (May-September) CO levels tend to 
decrease (~1.5x1018 molecule/ cm2), which again increase in post 
monsoon (October-December) months.  It was observed that 
average CO concentration over India is increasing ~1.7% per year 
(fig. 6). 

 

Figure 5. Spatial Variability of Atmospheric CO2 , CH4, CO 
and NO2 Over India  Estimated Using SCIAMACHY and 
MOPITT Sensor Data 

            Mean : 2.13x 1018 molecules/cm2
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Figure 6. Inter Annual Variability in Carbon Monoxide Over 
India  Estimated Using MOPITT Sensor Data 

4.8 Carbon Dioxide 

The rapid increase in atmospheric concentrations of carbon dioxide 
over years is linked with combustion of fossil fuels, conversion of 
forested land to agricultural use and changes occurring in various 
carbon pools and fluxes.  There has been growing concern in recent 
years that these high levels of greenhouse gases may not only lead 
to changes in the earth’s climate system, but may also alter 
ecological balances through effects on vegetation.  Terrestrial 
ecosystems act as both source and sink and large uncertainty exits 
in understanding the current carbon status and its spatial and 
temporal variability.  
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Satellite based estimation of atmospheric CO2 is an emerging 
technique which provide information on the spatial variability.  
Spatial and seasonal variability of the CO2 was estimated using 
ENVISAT-SCIAMACHY (SCanning Imaging Absorption 
spectroMeter for Atmospheric CHartographY) sensor (Singh 
2008).  SCIAMACHY is an imaging spectrometer whose primary 
mission objective is to perform global measurements of trace gases 
in the troposphere and in the stratosphere.  The solar radiation 
transmitted, backscattered and reflected from the atmosphere is 
recorded at relatively high resolution (0.2 nm to 0.5 nm) over the 
range 0.24 μm to 1.7 μm, and in selected regions between 2.0 µm 
and 2.4 µm.  The high resolution and the wide wavelength range 
make it possible to detect many different trace gases despite low 
concentrations.  It is observed that vegetated region such as forests 
of Himalaya and Kerala are associated with relatively low CO2 
concentration ( ~350 ppm) as compared to arid region of Rajasthan 
(~ 375 ppm) (Singh et al. 2008b).  Terrestrial vegetation acts a sink 
of CO2 and uses it for primary production.  Figure 7 shows the inter 
annual increasing trend of CO2 associated with seasonal cycle of 
vegetation estimated using SCIAMACHY data over India. 
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Figure 7. Inter Annual Variability in Carbon Dioxide 
Associated with Biospheric Seasonal Signal Over India 
Estimated Using SCIAMACHY Sensor Data 

4.8.1 Methane: Methane is the second most important greenhouse 
gas after carbon dioxide and contributes ~15% to the global 
warming. Rice cultivation has been accredited as one of the major 
source of anthropogenic methane (Manjunath et al. 2009). With the 
intensification of rice cultivation to meet the growing global food 
demand, CH4 emission from this important ecosystem is 
anticipated to increase. It was observed using SCIAMACHY data 
that all India monthly average atmospheric concentration of 
methane ranges from 1693 ppb to 1785 ppb. A systematic seasonal 
pattern was observed in methane concentration, which was mostly 
influenced by rice growth characteristics. It was found that January 
to June is associated with relatively lower concentration of methane 
(1699 ppb-1708 ppb) in India, which characteristically increase 
from July to September (1747 ppb-1785 ppb) with further gradual 
decline from October to December (1768 ppb-1704 ppb). The 

satellite based spatial variability of methane (fig.5) is in accordance 
with field based methane emission measurements (fig. 4).  The 
spatial distribution of methane over Indian region is associated with 
agricultural practices particularly rice cultivation. It was observed 
that Indo gangetic plain including North East region, parts of 
Chattisagarh, Orissa and Andhra Pradesh showed higher methane 
concentration (> 1730 ppb) as compared to hilly regions of Jammu 
and Kashmir (< 1710 ppb). 

4.8.2 Atmospheric NO2: Nitrogen oxides play a central role in 
tropospheric chemistry.  An improved knowledge of the global 
tropospheric distribution of NOx (NO+NO2) is important for 
climate change studies.  NOx and volatile organic compounds are 
emitted in large quantities due to human activities such as vehicles 
and industry.  The knowledge of the ozone distribution and its 
budgets is strongly limited by a severe lack of observations of NO 
and NO2 in the troposphere.  The technique used to retrieve total 
slant columns of atmospheric trace species from Satellite (GOME, 
SCIAMACHY) measurements is the Differential Optical 
Absorption Spectroscopy (DOAS).  The DOAS technique allows 
the determination of concentrations of atmospheric species, which 
leave their absorption fingerprints in the spectra.  Spatial 
distribution of tropospheric NO2 concentration  was analyzed over 
India.  It was observed that high concentration of NO2 distribution 
is associated with coal-mine and thermal power locations as well as 
major metropolitan cities of India (fig. 5). 

4.8.3 Biomass burning/ forest fire: Biomass burning including 
forest fire is an important source of greenhouse gases and has 
substantial impact on climate.  The frequency of forest fires is 
expected to increase in India as a result of global warming.  
Decoupling the fire due to human-induced climate change and 
natural climatic variability is not certain.  However, fire frequency 
is expected to increase with human-induced climate change, 
especially where precipitation remains the same or is reduced.  
Several researchers suggest that climate change is likely to increase 
the number of days with severe burning conditions, prolong the fire 
season, and increase lightning activity, all of which lead to 
probable increase in fire frequency and areas burned.  Space-borne 
remotely sensed data play a crucial role in observing fire events 
spatially as well as temporally (Singh et. al. 2009). 

ISRO/ DOS Centres, over the years, have been carrying out work 
regarding the detection of fire, burnt area mapping using various 
satellite sensors like IRS and MODIS.  SAC has studied month 
wise fire events (counts) using ATSR over India (includes forest 
fires, agricultural and other biomass burning events), and yearly 
variations were also studied using ATSR  fire atlas data (source: 
http://dup.esrin.esa.int/ionia/wfa/index.asp.).  Results show that 
March and April are the months, when fire events are high, while 
July is the least fire event month (fig. 8). Singh et al. 2009 has 
reported reasonable resemblance in seasonal variation in forest fire 
events and CO emission (fig. 8). Analysis of fire events in relation 
to land use/ cover showed that more than 80% events are from two 
classes: (i) tree cover, broadleaved, deciduous, closed forest, and 
(ii) well managed agricultural lands. 
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Figure 8. Atmospheric CO Variations from MOPITT Vs ATSR 
Based Fire Count over Indian Region for Year 2000 – 2007. 
(Source: Singh et al. 2009) 

5. CONCLUSION AND FUTURE DIRECTION 

Evolving a coherent research program and selecting research 
priorities is a major challenge in a broad scientific domain such as 
climate change that crosses over a number of different disciplines, 
each evoking many scientific questions.  Developmental needs of 
the country place enormous demand on its resources. The 
challenge lies in balancing the competing demands placed on its 
limited resources and development processes relevant to national 
policy issues by use of Technology. Space technology of earth 
observation provides important inputs in addressing the climate 
change issues. Studies discussed in the paper are some examples of 
utilization of space technology in climate change studies in India.  
The experience and knowledge gained from these studies would be 
useful in specifying the trend in climate change impacts and 
suggesting corresponding adaptation measures. There is need to 
strengthen these studies further covering many other new areas.   
Summary of some of the important direction and future action 
plans in these fields are as follows,    

·Developing benchmark sites at different ecological regions of the 
country to regularly monitor the indicators of climate change. 

·Long-term monitoring of atmospheric composition using flux 
towers and satellite observations. 

·Use of simulation models to study the long-term impacts on 
agriculture, hydrology, coastal land-use, ocean productivity, 
desertification etc (PRACRITI 2008). 

·Development/ adaptation of Regional Climate Models (RCM) for 
generation of India-specific climate scenarios - using detailed 
observations and coupled ocean-atmosphere-land-ice model. 

·Facilitating in situ observational networks for weather and climate, 
comprising of indigenously developed Automatic Weather Station 
(AWS), AGROMET flux Tower, Doppler Weather Radar (DWR), 
Boundary Layer LIDAR (BLL) and GPS Sonde. 

·Design and development of appropriate satellite missions to make 
global measurements of green house gases and establish necessary 
calibration sites. 

The climate change studies would need integrated effort with 
extensive measurement campaigns involving collaboration with the 
concerned national and international scientific organizations. 
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ABSTRACT:  
 
The paper provides a comprehensive review of global croplands and their water use. Global cropland (irrigated plus rainfed) areas 
increased from 265 Mha in year 1700 to about 1.5 Mha in year 2000. Major studies agree in their estimate of total croplands as about 1.5 
billion hectares for nominal year 2000. However, these studies differ significantly in correct estimates of: (a) irrigated versus rainfed 
croplands, and (b) precise geographic location of these croplands.  
 
Globally, only about 7 percent (3798 km3\yr) of the available renewable water (54,695 km3\yr) is currently withdrawn (but not necessarily 
used) by irrigated croplands. Typically, 1.6 to 2.5 times water actually required (equivalent to water used for optimal growing conditions) 
is actually withdrawn- so, only 40-60 percent irrigation efficiency. Results showed highly uneven spatial distribution in water availability 
and water withdrawal for irrigation around the world.  
 
 

                                                                 
∗thenkabail@gmail.com  

1. INTRODUCTION 

Croplands are water guzzlers, taking anywhere between 60-90% of 
all human water use in the World. Throughout the World, 
agricultural water use is now competing with municipal, 
environmental, and ecosystem water requirements for priority.  
State and regional governments are buying out water rights of 
farmers to help sustain water production for other uses. Already, 
global change is putting unprecedented pressure on croplands and 
their water use for ensuring future food security for all. Cropland 
areas have nearly stagnated, yield per unit area have plateaued, 
population is increasing, steadily, every year, croplands are lost to 
biofuels, salinization, urbanization), and bio-fuels are taking 
croplands away from food production, and nutritional transition is 
raising the calorie intake swiftly in emerging markets due to 
economic change. With the world’s food stocks fast dwindling 
(FAO, 2009), a need for systematic understanding of cropland 
distribution and their water use is critical than ever before. It is now 
becoming clear that continuous food crisis will be new global norm 
unless international agricultural research and investment efforts are 
directed to find long term solutions.  

2. METHODS AND APPROACHES 

In the past, irrigated and rainfed cropland areas were estimated, 
rather coarsely, in global land use classifications (Thenkabail et al., 
2009a) derived from remote sensing, which usually focused on 
other objectives, such as LULC, forestry, rangelands and rain-fed 
croplands. Most remote sensing work at regional level produced 
LULC maps and not specific thematic maps like croplands.  

More recently, irrigated cropland mapping has become feasible by 
integrating agricultural statistics and census data from the National 
systems, and spatial mapping technologies involving geographic 
information systems (GIS). As a result, there are 3 main irrigated 
cropland maps and\or statistics of the United States for nominal 
year 2000. These are:                                 

1. Thenkabail et al. (2009a, 2009b)- Figure 1;  

2. Siebert and Döll, 2009; and  

3. Ramankutty et al., 2008; 

Global cropland mapping has become feasible by integrating 
agricultural statistics and census data from the National systems, 
and spatial mapping technologies involving geographic information 
systems (GIS) (Ramankutty et al., 2008).  More recently, the 
availability of advanced remote sensing data along with secondary 
data and recent advances in data access, quality, processing, and 
delivery have made remote sensing based cropland estimates at 
global level possible (Thenkabail et al., 2009a, 2009b; Figure 1). 
The specific remote sensing advances enabling global cropland 
mapping and generation of their statistics include factors such as: 
(a) free access to well calibrated and guaranteed data such as 
Landsat and MODIS; (b) frequent temporal coverage of data such 
as MODIS backed by high resolution Landsat data; (c) free access 
to high quality secondary data such as long-term precipitation, 
evapotranspiration, surface temperature, soils, and GDEM; (d) 
global coverage of data; (e) web-access and broad band; (f) 
advances in computer technology and data processing.  
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3. RESULTS AND DISCUSSIONS 

Global cropland (irrigated + rainfed) areas increased from 265 Mha 
in year 1700 to about 1.5 Mha in year 2000. Major cropland area 
studies (Portmann et al., 2009; Ramankutty et al., 2008; Siebert and 
Döll, 2009; Thenkabail et al., 2009a; Thenkabail et al., 2009c) 
estimate total croplands (irrigated + rainfed) as about 1.5 billion 
hectares for nominal year 2000.  So, by year 2000, agriculture 
covers about 10% of the world’s terrestrial surface (148,940,000 
Km2).  

3.1 Global Rainfed Croplands 

About 70 percent of all incoming precipitation is stored as green 
water (unsaturated zone of soils). Rainfed croplands depend on this 
water for growth and food production. Rainfed croplands produce 

about 55 percent of the world’s food from 75 percent (1.13 billion 
hectares; Thenkabail et al., 2009a) of the cropland areas. Rainfed 
croplands, even though far less productive than irrigated areas, are 
the main source of livelihood of subsistence farmers and are the 
focus areas of future crop and water productivity increases. They 
are also considered environmentally friendlier given the problems 
of salinization and soil degradation in irrigated cropland areas. 

3.2 Global Irrigated Croplands 

Irrigated areas consume about 80 percent of all blue water (water in 
rivers, reservoirs, lakes, and aquifer ground water) used by humans. 
It also produces nearly 45% of all food in the world from just about 
25 percent (399 million hectares; Thenkabail et al., 2009b) of the 
cropland areas. So, the importance of irrigated cropland in water 
and food security is very high. 
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Total area 
available for 
irrigation or 
Net irrigated 
areas

Season 1 
irrigated areas

Season 2 
irrigated areas

Continuous 
irrigated areas

Annualized 
irrigated areas 
or gross 
irrigated areas

Total rainfed 
cropland areas

Area equipped 
for irrigation

Maximum 
monthly 
growing area of 
rainfed crops

Harvested area 
of rainfed + 
irrigated crops

Harvested area 
of rainfed + 
irrigated crops

A1 A2 A3 A4 A5 A6 A7 A9 A16 A20 A21 A14

# Name Hectares Hectares Hectares Hectares Hectares Hectares Hectares Hectares Hectares\yr Hectares\yr

1 China 111988772 75880320 68233355 7688411 151802086 91635702 85655033 72835500 168346500 147070700

2 India 101234893 72612189 53685066 5956598 132253854 48824269 68724872 108352000 184443900 171696820

3 USA 28045478 18182104 4006141 2120942 24309188 133571602 20548479 111394000 131942500 183979540

5 Russia 13886856 8865013 2113783 224734 11203530 114788560 3772922 75288900 79061820 126892130

14 Brazil 4195118 2165151 869365 1051327 4085844 87408556 2820954 45258500 49965470 51341076

6 Argentina 9304258 3601505 1605815 3559092 8766412 34318900 1352379 29027100 30376780 34010544

11 Australia 11865244 2991344 0 2382064 5373409 36758302 2384292 15950000 23603900 30030778

9 Kazakhstan 7227718 4625716 1760606 83362 6469685 31722986 1804753 13517600 15889950 23507754

20 Canada 2658297 1727915 1124721 21616 2874252 34944402 707053 34146900 35060956 42773136

26 Ukraine 2995578 1631677 258515 491607 2381799 28290153 1005120 26733700 27738820 36282376

16 Indonesia 3172879 1221384 716038 1385021 3322443 17573608 7108333 21978300 31533630 54709968

21 France 2399518 1249368 829980 607806 2687153 17648821 1708020 16226300 17934320 19494778

4 Pakistan 14036151 7895566 7302243 761533 15959342 3642557 19344802 2998450 22816730 23634900

18 Spain 3421724 1516815 683698 825310 3025823 15392046 3423510 11499900 14923410 18712148

7 Thailand 6610586 3228550 2209523 1959295 7397368 9931747 6187300 11854100 17702000 17151778

164 Zambia 779 0 0 536 536 16677106 55387 1091760 1126457 5338720

107 Tanzania 47022 33678 7852 5467 46998 16410652 227000 4999840 5868460 5477548

15 Mexico 3854673 1818168 916083 874479 3608730 12497923 5958094 11157800 17204790 38267104

124 Congo, Dem. Rep. 21833 19326 191 857 20375 15815336 7771 6323630 6069421

56 Poland 351514 268183 185150 779 454111 14424037 83292 12150000 12233292 14790640

Total for 20 countries (ha) 327318891 209533972 146508125 30000836 386042938 782277265 232879366 632784280 893843106 1045162438

Global total (ha) 398526952 251760119 173553844 41443717 466757677 1131552272 312384000 949425049 1304733596 1537977307
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Table 1. Global Irrigated and Rainfed Cropland Areas for l year 2000 Based on 3 Different Studies 
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Figure 1. Global cropland map at nominal 1-km resolution using remote sensing for nominal year 2000 (Source: Thenkabail et al., 
2009a; 2009c). Total cropland area was determined as 1.53 billion hectares of which 399 Mha was irrigated. Since irrigated areas 
often have more than 1 crop per year, the total annualized irrigated areas was 467 Mha

3.3 Water Use Assessments 

Continued increase in demand for water and recent water shortages 
have intensified the  need for better utilization of our water 
resources; it has also forced us to think more innovatively about 
different components of water available in the hydrological cycle, 
including white, green, and blue water (Falkenmark and 
Rockström, 2006).  

Unfortunately, there is no systematic evaluation of water use by 
crops. Water withdrawals (Table 2) for irrigation are typically 1.6 
to 2.5 times the water use (Table 2) making irrigation efficiency 

just around 40-60 % (Thenkabail et al., 2010). About 20% of all 
water used for crops comes from the blue water diversions (from 
water in lakes, reservoirs, rivers, and ground water in aquifers) 
irrigating 22-28 Mha annually. There is an additional 10% of water 
from direct rainfall (green water) over irrigated croplands. The rest, 
about 70%, of water used by crops is the green water (water in soil 
moisture in unsaturated zone) used by about 1.13 billion hectares of 
rainfed croplands. Spatial distribution of water required for 
irrigated croplands for USA is shown in Figure 2. Management 
strategies for blue and green water are not the same and the impacts 
on food security depend synergistically on how blue and green 
water is managed and for what crops and where. 

 

 

Figure 2. Water use by irrigated crops in the United States. This water use assessment includes blue water use (e.g., reservoirs, deep 
ground water, lakes, and rivers) plus green water use (water from precipitation falling directly on irrigated lands). [Source: Siebert 
and Döll, 2008; 2009] 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

16 

 

Water: 
renewable

Water: withdrawl 
for irrigation

Water: 
withdrawl for 
irrigation

Water: 
requirement (ET) 
for irrigation

Water Green: 
requirement 
(ET) for 
irrigation

Water blue: 
requirement 
(ET) for 
irrigation

Area of Country

Glieck et al. 
2009

Wisser et al. 
(2008)

Wisser et al. 
(2008)

Siebert and Döll, 
2009, 2008

Siebert and 
Döll, 2009, 2008

Siebert and 
Döll, 2009, 
2008

Ramankutty and 
Foley, 1998

C
ou

nt
ry

annual 
renewable 
water 
resources

Total water 
withdrawl for 
irrigation based on 
IWMI GIAM 
irrigated areas

Total water 
withdrawl for 
irrigation 
based on 
FAO\UF V4.0 
irrigated areas

Blue Water 
requirement for 
irrigation based 
on irrigated 
areas of FAO\UF 
V4.0

Green Water 
availability over 
irrigated areas 
based on 
FAO\UF V4.0

Total (blue + 
green) water 
requirement for 
irrigation 
based on 
FAO\UF V4.0

Area

A1 A2 A22 A26 A27 A28 A29 A30 A32

# Name km3 \yr km3 \yr km3 \yr km3 \yr km3 \yr km3 \yr Hectares

1 China 2830 755 606 147 257 404 959974780
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Table 2: Water Withdrawal and Water Required\use for Irrigated Areas by Country

CONCLUSION 

The global irrigated area estimates, withought considering 
intensity, varied between 312 Mha (Portmann et al., 2009) and 399 
Mha (Thenkabail et al., 2009b) for year 2000. Thenkabail et al. 
(2009) also estimated the irrigated areas by considering intensity 
which amounted to 467 Mha for the same period. The results from 
the advanced remote sensing (Thenkabail et al. 2009a, 2009b, 
2009c) and the non-remote sensing studies (Ramankutty et al., 
2008, Portmann et al., 2009\Siebert and Döll, 2008; 2009) varied 
significantly in: (a) providing precise spatial location of cropland 
areas, and (b) seperating irrigated areas from rainfed areas. Further, 

none of the studies provide a proper crop type and\or dominance. A 
proper and precise estimates of these are crucial given 60-90 
percent of all human water use is taken by croplands. 

The global crop water use varied between 6,685 to 7500 km3 yr-1; 
of this about 70% by rainfed croplands (green water use) and the 
rest 30 percent by irrigated croplands (blue water use). However, 
irrigated croplands use blue water (water in rivers, reservoirs, lakes, 
and pumped ground water from the saturated zone). Nearly 80 
percent of all blue water used currently by humans goes for 
irrigated areas; highlighting the need for focus on irrigated 
croplands and their water use. 
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The greatest difficulty and differences in cropland estimates is in 
differentiating between rainfed croplands versus irrigated 
croplands. This is also the most crucial difference because water 
use assessments and food production estimates depend heavily on 
whether an area is irrigated or rainfed. The other main causes of 
differences in areas reported in various studies can be attributed to 
(Thenkabail et al., 2009b,c, Dheeravath et al., 2009), but not 
limited to: (a) reporting of large volumes of census data with 
inadequate statistical analysis; (b) subjectivity involved in 
observation-based data collection process; (c) inadequate 
accounting of irrigated areas, especially minor irrigation from 
groundwater, in the national statistics; (d) definition issues involved 
in mapping using remote sensing as well as national statistics; (e) 
difficulties in arriving at precise estimates of area fractions (AFs) 
using remote sensing; (f) difficulties in separating irrigated from 
rainfed croplands; and (g) imagery resolution in remote sensing.  
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ABSTRACT: 
 
Land cover is a critical component of the Earth system, influencing land-atmosphere interactions, greenhouse gas fluxes, ecosystem health, 
and availability of food, fiber, and energy for human populations. Despite 35 years of Landsat observations, there has not been a unified 
global analysis of land-cover trends nor has there been a global assessment of land-cover change at Landsat-like resolution. Following the 
Global Land Surveys (GLS) 1975,1990 and 2000, NASA and USGS jointly support development of GLS-2005 and -2010 -- global 30-m 
spatial resolution data sets based mostly on Landsat data. The GLS-2000, -2005 and the new GLS-2010, which is under development, 
represent a system of global land datasets for monitoring changes on a 5-year interval, paving the way toward continuous global land-cover 
monitoring at Landsat-like resolution in the next decade. The ultimate goal is to develop an ongoing, routine, moderate-resolution global 
record of land-cover changes. 
 
 

1. INTRODUCTION 

Land cover is a critical component of the Earth system, influencing 
land-atmosphere interactions, greenhouse gas fluxes, ecosystem 
health, and availability of food, fiber, and energy for human 
populations. The recent Integrated Global Observations of Land 
(IGOL) theme report calls for the generation of maps documenting 
global land cover at resolutions between 10m and 30m at least 
every five years. Despite 35 years of Landsat observations, there 
has not been a unified global analysis of land-cover trends nor has 
there been a global assessment of land-cover change at Landsat-
like resolution. Following the Global Land Surveys (GLS) -1975, -
1990 and -2000, NASA and USGS jointly support development of 
GLS-2005 and -2010 to produce global 30-m spatial resolution 
data sets for the 2004-2007 and 2009-2010 periods based mostly on 
Landsat data. Going beyond the earlier initiatives, the GLS-2005 
and -2010 together with the previous GLS-2000 establish a solid 
baseline for monitoring changes on a 5-year interval, paving the 
way toward continuous global land-cover monitoring at Landsat-
like resolution in the next decade. 

2. HERITAGE DATA SETS 

In the late 1990’s, NASA’s Scientific Data Purchase Program at 
Stennis Space Center contracted with EarthSat Corporation (now 
MDA Federal) to create a global, orthorectified set of Landsat 
imagery to support mapping of land cover (Tucker et al., 2004). 
This first Landsat GeoCoverTM data set relied on Landsat-4 and 
Landsat-5 Thematic Mapper (TM) data, and was nominally 
centered on 1990, but included imagery from the mid-1980’s to the 
mid-1990’s as required. A complementary data set centered on 
1975 was produced from Landsat Multispectral Scanner (MSS) 
imagery. The 1990-era GeoCoverTM effort was complicated by the 
fact that not all Landsat-5 data resides within the U.S. satellite 
archive at USGS EROS. Since Landsat-5 has no onboard recorder, 

the only source for TM data outside the U.S. cone of reception is 
with the International Cooperator (IC) network. Individual IC 
ground stations supplied Level 1 TM data for the GeoCoverTM 
effort. 

Following the launch of Landsat-7 in 1999, a follow-on initiative 
created GeoCoverTM 2000, a global orthorectified database using 
ETM+ data from the first two years of Landsat-7 operation. In this 
case, all necessary Level 1G data were procured from the USGS 
EROS archive. At the time it was decided that the GeoCoverTM 
2000 data set would be geodetically matched to the 1990 data set in 
order to provide a basis for assessing land cover change from 1990 
to 2000. This did imply, however, that the absolute geodetic 
accuracy was slightly worse than the 1990-era data set. 

Studies conducted by University of Maryland, NASA and by 
MDA Federal Inc. have indicated that while the GeoCoverTM 
product met specified requirements at the block level, individual 
scenes may exhibit geodetic errors considerably greater than 40-
50m. The problem is more acute over mountainous areas or where 
the data sources that made up GTOPO30 were of poor quality. 

Accordingly the GLS-2005 initiative included a reprocessing of the 

existing GeoCoverTM data sets to improve their geodetic accuracy. 

The new, revised GeoCoverTM product incorporated SRTM digital 

topography supplemented with DTED 90-m resolution topography 

in far northern regions outside of SRTM coverage. The NGA 

geodetic control was supplemented with ~500 Landsat-7 DE 

scenes to improve accuracy within blocks. The new product 

improved the geometric properties of the GeoCoverTM suite, and is 

used as a geodetic baseline for the GLS-2010 and other future data 

sets in the GLS series. 
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3. GLS DATA SETS DEVELOPMENT 

The earlier GeoCoverTM products were produced using a single 
sensor, either MSS (GeoCoverTM 1975), TM (GeoCoverTM 1990), 
or ETM+ (GeoCoverTM 2000). In contrast, the GLS-2005 and -
2010 incorporate data from multiple sensors, principally Landsat-5 
TM and Landsat-7 ETM+, but also EO-1 ALI and Terra ASTER. 
In part, this reflects the diversity of moderate-resolution land 
remote sensing satellites currently in orbit. However, this also 
reflects a necessary accommodation of two major deficiencies of 
the current Landsat program: the inability to secure global 
coverage with Landsat-5 TM, and the failure of the Landsat-7 
ETM+ Scan Line Corrector (SLC) mechanism in 2003. Although 
Landsat-7 continues to acquire global coverage, since 2003 ETM+ 
imagery has been afflicted with cross-track, wedge-shaped gaps 
that eliminate 22% of the image area. While USGS EROS has 
implemented techniques to merge (“gap fill”) several ETM+ 
acquisitions from the same season, it was not clear that these 
products would be suitable for rigorous land-cover change analyses 
in regions with rapid land-cover changes, such as agricultural 
lands, and with frequent clouds. Conversely, although Landsat-5 
TM is still in service, it is only acquired via direct downlink to the 
IC to ground receiving stations. The radiometric and geometric 
properties of Landsat-5 TM imagery are inferior compared to 
Landsat-7 ETM+. The GLS-2005 and -2010 initiatives use both 
Landsat-5 and Landsat-7, depending on data availability, cloud 
cover amount and image quality for any given location. 

The GLS approach aims at providing users with one clear image 
during leaf-on conditions for every location of the global land area. 
In total, some 9500 Landsat images are included in the GLS-2005 
and -2010 data sets, each -- an increase compared to the 1990 
GeoCoverTM (~7000 scenes) and the 2000 GeoCoverTM (~8200 
scenes). This reflects inclusion of Antarctica and additional coastal 
and island areas not represented in the earlier GeoCoverTM 
initiatives. All images have been acquired during the 2004-2007 
measurement epoch for GLS-2005 and are being acquired during 
2009-2010 for the GLS-2010. While it is not possible to release 
seasonal coverage for the globe (i.e. multiple images throughout 
the growing season), multiple Landsat-7 and Landsat-5 images are 
released for selected areas in tropics, where it is not generally 
possible to obtain a single cloud-free image during the growing 
season. These additional Landsat-7 ETM+ images are not gap-
filled, but are released individually. 

Deciding which image to include in the final GLS data sets must 
balance several competing factors including: 

 Acquisition date - preference for acquisitions during 
maximum local vegetation greenness (NDVI), proximity 
to the mid-point of the epoch, and proximity to 
GeoCoverTM 2000 acquisition data to support change 
detection. 

 Cloud cover – lower cloud cover scores preferred. 

 Gap-fill coverage – for Landsat-7 images, preference for 
SLC-off pairs that maximize the area coverage obtained 
by gap-filling. 

 Sensor choice – bias for Landsat-7 ETM+ over clear 
regions. 

 Geographic uniformity – preference for adjacent images 
to be acquired from the same time of year. 

During the 2004-2007 measurement period, some 500,000 Landsat 
images have been acquired around the globe. To automate the 
process of scene selection, a tool to optimize scene selection was 
developed -- the Large Area Scene Selection Interface (LASSI) 
(Franks et al., in press). 

The LASSI is an algorithm that balances a user-defined weighting 
system to various parameters that the user wants to consider in 
scene selection. With supplied metadata, LASSI can quickly and 
systematically sort through thousands of scenes to select the best 
overall set to make an area solution. Weightings are relative to each 
of the other parameters and for the GLS data sets some examples of 
the parameters that were used to select the scenes were: NDVI of 
the candidate images, cloud covers scores, difference in acquisition 
dates of the Landsat-7 pairs, difference of acquisition dates and day 
of year of scene neighbors, percent of Landsat-7 gaps filled due to 
scene overlap, preference for selecting scenes acquired in the 
center of the observational time period, and preference for selecting 
scenes that were acquired as close as possible, in date, to the 
corresponding scenes in the previous GeoCoverTM 2000 global data 
set. 

4. GLS PROCESSING 

Although the preferred sensor for GLS data sets is Landsat-7, there 
are many places on the globe where it is impossible to obtain a 
cloud-free composite during the growing season. For example, 
boreal forests have a short green season that is often cloudy, and 
other times of the year are limited by climate and sun angle. To 
increase the chances for cloud-free data, Landsat-5 acquisitions 
were expanded to include campaign ground stations that were 
willing to downlink the data for contribution to the U.S. Landsat 
archive at USGS EROS (normally, these data are archived at 
ground stations and not available to the U.S. archive). While not as 
extensive as a campaign as initially hoped, cooperation with sites in 
Russia, Africa, and Central America has expanded considerably the 
options for GLS scene selection. 

GLS-2005 data have been processed to the highest level of 
accuracy possible, with a targeted relative accuracy of around 30m. 
The quality of the output scenes depends upon the accuracy of the 
two major inputs – geometric control and topography. The 
geometric control is a new global data product, which uses the 
same input data as GeoCoverTM, but has a lower RMS error, under 
30m. From this data, USGS EROS automatically selects ground 
control points (GCPs) for each scene and uses these as ‘truth.’ 

The Landsat-7 ETM+ data that have been used for GLS-2005 are 
missing 22 percent of the scene. The gaps appear as horizontal 
wedges, where the gaps are widest (14 pixels) at the edge of a 
scene with no gap in the center. These wedges occur in regular 
intervals. As mentioned above, this is from the SLC failure in the 
instrument in May 2003. USGS EROS has developed techniques to 
calculate where these gaps are, and which scenes can be combined 
to provide complete, or near-complete, coverage. Due to the 
possibility of time-distance composite pairs, the ‘fill’ scene is 
radiometrically adjusted to match the primary scene. If the scenes 
are acquired with a cycle or two, the radiometric correction needed 
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is minimal. For GLS-2005, we have limited the time-distance to a 
maximum of 3 cycles. 

After the gaps in the primary scene are filled by the auxiliary scene, 
a gap percentage is calculated to determine the success of the gap-
filling. Scenes can be filled up to 100 percent; however, minor gaps 
at the edges of the scenes are possible at lower percentages. For 
GLS-2005, we are limiting the gap-fill percentage to a minimum of 
95 percent. After the gap-filling process, a pixel-based raster 
image, called a ‘gap mask,’ is created, so that the user can 
determine which pixels in the final scene were derived from which 
input scene. More details on GLS processing (Fig. 1) and on the 
accuracy of the produced dataset are available in Gutman et al. 
(2008). 
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Figure 1. Steps of GLS Processing 

In summary, Landsat-5 and Landsat-7 data perform very similarly 
in the absence of clouds. Gap filling procedure works when cloud 
cover is not present to impact both the histogram matching 
procedure and the actual binning of filled pixels. The question is 
which data source is least affected by undesired atmospheric 
effects? Since Landsat-5 data are not systematically acquired, an 
improved compositing procedure with Landsat-7 is considered 
superior. 

CONCLUSION 

The GLS-2005 project paved the way for future international 
activities to provide improved access to moderate-resolution data. 
The ultimate goal is to develop an ongoing, routine, moderate-
resolution global record of land-cover changes. The GLS-2010 
initiative includes a strong international component due to a high 
risk of losing one or both Lansats before the next Landsat (LDCM) 
is launched. Although recent fuel-life projections suggest that 
Landsat-5 and -7 could operate beyond 2011 barring failure of any 
key subsystems, joint international effort under the CEOS Land 
Surface Imaging Constellation is critical to provide the necessary 
coverage, thus setting the stage for a global, integrated, 
international system for moderate-resolution. Finally, as noted 
above, tremendous opportunities exist for integrating multiple 
Landsat-type observatories to achieve daily-weekly coverage 
across broad areas. Sensors, such as the Indian Resourcesat, Terra 
Advanced Spaceborne Thermal Emission and Reflection 
Radiometer (ASTER), Thailand Earth Observing System 
(THEOS), Japanese Advanced Visible and Near Infrared 
Radiometer type (AVNIR), French SPOT-4, China-Brazil Earth 
Resources Satellite (CBERS-2b) and the upcoming ESA Sentinel-2 
missions collectively provide more than enough coverage to 
establish a routine global monitoring capability. However, to date, 
only limited progress has been made through CEOS to open access 
to these data catalogs, and advance data interoperability. 
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ABSTRACT:  
 
There are great advantages in using multi-temporal, multi-spectral and hyperspectral remote sensing data for dynamically and 
macroscopically monitoring widespread land surface. Exercising this advantage, dynamically adaptive regional drought monitoring system 
is established, combined with meteorological and hydrological information based upon actual ground measurements for different regions 
and time domain. First of all, several important factors affecting soil moisture were investigated, as well as the relationship among these 
factors based on the mechanism and process of drought occurring. Then, work was carried out on the establishment of empirical drought 
model using statistical methods based on the drought evaluation factors, and to make dynamic correction and evaluation of the results by 
using soil moisture data based upon actual ground measurements. In order to verify the integrated model of drought proposed in this paper, 
regional integrated model of drought in time scale of ten days was established for Hubei and Hebei province in China. It showed that it is 
feasible to establish dynamic, real time, accurate, and adaptive regional drought monitoring model using remote sensing.  
 
 

1. INTRODUCTION 

China, which is located in the southeast of the mainland of East 
Asia, is the most prominent country affected by typical monsoon 
climate. Drought occurs frequently in China with uneven spatial 
and temporal distribution of precipitation. The sustainable 
development of society and economy is affected seriously by the 
frequent occurrences of drought. Evolving effective measures to 
monitor the drought and to minimize the losses caused by drought 
is the urgent problem in water and agriculture industry. 

Traditional drought monitoring methods based mainly on soil 
moisture measurement of limited ground points is only suitable for 
coarse scale drought monitoring over a wide area, but not for quick 
and accurate monitoring. Remote sensing technology provides rich 
information for drought analysis. Common methods of monitoring 
drought by remote sensing include establishment of a time series of 
vegetation condition index, assessment of soil moisture by 
calculating the ratio of actual evapotranspiration and potential 
evapotranspiration, and establishment of thermal inertia of soil 
moisture model for drought monitoring etc. the methods that either 
involve complexity computation and many parameters or ignore 
the accuracy of hydrological and meteorological information with 
only using remote sensing data cannot achieve the goal of long 
term, dynamic and real time large scale drought monitoring and 
forecasting. 

Due to the effect of a variety of factors, such as solar radiation, 
precipitation, topography and water vapour recycling etc., each 
method of drought monitoring cannot be completely suitable for 
different regions and time scales. With the development of remote 
sensing and geographic information systems technology, it is 
feasible to establish integrated monitoring model suitable for a 
variety of regions and time domains through combining different 

remote sensing indices with the information based upon actual 
ground measurements. In this paper, remote sensing and 
precipitation, as well as soil moisture data based upon actual 
ground measurements are combined to establish integrated drought 
monitor model for different regions and time domains through 
analysing and selecting the appropriate factors, armed to 
reasonably assess the drought situation in a specific area. 

2. ANALYSIS OF FACTORS 

The meaning of drought is a complex phenomenon, and the 
formation and development of its strength go through a process in 
gradual accumulation, which is so slow that it is difficult to detect 
during initial period. Drought can be understood as shortage of 
water supply or imbalance between the demand and supply of 
water. There are many factors affecting the drought, such as soil 
moisture, precipitation, land utilization, evaporation, temperature, 
planting structure, and water supply capacity of water conservation 
projects and so on, in which the precipitation plays a very 
important role, the intensity and duration of drought can be 
reflected by statistical distribution of precipitation. Precipitation 
reflects only water income of an area during a period, water 
demand in different areas or seasons are different. The extent of 
wet and dry conditions does not only depend on precipitation, but 
also relates to other important components in the water balance 
process. 

In the process of water balance, soil moisture, surface heat, and 
surface evapotranspiration are closely related. Net radiation got at 
the earth’s surface is the starting point for a variety of heat 
exchanges, and forms of the energy distribution mainly include 
sensible heat flux for atmospheric warming, latent heat flux for the 
soil (or other underlying surface) warming. Additionally another 
part of the energy, which accounts for a negligible proportion of 
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the total is consumed in the vegetation photosynthesis and biomass 
increasing. 

Surface energy balance equation can be expressed by the following 
formula: 

PHGHLERn +++=  (1) 

Where  Rn= net radiation 

 LE= latent heat flux 

 H= sensible heat flux 

 G= land heat flux 

 PH= biomass energy consumption 

We can see from equation (1), net radiation at the earth’s surface 
after the radiation balance is converted into the formation of soil 
heat flux, sensible heat flux and latent heat flux, while the 
distribution share of them is closed with the soil moisture content. 
Due to the reduction of the water supply to ground vegetation 
cover, plant is stressed by water and will close leaf stomata in order 
to reduce transpiration, thereby lower the distribution of latent heat 
flux. According to the energy balance principle, it will lead to 
increasing of sensible heat flux and soil heat flux, and both of them 
change the temperature of the surrounding environment, further 
leading to increasing the land surface temperature. In contrast, 
because of strong transpiration and ground evaporation, most of the 
energy is used for latent heat consumption, the other two types of 
flux decline, so land surface temperature is reduced accordingly. It 
is obvious that the land surface temperature can be used as an index 
to reflect soil moisture. Vegetation index determines the land 
surface vegetation coverage. Vegetation produces different 
radiation balances under different surface coverages and the 
underlying surface receive different net radiation. Vegetation index 
also determines the information content of soil background and 
vegetation canopy from visible and thermal infrared reflection 
received by a remote sensor. Land surface temperature has a good 
correlation with the soil moisture, and can be used to make more 
accurate evaluation to regional drought only under the same 
conditions of the vegetation index.  

In the above analysis, the rainfall data is obtained by measurement; 
surface temperature and vegetation cover conditions can be 
calculated using remote sensing data. This paper chooses the 
precipitation index and remote sensing index based on NDVI 
(Normalized Difference Vegetation Index) and LST (Land Surface 
Temperature) as the drought evaluation factors. 

3. SELECTION AND EVALUATION OF DROUGHT 
FACTORS 

3.1 SPI (Standardized Precipitation Index) 

There are two drought indices based on precipitation. One relates to 
the details in the various physical processes involved in drought by 
studying the mechanism of drought, such as the PDSI (Palmer 
Drought Severity Index). The physical mechanism of such 
indicators are relatively clear, but the calculation is complicated 
with more demanding information, and some parameters that 

cannot be obtained by experiments, rely only on empirical 
estimates, thereby the calculation accuracy is greatly reduced. The 
other one is used to study the statistical distribution of precipitation, 
in order to reflect the intensity and duration of drought by 
meteorologists. Computation of the indices is simple with available 
data, and they have good space-time adaptability because of not 
involving specific drought mechanism. 

McKee et al. proposed SPI (Standardized Precipitation Index) 
based on precipitation when making the assessment of drought 
conditions in Colorado. The index reflects the intensity and 
duration of drought well. The same drought indicators to reflect the 
different time scales and regional drought conditions is possible, 
and therefore widely used. In calculating the SPI process, firstly the 
total precipitation is fit to probability distribution, and then the 
distribution is converted into the standard normal distribution. 
Finally, the SPI value of each time scale is established to define 
drought levels. 

3.2 TVDI (Temperature-Vegetation Dryness Index) 

In the NDVI-Ts feature space, TVDI (Temperature-Vegetation 
Dryness Index) calculation is as follows: 
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Ts-max = a + b*NDVI 

Ts-min = a’+ b’ *NDVI 

Where,  

Ts-min = minimum of land surface temperature when the NDVI is 
equal to a particular value. 

Ts-max =maximum of land surface temperature when the NDVI is 
equal to a particular value. 

a, b, a’, b’= coefficients of dry side and wet side fitting equation 

The range of TVDI is [0,1], TVDI=1 on the dry side, TVDI=0 on 
the wet side. The greater the value of TVDI, the lower the soil 
moisture, and the higher the level of drought. 

TDVI considers relation and changes between the NDVI and LST. 
From the physical mechanism, it is certainly hysteretic to using 
NDVI as Water Stress Index. Temperature is time-sensitive as 
indicator of water stress, but is apt to be affected by vegetation 
coverage when using temperature method to monitor soil moisture. 
TDVI integrates vegetation indices and surface temperature to 
monitor soil moisture with the ability to composite information of 
visible, near infrared and thermal infrared bands of light, so it has a 
wider range of applicability. 

3.3 VWSI (Vegetation Supply Water Index) 

VWSI (Vegetation Supply Water Index) is defined as follows: 
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VSWI=NDVI/Ts   (3) 

Where NDVI= Normalized vegetation Index 

 Ts= Vegetation canopy temperature 

The greater the VWSI, the more abundant the crop, and vice-versa. 
Under the normal water supply to maintain a certain range at a 
certain growth period, the vegetation canopy temperature follows a 
certain range.  When experiencing drought, due to inadequate 
water supply, vegetation indices will reduce while vegetation 
canopy temperature rise. During drought, VSWI takes into account 
the effects of vegetation reflection on red, near infrared, thermal 
infrared band. This method is easy to realize and good for 
operability, very effective in the case where NDVI value is greater 
than 0.3. 

4. THE ESTABLISHMENT AND IMPLEMENTATION 
OF DROUGHT MODEL 

4.1 Introduction to Experiment 

Based on the drought evaluation factors above, the paper 
establishes empirical drought model using statistical mode to 
enhance the applicability of methods and improve the accuracy of 
soil moisture, drought monitoring, combined with soil moisture 
data based upon actual ground measurements. Hubei province of 
China in late June 2008 was the experimental area to make detailed 
description of the model building process. In addition, the 
examples of Hubei in mid July 2008 and Hubei in late march 2009 
were raised for supplement. 

Hubei province affected by typical monsoon climate is located in 

subtropical zone. Besides the mountain region, the majority of the 

region had subtropical monsoon humid climate with abundant 

rainfall, which decreases from south to north. Drought in the spatial 

and temporal distribution has taken place in the four seasons, 

especially in the autumn. 

The data in the model include remote sensing data and measured 
data in two parts. Remote sensing data with 1-km resolution is 
provided by MODIS (Moderate resolution Imaging 
Spectroradiometer) and measured data in the experiment from all 
the hydrological stations located in various parts of Hubei and 
Hubei provinces. 

1.1 The establishment of a integrated drought index 

The integrated model of drought is as follows: 

DI=P1XRSI+P2XPI (4) 

Where  RSI=Remote sensing Index 

 PI=Precipitation index 

 (P1 P2)= respectively weight coefficient 

 P1+P2=1 

 

Figure 1. Flow Chart of Drought Early Warning Method 
 
There are two problems to resolve for practical integrated model of 
the drought: 1) determining the contribution of parameters in the 
integrated model, right away determining the weight (Pi) of 
parameters. 2) Confirming the contribution significant of 
parameters in the integrated model. In order to determine 
contribution significant of TVDI, SPI in the integrated model, 
correlation coefficient of relative soil moisture and them needed to 
experience significant test. In this model, determination of each 
parameter weight has direct impact on the results. There are many 
methods to determine the weight, such as fixing the weight in the 
light of experience, or credibility of the data, or mathematical 
methods. If a parameter is strongly associated with relative soil 
moisture, the impact weight is also big, and vice versa. If the 
correlation among the various factors is very low, the correlation 
coefficient of factors and relative soil moisture is as reference 
weight to determine whether each factor has significant 
contribution to an integrated drought model and how much they 
contribute.  

NDVI, LST, TVDI, VWSI, SPI and other drought evaluation 
factors are obtained from soil moisture stations of Hubei over ten 
days, and correlation of single factor and relative soil moisture is 
analyzed, detailed as follows: 

R  VSWI VTDI SPI DI 

RSM 0.1439 0.5525 0.4974 0.6227 

Table 1: Correlation of single index and RSM of Hubei in late 
June 2008 (RSM is respect for Relative Soil Moisture) 

As can be seen from the table, correlation of TVDI and relative soil 
moisture is much higher than the one of VWSI and relative soil 
moisture so TVDI is chose as remote sensing index in this model. 
Soil moisture stations NDVIO of which is greater than 0.3 or very 
little analysis and it lead to that the correlation of VWSI and 
relative soil moisture is very low. In order to determine 
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contribution significance of TVDI, SPI in the integrated model the 
correlation coefficient of relative soil moisture and single index 
needs to be tested for significance. When N=47, the degree of 
freedom: f=N-2=45. When α (reliability) = 0.001, its critical 
correlation coefficient: Rα =0.4648, correlation of TVDI and 
relative soil moisture:  

R =0.5525>0.4648 and correlation of SPI and relative soil 
moisture: R =0.4974>0.4648. It shows that all the correlation of 
single index and relative soil moisture has achieved a very 
significant level, so they make a great contribution to the integrated 
model. 

Preliminarily fixing the integrated model for the 10 days as 
follows: 

DI=P1XTVDI+P2XSPI (P1+P2=1) 

When weight coefficient P1 (P2=1- P1) value is from 0 to 1, circular 

correlation of DI (integrated drought index) and relative soil 

moisture in the step of 0.001, then statistic and compare the 

correlation coefficient to confirm the contribution significant of the 

parameters to integrated drought model, finally fix the weight of 

every parameters when P1=0.54 (P2=1- P1=0.46), the correlation 

reach to maximum ( R =0.6227, in the table above). Finally the 

integrated model in the ten days is fixed as follows: 

DI=0.54XTVDI+0.46XSPI  

The correlation of the index composed by the indices and the 
relative soil moisture is significantly higher than the single index. It 
indicates that the combination of parameters will be better to reflect 
the actual situation, achieving the desired results. 

4.3 Retrieve Relative Soil Moisture 

Measured data is required to construct the model integrating remote 
sensing and rainfall information to fix the weight of factors and to 
verify the results and quantify levels of drought. 

In order to retrieve the relative soil moisture, it is necessary to 
establish the statistical relationship model of RSM and DI. Then 
retrieve the RSM of each pixel, classifying the levels of drought 
according to standard for grading the degree of drought. 

There are three common typical mathematical forms used in 
statistical modeling: 

Linear model: y=b0+b1X x 

Exponential model: y= b0+e b1X x 

Logarithmic model: y= b0+b1xln(x) 

Where, x and y are parameters representing the DI and the DI 

RSM, bo, b1 stand for the undetermined coefficients. Select the 

optimal model by comparing the different simulation accuracies. 

Under the same confidence level, the higher correlation coefficient 

of indicator is used to determine goodness of fit. The correlation 

coefficients of DI and the RSM in experimental zone and the fitting 

parameters of various statistical models are in Table 2. 

 

Table 2: Analysis Table of Statistical Model of Three Examples 

According o look up table, know F0.01 (1, 45) +7.235. It is 
obvious that each statistical model in the table above has passed the 
significance level F test with reliability of 0.01. The correlation 
coefficient of linear from of model is better than other forms, so 
that linear model in his ten days is chosen. 

Scatter plot of the liner model is shown in Figure 2: 

 

Figure 2. Scatter plot of DI and RSM in Late June 2008 of 
Hubei 

4.4 Drought Classification  

In this paper, standard for grading the degree of drought stated by 
China Meteorological Administration is adopted. The 
correspondence of RSM and drought levels are shown in table 3, 
divided in 5 grades. 

 

Table 3: Standard for Grading the Degree of Drought 

Drought classification results are as follows: 
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Figure 3. Drought Classification of Hubei in Late June 2008 

The drought models and scatter plots are as follows by analysing 
the data from Hubei province in mid-July 2008 and late March 
2009 by the same method as above. 

 

Figure 4. Scatter plot of DI and RSM in mid-July, 2008 of 
Hubei 

 

Figure 5. Scatter plot of DI and RSM in late March, 2009 of 
Hubei 

 

Figure 6. Drought Classification of Hubei in Mid July 2008 

 

 

Figure 7. Drought Classification of Hubei in Late March 2009 
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5. ACCURACY ASSESSMENT AND ANALYSIS OF 
EXPERIMENTAL RESULTS 

From the scatter plot of RSM and PRSM (predictive value of 
RSM) from Hubei in late June 2008, it is obvious that scatter points 
distribute nearly on both sides of a straight line and show a good 
linear distribution that indicating a good linear model.  

 

Figure 8. Scatter plot of RSM and PRSM in late June, 2008 of 
Hubei 

 

Figure 8. Scatter plot of RSM and PRSM in Mid July, 2008 of 
Hubei 

 

Figure 8. Scatter plot of RSM and PRSM in late March, 2009 of 
Hubei 

With the comparison of RSM and PRSM, error analysis of the 
result was made. The average absolute error is 0.09711, while the 

average relative error is 0.17597. From a single station, the 
absolute error ranges from 0.00021 to 0.35137, the relative error 
mainly ranges from 0.00031 to 0.36156, relative error of few 
stations (5) ranges from 0.40543 to 0.89933. 

As can be seen, the smaller the error of model inversion, better the 
fitting precision of the regression model.  The formation and 
impact of the clouds bring big errors into image data at some 
stations. 

At the same time, historical data show that the rainfall in most parts 
of the province during the ten days is less than normal, and spatial 
distribution of precipitation is uneven that in the south is less than 
in the north. It shows that RSM of 20 cm across the province has a 
general decline on June 28, except 90% for Yunxi. Zigui, Suizhou, 
Wuhan, Yicheng, Xiangyang, Gokseong are respectively only 
60%, 61%, 62%, 66%, 67%, soil moisture is low, there are signs of 
drought; other sites have 70%~90%, soil moisture which is 
appropriate. Soil moisture of north-western parts of Hubei is low, 
as well as northern Jianghan Plain; light dry appeared in some 
areas. 

There was abundant rainfall in Hubei Province in July 2008. 
Drought situation of some areas have reduced and RSM of all areas 
shows the area is suitable for the growth of crops. Due to the lack 
of effective rainfall in most areas of Hebei Province after March 
2009, the drought of central and southern areas is serious. From the 
experimental results, detection is consistent with the reality. 

In summary, drought monitoring results reflected by the integrated 
model for drought estimation are consistent with the actual 
situation, so it is feasible to use the method to monitor regional 
drought situation. 

CONCLUSION 

In the paper, study on drought monitoring by integrating remote 
sensing data and measured data from the mechanism of drought 
was studied. Choice of   evaluation-factors for establishment of 
drought model were studied to achieve the simple, timely and 
accurate, drought monitoring. This can provide a new way for 
large-scale, real time, dynamic and automated early warning of 
drought by integrating remote sensing and no-remote sensing 
index. The next step will further improve the model, such as bring 
in other drought evaluation factors, to enhance the adaptability of 
the model, and improve accuracy by using more experimental data. 
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ABSTRACT:  
 
The Northeastern Region of India is expected to be highly prone to the consequences to climate change because of its geo-ecological 
fragility, strategic location vis-à-vis the eastern Himalayan landscape and international borders, its trans-boundary river basins and its 
inherent socio-economic instabilities. Environmental security and sustainability of the region are and will be greatly challenged by these 
impacts. The region fall under high rainfall zone with subtropical type of climate. Still, under influence of global climate change even  high 
rainfall areas are facing drought like situations in the current years. Droughts and floods are the adverse climatic conditions arising out of 
deficit and excess rainfall, respectively. Drought assumes significance mainly in rainfed conditions like in North East India. Unprecedented 
drought like situation affected very adversely the whole NER in recent years. Special reference may be made for the year 2005, 2006, 
2009. Floods are equally devastating in the region. The increasing melting of glaciers in Himalayas are great concern for the region. In the 
absence of scientific data about the vulnerability of the region to climate change, conservation agriculture, afforestaion, rain water 
harvesting, efficient use of inputs, following proper agro-techniques for management of drought are some of the management options that 
needs to be immediately popularized among the farming communities to mitigate the impact of climate change. 
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1. NORTH EAST INDIA-A NATURE’S GIFT 

The North Eastern Region (NER) comprises of the states of 
Arunachal Pradesh, Assam, Manipur, Nagaland, Mizoram, Sikkim 
and Tripura. The region stretches between 21o50’ and 29o34’ N 
latitude and 85o34’ and 97o50’ E longitude. The region has a 
population of 39 m and geographical area of 26.2 million hectare, 
which is 3.85% and 8% of the population and area of the country, 
respectively. Assam is situated in the center and hill states (except 
Sikkim) are situated around it. Out of the total geographical area 
28.3% has an elevation more than 1200 m, 17.9% between 600 and 
1200 m and about 10.8% between 300 m and 600 m above mean 
sea level. The hilly areas of the region are sparsely populated (63 
people/km2) compared to plains (369/km2). Assam has 68.2% of 
the total population against an area of 29.9% of the region. The 
region has about 72% area under hilly ecosystems. The region has 
inaccessible terrain, fragility, marginality, excessive sloping land 
with rolling topography, rich biodiversity, unique ethnicity and 
socio-ecological set up. The NE region received high rainfall and 
therefore clothed with diverse and dense vegetation. Beyond the 
transitional pre-glacial region with increasing altitude, there 
appears the greater Himalayan region devoid of significant 
vegetative cover. Rocky surface, alpine vegetation and 
snowcapped high peaks dominate the physical landscape of this 
area. The altitudinal pattern of north east varies from place to place. 
The plains mainly comprises of Brahmaputra and Barak valleys. 
The adjoining areas of Barak rivers are active flood plains with 
marshy lands subjected to extreme annual inundation. The Manipur 
basin has an area of 1,853 km2. The Tripura plains have an area of 
3500 m2 and has land features of erosive nature. 

The region has about 60% area under forest with Arunachal 
Pradesh having about 80% of its area under different kinds of 
forest, while Assam has the minimum percentage of forest area 
(30%). The varied physiological features and altitudinal differences 
gives rise to varied types of climate ranging from near tropical to 
temperate and alpine. The annual rainfall in the region is received 
mainly from south-west monsoon from middle of May and 
continue till October. On an average, the NE region receives about 
2450 mm of rainfall. The Cherrapunji-Mawsynram range receives 
rainfall as high as 11,500 mm, annually. The region shows great 
variation in temperature regime too. The temperature varies from 
15oC to 32oC in summer and 0 to 26oC in winter.The NE region is 
very rich in biodiversity and harbours the largest number of 
endemics and species then anywhere in the country. Of the total 
17000 flowering plants of the country, about 5000 species is found 
in NE region. The distribution of various species has been 
restricted due to topographical features, deep valleys, slopes and 
river system. The agricultural practices of the region are broadly of 
two types, viz., (i) settled cultivation practiced in plains, valleys, 
foot hills and terraced slopes and (ii) shifting cultivation in hilly 
areas of all the states with the exception of Sikkim, where settled 
cultivation is practiced on terraces. Agricultural operations are 
carried out up to 3600 m altitude and on slopes up to 60%. 
Cropping system in the region is predominantly rice based except 
Sikkim, where maize based systems are dominant. More than 80% 
of gross crop area is under food grains and rice occupies 89.8% of 
the total food grain area and 93.2% of the total food grain 
production. The agriculture in the region is mainly at subsistence 
level. The region as a whole is having a deficit of 1.6 mt of food 
grains. The cropping intensity in the region is 120%. The low 
cropping intensity is mainly due to lack of irrigation facilities and 
insufficient soil moisture during winter.  
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The highly biodiverse but fragile mountain ecosystems of North 
East India have diverse vegetation types encompassing from the 
subtropical, submontanne, montanne, subalpine to alpine systems. 
North East India is nestled in the globally recognized biodiversity 
hotspot and an ecoregion and renowned for its high species 
diversity and endemism. It is also recognized as one of the centres 
of origin of cultivated plants. The dependence of the population on 
forest's resources is high which provides livelihood to more than 
225 tribal groups native to the region. 

2. WEATHER ANALYSIS OF NORTH EAST INDIA 

The North Eastern Region (NER) of India, by virtue of receipt of 
heavy rainfall, falls in low rainfall variability category and it ranges 
from 8-15%. For the North Eastern states of India, the normal 
annual rainfall ranges from 200-300 cm. Green vegetation, big 
water bodies and the nature’s beauties and mega-biodiversity are 
the attraction of the NER. The rainfall pattern of Umiam, 
Meghalaya has been analyzed using ‘Ranking order method’ 
(Doorenbos and Pruitt, 1984). The main finding was that rainfall is, 
more or less, normally distributed. 

Of late, the region is loosing its nature’s gifted fame. In high 
rainfall areas distribution of rainfall is of more concern as 
compared to its amount received. Erratic nature of rainfall, its 
intensity and frequency often make crop planning a difficult task in 
rainfed areas. The world highest rainfall area 
Mawsinram/Cherrapunjee also falls within the region.  

2.1 Rainfall Analysis  

The Fig.1 depicts the annual rainfall distribution pattern of Umiam, 
Meghalaya, India for the period of 27years (1983-2009). It 
indicates that the mean annual rainfall was less than normal mean 
(2400mm) during the year 1985, 1990, 1994, 1996, 1998 and 2006. 
The most deficit rainfall year was 1998 in which annual rainfall 

was 1779.8mm. The most excess annual rainfall was 3360.2mm 
during the year 1988 followed by 2007 (3096.9mm) and 1989 
(2903.0mm).  During the year 1983-89 and 1999-2002, the rainfall 
trend was same whereas, during 1993-99 and 2006-09 has shown a 
significant erratic nature in the annual rainfall.  

The Fig.2 indicates that the monsoon rainfall (June-September) 
distribution trend for the period of 27 years (1983-2009). It has 
significantly shown a drastic rise in monsoon rainfall from the year 
2001. During 1983-2000, the mean monsoon rainfall was far below 
of 1000mm except the year 1991(1154.7mm). The monsoon 
rainfall significantly increased during the year 2001-09 up to 
1102.6 to 1937.7mm. It indicates that the monsoon rainfall has 
shifted to post monsoon season. 

Under influence of global climate change even  high rainfall areas 
are facing drought like situations in the current years and the 
reverse i.e. flood is frequenting mostly in low rainfall areas like 
Maharashtra, Gujarat etc. Droughts and floods are the adverse 
climatic conditions arising out of deficit and excess rainfall, 
respectively. Drought assumes significance mainly in rainfed 
conditions. Unprecedented drought like situation affected very 
adversely the whole NER in general and Assam in particular 
during 2006. According to India Meteorological Department 
(IMD) a high-pressure area over the region occurs when there is a 
low-pressure system over the Bay of Bengal and a typhoon also 
exists over the South China Sea. This was exactly the situation 
observed in 2006. In 2006, the anti-cyclonic system - that is high-
pressure system over the Eastern Tibet was visible on the far west 
of its normal position causing less rainfall in the NER of India. 
According to IMD records, the amount of rainfall received by the 
NER in 2006 monsoon season stands to be the scantiest for a 
period of 25 years, since 1982. Out of seven NE states, Assam 
seems to have suffered most from this deficit rainfall and high 
temperature prevailed in 2006 monsoon season. 
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Figure 1. Annual Rainfall Distribution Pattern at Barapani Over the Last 27 Years (1983-2009) 
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Figure 2. Monsoon Rainfall Distribution Pattern at Barapani over the Last 27 Years (1983-2009) 
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Excess (+) / Deficiency (-) State 

2005 2006 
Assam & Meghalaya -23% -32% 
Arunachal Normal -25% 
Nagaland -22% -25% 
Manipur -22% -25% 
Mizoram -22% -25% 
Tripura -22% -25% 

Table 1:  Amount of Deficit Rainfall Recorded in North East 

Source: IMD, Guwahati, India 

Worst is the situation in 2009 (upto end July). Most of the NE 
states are affected by drought like situation. Manipur, Nagaland, 
Meghalaya witnessed severe meteorological drought. Other states 
have recorded moderate drought. Till July, 20, 2009 Manipur 
recorded 67 % rainfall deficiency followed by Nagaland (-63), 
Meghalaya (-56), Assam (-34),  

Mizoram (-32), Tripura (-31) and Arunachal Pradesh (-29). Assam 
- Meghalaya Division has recorded a deficit of 45% this year 
compared to 32 % in 1986 making it highest rainfall deficit year in 
last three decades (Times of India, 22 July, 2009). Arunachal 
Pradesh (6 districts), Assam (3 districts), Nagaland and Sikkim (1 
district in each) remained very severely affected by Drought, which 
has received less than 55 mm of rainfall in consecutive 4 previous 
weeks (NESAC, 2009). This has severely affected the transplanting 
and sowing of rice in the drought affected areas. Between 1991 and 
2000, only four years saw normal or above normal rainfall in NER. 
Conventionally it becomes difficult to complete agricultural 
operations due to heavy and continuous showers. Coupled with this 
scorching heat is further aggravating the situation. But this time, 
one can see crack (small to medium size) in low land, dried crops 
in upland even in the wettest month of July in the region. In the 
absence of a organized water resources and irrigation plan, the 
region is in threat for complete or partial crop loss. One living in 
Shillong at this point of time hardly believes such adversities of 
weather in the region. Rice is the predominant crop of the region 
(occupies about 84 % of cultivated area). The total area affected by 
agricultural drought during south-west monsoon period constitute 
about 40% of the NER geographical area and 39% of rice 
cultivated area. In other words NEW will suffer about 25 % 
reduction in rice production during 2009-10 and may have to 
import about 24 lakh tons of additional food grain to compensate 
loss. 

The weather this time would have a disastrous impact on the 
agriculture sector of the State. The dry spell has left a significant 
number of the farmland in NER without any tilling activities even 
upto the first week of August. Due to absence of operational 
irrigation facilities the farmers faced a totally disastrous condition 
due to lack of inadequate rainfall for paddy cultivation that 
otherwise face perennial problem of flood during the monsoon 
season. Estimate of crop (Rice) production loss in Assam has been 
fixed around 15-20%. This weather condition has also posed a 

serious threat to the tea and fish sectors. The situation would lead to 
early closure of the plucking season this time. Crop failure due to a 
severe drought in previous years left many families penniless and 
the situation was not likely to improve this year too owing to a 
delayed and weak monsoon. 

 
Figure 3. Drought Scenario in North East India 

(Source: NESAC, Shillong, India) 
Drought conditions prevailing in almost all the fish farming areas 
have adversely affected rearing of fish. The issue attracting a lot of 
concern is the condition of available fish seed and the prospect of 
their survival. ‘Carried over seed’ is the source for farmers to rear 
the next season’s fish. Low water levels in beels (natural 
landlocked water bodies), ponds and rivers, accompanied by high 
temperature inhibits fish breeding, a phenomenon more 
pronounced in shallow water bodies. Son beel (Karimganj, Assam) 
case may be referred here for current drought situation. Soaring 
temperatures lowered the biological oxygen demand (BOD) in 
ponds, beels and man made tanks, which hampered the growth of 
fish. Reduced fish population in the beels located in forests could 
have an impact on the migratory bird population that flocks to the 
protected areas every winter. The pine, the naturally dominated tree 
species in mid-altitudes are encroaches upon by another tree 
species Schima walchii,climatic consequences of which needs to be 
thoroughly evaluated. 

2.2 Climate Change and Northeast India – Some Recent  
Evidences 

The northeast Indian region of India is expected to be highly prone 
to the consequences to climate change because of its geo-
ecological fragility, strategic location vis-à-vis the eastern 
Himalayan landscape and international borders, its trans-boundary 
river basins and its inherent socio-economic instabilities. 
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Environmental security and sustainability of the region are and will 
be greatly challenged by these impacts.  

The impacts of climate change on regions like northeast India are 
less explored and less known till now making the future scenarios 
more uncertain for vulnerability assessment and risk management. 
However, certain indicators point to impacts being already visible 
in the region.  

Studies on rainfall and the temperature regimes of northeast India 
indicate that there is no significant trend in rainfall for the region as 
a whole i.e. rainfall is neither increasing nor decreasing appreciably 
for the region as a whole (Das and Goswami, 2003; Das, 2004). 
However, for a part of the region that the meteorologists of the 
country officially refer to as the ‘South Assam Meteorological 
Subdivision’(that covers mainly the hill states of Nagaland, 
Manipur, Mizoram and Tripura and parts of the Barail Hills in 
southern Assam), a significant change in seasonal rainfall has been 
observed. The summer monsoon rainfall is found to be decreasing 
over this region significantly during the last century at an 
approximate rate of 11 mm per decade (Das 2004, Mirza et al., 
1998).  

The predicted increase in the precipitation in the forest areas in the 
Indian subcontinent is higher than that of the non-forest area. 
Climate models predict 2.0 -3.50 C increase in temperature and 250 
– 500 mm increase in precipitation in the North Eastern region. 
Increase in rainfall may not have significant impact on the forest 
areas of North East which are already experiencing high rainfall 
but change in temperature regime may cause severe impact and 
significant changes.  

Analysis of long-term temperature data for the region points to a 
distinctly rising trend in surface air temperatures. The annual mean 
maximum temperatures in the region are rising at the rate of 
+0.11°C per decade. The annual mean temperatures are also 
increasing at a rate of 0.04°C per decade in the region (Das 2004). 
This may well be a manifestation of the regional impact of global 
warming/climate change. However, more rigorous study needs to 
be done at regional scale before anything can be said conclusively.  

Several districts of Assam were badly affected due to drought like 
situations consecutively for two years in 2005 and 2006 which had 
a signature of climate change on them as vindicated by the IPCC 
report of 2007(IPCC, 2007). In the intense drought-like conditions 
that prevailed in as many as 15 districts of Assam during the 
summer monsoon months of the year 2006 owing mainly to below 
normal (nearly 40%) rainfall in the region, more than 75% of the 
26 million people associated with livelihoods related to agriculture 
in these districts were affected and the state suffered a loss of more 
than 100 crores due to crop failure and other peripheral affects. 
Other states of the region also received rainfall 30 – 40 % below 
their normal rainfall except Mizoram. Normally such fluctuations 
are considered as results of inter-annual variability of the 
monsoons, but then climate change impacts are supposed to affect 
the southwest monsoon also by increasing the normal mode of its 
variability.  

The year 2005 saw prolonged dry periods in Mizoram with many 
springs and streams drying up accompanied by large scale 
landslides (ICIMOD, 2008). Rainfall occurring earlier or later has 
adversely affected sowing and harvesting of crops, harvestable 
grains have been damaged. Moreover, there are reports that natural 
wetlands are shrinking in many parts of the region. Some ecologists 
have informed about appearance of more number of invasive 
species and changes in their distribution pattern in the region. Some 
have reported more number of diseases and pests in citrus species. 
One significant impact which many plant scientists agree to is the 
change taking place in the phenological phases in plants (ICIMOD, 
2008).  

2.3 Water and Climate Induced Hazards: Concerns  
for NE India  

As a result of global warming and climate change, glaciers in the 
Himalayas are retreating at an average rate of 15 meter per year, 
consistent with the rapid warming recorded at Himalayan climate 
stations since the 1970s. In the Himalayan region alone 67% of the 
glaciers have retreated in the past decade, e.g. the Gangotri glacier 
has been receding at a rate of 28 meter per year. Under a warming 
environment the Himalayan glaciers are expected to melt faster 
leading to increased summer flows and flooding initially for a few 
decades followed by progressive reduction in flow as the river-
feeding glaciers recede and disappear from the headstreams. 
Widespread water scarcity in the river basins like those of the 
Indus, the Ganga and the Brahmaputra is a serious consequence on 
the cards. Moreover, in case of glacier-fed rivers, glacial-melt 
runoff is seen to augment winter flow in the lean season. With 
glacial contribution deceasing over the years, in future lean season 
flow will decrease and water stress will increase in the 
Brahmaputra basin where large populations depend on agriculture 
for livelihoods. Glacial retreat in the Himalayas may lead to serious 
alterations in the hydrological regime of the Brahmaputra river 
system as the mainstream of the Brahmaputra (known as the 
Yarlung Jhangbo in Tibet, China) and some of its tributaries like 
the Subansiri and the Jia-Bharali are partly fed by snow-melt run-
off. Projected increase in rainfall and accelerated summer flows 
may give rise to more intense flooding and flood hazards, but 
consequent retreat of glaciers may reduce flows in the long run 
(Das, 2009).  

Extreme precipitation events (heavy rain storm, cloud burst) may 
have their own impacts on the fragile geomorphology of the 
Himalayan part of the Brahmaputra basin causing more widespread 
landslides and soil erosion. The response of hydrologic systems, 
erosion processes, and sedimentation in the Himalayan river basins 
could alter significantly due to climate change. Two extremely 
intense cloud bursts of unprecedented intensity- one in the western 
Meghalaya hills and Western Arunachal Pradesh in 2004 produced 
two devastating flash floods in the Goalpara and Sonitpur districts 
of Assam bordering Meghalaya and Arunachal respectively 
causing hundreds of deaths and enormous loss to the animals and 
agriculture.  

The most recent examples of such flash floods originating from 
extreme rainfall are two events that occurred in the north bank of 
the Brahmaputra River and caused significant damage to human 
life and property. The first of the two events occurred during the 
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monsoon season on June 14th, 2008 due to heavy rainfall on the 
hills of Arunachal Pradesh north of Lakhimpur District causing 
flash floods in the rivers of Ranganadi, Singara, Dikrong and 
Kakoi that killed at least 20 people and inundated more than 50 
villages leading to displacement of more than 10,000 people. The 
other that occurred in the post monsoon season on October 26 
affected a long strip of area of northern Assam valley adjoining 
foothills of Bhutan and Arunachal Pradesh causing flash flooding 
in four major rivers (all are tributaries of the river Brahmaputra) 
and a number of smaller rivers. This episode of flash floods caused 
by heavy downpour originated from the Tropical Depression 
‘Rashmi’, (a depression over the West Central Bay of Bengal 
adjoining Andhra coast) and affected mainly the catchments of the 
rivers Puthimari (Assam-Bhutan border), Jia-Bharali (Assam-
Arunachal Border), Ranganadi (Assam-Arunachal Border), and the 
Subansiri (Assam-Arunachal Border).  

The southern part of Nagaon district in central Assam valley and 
adjoining parts of Karbi Anglong form a rain-shadow zone where 
annual rainfall is as low as 800-1200 mm. Water scarcities are a 
potential constraint for the people living in this rainshadow zone 
and absence of effective irrigation systems or water harvesting 
practices adds to the vulnerability of the people. But what is of 
immediate concern is that rainfall in this zone is decreasing slowly 
as found in Lumding where rainfall is on the decline at a rate of 
2.15 mm per year (Das, 2004). As a result water crisis might 
aggravate in this region in the coming years.  

Floods have caused mayhem in the region, especially in Assam, 
every year causing tremendous loss to crops, infrastructure, 
economy, livelihoods and lives of the people. During the period of 
45 years between 1953 and 2004, the seven states of the region 
suffered together a loss of about 2 billion rupees due to flood 
damage to crops, houses and public utility while 1.25 million 
hectares of land were affected due to floods. In some years floods 
have affected more than 3.8 million hectares of Assam’s total area 
of 7.8 million hectares (WB, 2007). Floods inundate at least 2,000 
villages every year in addition to destroying other infrastructure. 
The problem is further exacerbated by riverbank erosion, which 
destroys about 8,000 hectares of riparian land along the 
Brahmaputra annually. Vast areas in the region have been affected 
by erosion e.g. 1 million hectares in Assam; 815,000 hectares in 
Meghalaya; 508,000 hectares in Nagaland; 108,000 hectares in 
Tripura; and 14,000 hectares in Manipur (Venkatachary et al., 
2001).  

3. SOME MANAGEMENT OPTIONS TO MITIGATE 
CLIMATE CHANGE 

In the wake of such a shift in climate in the region, there is a urgent 
need for reassessment of the agricultural practices. The foremost 
important thing i.e., afforestation programme should be taken up by 
the community, Institutes, NGOs, schools and Governments. The 
agricultural practices that conserves natural resources and has the 
advantage to delay effect of stress should be given importance and 
necessary policy or subsidy may be encouraged. Some of the 
resource conserving technology suitable for the region are- 

 Minimum tillage or zero tillage with residue cover in 
surface for improving soil quality and conserving soil 
moisture. 

 Cover cropping, in-situ residue management and 
restoration of degraded lands for soil moisture 
conservation and improved C-sequestration. 

 Agroforestry with multipurpose trees, crops and animal 
components for improving hydrology. 

 Integrated farming systems and watershed development 
with animal, fishery and hedge row cropping for soil and 
moisture conservation and nutrient recycling. 

 Screening short duration varieties for their drought 
resistance.  

 Popularization of technologies like system of rice 
cultivation (SRI) and aerobic rice cultivation for water 
saving and mitigation of green house gas (GHG) 
emission. 

 Rain water harvesting: in-situ (land configuration, 
mulching etc.) and ex-situ (Ponds, micro water 
harvesting structure -jalkund etc). 

 In-situ biomass management in shifting cultivation 
(cover about 1.6 million hectare in NER) instead of 
biomass burning to reduce CO2 emission and improve 
hydrology. 

 Promotion of technologies that enhance biological N-
fixation and improve nutrient and water use efficiency to 
reduce N2O emission and dependence on non-renewable 
energy. 

 Change in planting dates and crop varieties are another 
adaptipe measure to reduce impacts of climate change to 
some extent. For example, the Indian Agricultural 
Research Institute study indicates that losses in wheat 
production in future can be reduced from 4 – 5 million 
tons to 1 – 2 million tons if a large percentage of farmers 
could change to timely planting and changed to better 
adapted varieties.  

 In Nrth East India with the shift in rainfall pattern and 
rise in temperaute it is important to relook at the present 
date of sowing and varieties. An example of this is that 
at mid-altitude of Meghalaya (950 m ASL), where it was 
not possible to grow a second crop of rice after kharif 
(rainy season) rice due to early onset of winter, presently 
double cropping is possible at least at the experimental 
field with the adjustment of sowing dates and varieties. 

Many of the strategy/conservation agriculture practices mentioned 
here are proven and well tested for enhancing productivity and 
resource efficiency but could also be mitigation and adaptive 
strategies to combat climate change. What is needed is the more 
data generation through intensive research and their adoption at 
farm level with proper extension and support policies. 
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ABSTRACT:  
 
Climate variability and occurrence of extreme weather events are the major concerns linked to global warming. In this paper past 40 years 
data of all IMD observatories in Gujarat state of India has been analyzed. Moving averages of Maximum Temperature during summer 
season and minimum temperature during winter season have been analysed and a significant increasing trend has been observed. Similarly 
for rainfall, some significant results have been obtained. There was a significant trend in case of various extreme weather events like cold 
wave conditions, heat wave conditions and heavy rainfall instances. In addition to above IMD’s gridded data for Gujarat state for 
Maximum, Minimum and Mean temperature showed a significant steady increasing trend in the past 40 years. 
 
 

                                                                 
∗ kamaljit_ray@rediffmail.com 

1. INTRODUCTION 

Meteorological data compiled over the past century suggests that 
the earth is warming, but there are significant differences at 
regional level (Rupa Kumar, 2003). Most of the studies during the 
last four decades have clearly pointed out that the monsoon rainfall 
is trend less, particularly on an all India Scale (Parthasarthy, 1984), 
but Rupa Kumar et al (1992) have shown regional monsoon 
rainfall trends in the past century. Rupa Kumar et al. (1994) also 
showed that there was an asymmetry in the temperature trends in 
terms of daytime and night time temperatures over India. The 
observed warming was predominantly due to an increase in 
maximum temperature, while the minimum temperature remained 
practically constant during the past century. In this study the results 
obtained for Gujarat State showed a significant increase in 
minimum temperature during winter season as compared to day 
temperatures in summer. The increase in night temperatures was 
found to be significant enough to have lowered the cold wave 
conditions during winters for most of the districts. Dhorde et al 
(2009) also found out that some of the metropolitan cities in India 
recorded significant increase in minimum temperature during 
winter. Hingane et al. (1895) had prepared an all-India mean series 
of seasonal and annual surface air temperature for a long term trend 
studies, using data for 1901-82. The analysis indicates a significant 
warming of 0.4°C per hundred years in mean annual temperatures 
of the country as a whole. There are large areas showing significant 
warming trends along the west coast and adjoining areas. Another 
study by Srivastava et al. (1992) on decadal trends of temperature 
over India also confirms the increasing temperature trends in India. 
They have shown that 1901-1940 was the cooler regime whereas 
there was a warmer regime from the end of 5th decade (1940-1950) 
to (1980—1990).In this paper ,attempt has been made to study the 
variability in various temperature parameters for various 
observatories of Gujarat and compare the results with the gridded 
temperature prepared by IMD fro 1965 to 2005. Seasonal rainfall 
data has also been analyzed during the above period for various 
observatories. Extreme weather conditions like heat wave 

conditions, cold wave conditions and heavy rainfall instances in the 
past 40 years have also been studied decade wise. 

2. DATA AND METHODOLOGY 

2.1 Study Area 

Gujarat is in the extreme West of India (Figure 1). It has tropical 
climate, namely sub humid, arid and semi arid spread over different 
region of the state. North Gujarat region comprising of Kutch, part 
of Banaskantha, Mehsana and North Western part of Saurashtra 
have arid climate while the South Gujarat sub humid climate and in 
the rest of the state, semi arid climate. Temperature varies from 6 to 
450Celsius.Annual rainfall varies from 250 mm in the North West 
and to more than1500 mm in South Gujarat. Out of 225 talukas, 56 
talukas are drought prone. 

 

Figure 1. Map of Gujarat State of India 
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2.2 Data Used  

Daily Maximum temperature, daily minimum temperature and 
rainfall data for 18 full time and part time IMD observatories of 
Gujarat state of India, for the period 1965-2008 has been utilized 
for the analysis. Gridded data for Gujarat state, prepared by IMD 
for the period 1965-2005 has also been utilized.  

2.3 Analysis  

Thirty years and ten years moving normals at one-year gap have 
been calculated for all parameters in order obtain the climatological 
rise in the past forty years. Extreme Weather conditions have been 
computed season wise using the following definitions. 

 Heat wave in summer: Monthly Average of Maximum 
Temperature (40 years) +5ºC 

 Cold wave in winter: Monthly Average of Minimum 
Temperature (40 Years) -5ºC 

 Heavy Rainfall: >70 mm 

3. RESULT AND DISCUSSIONS 

3.1 Minimum Temperature 

30 years moving averages of mean minimum temperature during 
winter season (November, December, January, February) have 
been prepared for the various IMD observatories of Gujarat state. 
Most of the observatories showed a steady increasing trend in mean 
minimum temperature during winter season..  The normals were 
seen to increase by 1.2°C in Bhuj, followed by 0.7°C in Veraval 
and Bhavnagar, 0.6 °C in Naliya and 0.5°C in Rajkot (Fig 2). The 
rise of temperature normals was steady and highly linear.The 
averages were more or less stable in, Okha and Ahmedabad and 
decrease of 0.3 °C was noticed in Deesa. The instances of cold 
wave were seen to be highest in Bhuj in the past 40 years (412) i.e. 
on an average 10 per year (Table 1). The maximum number of cold 
waves was recorded in the month of February for all places and -
0.2°C was the lowest temperature in the state recorded in Bhuj on 
28th Jan 1977. The decadal instances of cold wave conditions in 
Bhuj showed a considerable decrease of cold wave conditions in 
the decade 1999-2008. As compared to earlier decades having 
more than 100 cold waves conditions, only 10 cold waves were 
recorded in the last decade. Similarly the cold wave instances over 
Veraval have decreased to less then 10 in the decade 1999-2008 as 
compared to earlier decades, similarly for Bhavnagar, Naliya, 
Rajkot and Baroda.  In general, except for Ahmedabad, Surat and 
Deesa, the cold wave conditions have decreased considerably in 
various districts of Gujarat, thus indicating an increase in night 
temperatures during winters over the state. The IMD gridded data 
of minimum temperature over Gujarat with 1x1 grid intervals have 
also been analyzed for the period 1969-2005 and the results 
showed an increasing trend in the past 40 Years (Fig 3). The 
normals had increased by 0.107ºC. The trend again showed a 
steady increase over the years. In case of moving averages of 10 
years the increase was 0.25 ºC. Analysis was performed for north 
and South Gujarat region separately but not much difference was 
obtained in case of gridded data. In general the temperature rise 
was found to be highest in Saurashtra and Kutch as compared to 
North and central Gujarat region. 

Moving average of mean minimum temperature during 
winter months of Ahmedabad
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Moving averages of mean minimum temperature during winter 
season of Baroda
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Moving averages of mean minimum temperature during 
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Moving Averages of mean minimum temperature during winter season 
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Moving averages of mean minimum temperature during 
winter season of Bhuj
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Figure 2. Station Wise Moving Averages of 10 and 30-year 
Period for Mean Minimum Temperature During Winter Months 

Station\Period 1969-
1978 

1979-
1988 

1989-
1998 

1999-
2008 

Ahmedabad 52 72 35 46 
Baroda 67 47 22 6 
Deesa 60 32 15 47 
Bhuj 146 111 144 10 
Rajkot 95 33 10 21 
Veraval 54 43 21 4 
Naliya 107 33 19 27 
Okha 4 3 4 2 
Surat 48 25 0 62 
Bhavnagar 116 50 8 5 

Table 1: Decadal Frequency of Cold Wave Conditions in 
Selected Stations 
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Figure 3. Variation of Annual Mean Minimum Temperature 
Over Gujarat State Using IMD grid Data 

3.2 Maximum Temperature 

30 years moving averages of mean maximum temperature during 
summer season (March, April, and May) were prepared for various 
observatories placed in Gujarat. The mean maximum temperature 
in summer was found to have increased over Naliya, Okha, 
Veraval and Rajkot and decreased by 1°C over Bhuj (Fig 4). The 
mean maximum temperatures have remained more or less stable in 
Deesa, Baroda, Ahmedabad and Surat in the past 40 years. The rise 

in temperature ranges from 0.2 to 0.4 °C for Saurashtra, where as 
for Gujarat region they were more or less stable. The heat wave 
conditions have increased in the last decade over most of the 
districts as shown in the Table 2, except for, Ahmedabad, Bhuj and 
Okha. The number of heat waves recorded along the coastal 
districts of the state was highest in the last decade as compared to 
earlier three decades. Veraval recorded 72 heat waves in the last 
decade, amounting to an average of 7 heat wave conditions each 
year. Similarly Naliya recorded 52 heat wave conditions in the last 
decade with an average of 5 heat waves each year. 
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Moving averages of mean maximum temperature during summer months of 
Rajkot
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Moving averages of mean maximum temperature during summer months of 
Veraval
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 M ov ing av e rage  of me an maximum te mpe rature  during 
summe r months of Ahme dabad

38.4
38.6
38.8

39
39.2
39.4
39.6

1969-1978

1971-1980

1973-1982

1975-1984

1977-1986

1979-1988

1981-1990

1983-1992

1985-1994

1987-1996

1989-1998

1991-2000

1993-2002

1995-2004

1997-2006

1999-2008

YE AR S

D
EG

10 y ears

30 y ears

 

Moving Averages of mean Maximum Temperature during Summer months of Naliya
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Figures 4. Station Wise Moving Averages of 10 and 30-year 
Period for Mean Maximum Temperature During Summer 
Months 

The heat waves and cold waves had decreased considerably over 
Bhuj in the last decade indicating a general rise in night 
temperatures and fall in day temperatures. The IMD gridded data 
of maximum temperature over Gujarat with 1x1 grid intervals have 
also been analyzed for the period 1969-2005 and the results 
showed an increasing trend in the past 40 Years (Fig 5). The annual 
mean maximum temperature normal were found to have increased 
by 0.11°C.The rise was again very steady and highly linear. The 10 
years moving averages showed an increase of 0.5°C in the past 40 
years. The increase has been stable and significant for both 
maximum and minimum temperature. The analysis was carried out 
for North Gujarat and South Gujarat region separately and same 
trend was observed, with higher increase in Saurashtra and South 
Gujarat region as compared to the other regions. The rise in 
normals of annual mean temperatures over Gujarat state was 
0.07ºC and 10 years averages showed a rise of 0.3ºC(fig 5). 

Station\Period 1969-
1978 

1979-
1988 

1989-
1998 

1999-
2008 

Ahmedabad 20 4 17 13 
Baroda 16 12 9 28 
Deesa 20 5 10 29 
Bhuj 31 27 42 16 
Rajkot 9 1 14 22 
Veraval 53 52 34 72 
Naliya 17 35 30 52 
Okha 5 1 2 1 
Surat 54 43 25 32 

Table 2: Decadal Frequency of Heat Wave Conditions in 
Selected Stations 
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Figure 5. Variation of Annual Mean Maximum and Mean 
Temperature over Gujarat State Using IMD Gridded Data 

3.3 Rainfall 

Seasonal rainfall for all observatories for the 40 years period (1969-
2008) was analyzed. 30 years moving averages of seasonal rainfall 
indicate an increase in rainfall normals for all the stations. 
Maximum rise of seasonal rainfall normals was found to be in 
Saurashtra (Bhavnagar,60mm) and South Gujarat region (Surat 
,100mm) (Fig 6). Year to year variation was found to be highly 
variable for all stations and standard deviations of seasonal rainfall 
over the past 40 years ranged from 250mm to 500mm. Therefore 
the analysis was done for 30 years moving averages only .The 
seasonal rainfall normals varied from 300mm in Bhuj to 1100 mm 
in Surat,.Inspite of high year to year variation and high interstate 
variation the seasonal rainfall normals showed a increasing trend. 
The heavy rainfall events (>70mm) were found to have increased 
in all stations in the last decade as compared to earlier decades 
(Table 3). Surat recoded 106 heavy rainfall days in the past decade. 
In Bhuj , Ahmedabad and Naliya the events had remained more or 
less same.  
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Moving Averages of Seasonal Rainfall for 
Bhavnagar
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Moving Averages of Seasonal Rainfall for Ahmedabad
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Figure 6. Station Wise Moving Averages of 30 Year Period for 
Seasonal Monsoon Rainfall 

Station\Period 1969-
1978 

1979-
1988 

1989-
1998 

1999-
2008 

Ahmedabad 42 39 50 50 
Baroda 21 14 17 34 
Deesa 13 7 21 25 
Bhuj 5 10 12 10 
Rajkot 13 18 15 21 
Veraval 21 27 26 33 
Naliya 10 13 10 11 
Porbandar 16 25 19 22 
Surat 92 88 39 101 
Bhavnagar 13 10 13 17 

Table 3: Decadal Frequency of Heavy Rainfall Events in 
Selected Stations 

CONCLUSION 

 The gridded 30 years moving averages of mean maximum 
temperature over Gujarat state indicate an increase by 
0.11°C in past 40 years (1969-2005). The station wise 
analysis (1969-2008) further indicates that the increase is 
more over Saurashtra region as compared to that of the 
remaining parts.  

 30 years of moving averages of the gridded mean 
minimum temperature over Gujarat state indicate an 
increasing trend with a increase of 0.107ºC in the past 40 
years (1969-2005). The station wise analysis further 
indicates higher increase in night temperature over 
Saurashtra and Kutch as compared to other parts of the 
state. 

 The gridded 30 years moving averages of mean 
temperature over Gujarat state indicate an increase by 
0.07°C in past 40 years (1969-2005). The station wise 
analysis (1969-2008) further indicates that the increase is 
more over Coastal Saurashtra region as compared to that 
of the remaining parts.  

 Cold wave conditions have decreased considerably over 
the past decade indicating an increase in night temperature. 
As compared to an average of 103 cold wave conditions in 
Saurashtra and Kutch region in the decade 1969-1978 ,the 
average cold wave conditions recorded in the past decade 
(1999-2008) were only 13. The rise in normal mean 
minimum temperature during winter season was found to 
0.3ºC as compared to the annual mean minimum rise of 
0.107ºC. The maximum rise in minimum temperature was 
found to be in winter months in comparison to other 
months of the year. 

 Heat wave conditions have increased in southern part of 
the Gujarat, while they have decreased in northern 
parts.Rise was appreciable along Coastal stations of 
Saurashtra. 

 Mean seasonal rainfall has increased over Saurashtra and 
south Gujarat region (along west coast) and has remained 
more or less same over north Gujarat region and adjoining 
Kutch. 

 Rainfall extremes have also increased in the past decade 
for south Gujarat region and Saurashtra. The difference is 
not much in the past 4 decades for north Gujarat and 
Kutch.  

From the above result it is clear that majority of the trends, both 
seasonal as well as annual showed increasing tendency in 
temperature and rainfall during past 40 years. The annual mean 
temperature of Gujarat as a whole has also increased. The rise in 
minimum temperature during winter season was found to be higher 
than the rise in maximum temperature in summer season.  
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ABSTRACT:  

Cotton cultivation in semi-arid region of Indian Punjab provides the full potential to offer livelihood security to millions of marginal and 
small farmers. But the farmers consider it most risky crop as its yield varies with season and prices fluctuate in the market largely. 
Temporally, its production has increased from 176 lakh bales in 1996-97 and an all time record of 280 lakh bales during 2006-07. This 
record production became possible only due to the good weather and introduction of Bt cotton hybrids. The unpredictability of cotton yield 
is a great concern to the cotton industry. Many factors, such as length of the growing season, climate (including solar radiation, 
temperature, light, wind, rainfall, and dew), cultivar, availability of nutrients and soil moisture, pests, and cultural practices affect cotton 
growth. Of these, it is thought that environmental factors exert the major influence on yield development during each season. Temperature 
is considered to be one of the main environmental factors contributing to variable yields in cotton. Till now limited information exists on 
the effects of temperature on Bt cotton growth and yield in this region. To generate such information CropSyst model was used rather than 
field experimentation as the later is not feasible due to difficulty in controlling/ creating variability in weather parameters. The model was 
customized using the data of crop, soil and weather for an experiment conducted on Bt cotton hybrid RCH 134 during 2005 at Bathinda 
and simulations were made for 15 years 1991-2005. From the simulated results, relationships between temperature and duration of total 
crop growth period as well as of phenophases (sowing to flowering, flowering to boll formation and boll formation and maturity) and 
subsequently between duration of phenophases and cotton seed yields were developed. The results indicated that by the increase in 
temperature from 28 to 32 oC cotton seed yield decreased from 4700 to 2300 kg ha-1 following a linear relation with high coefficient of 
determination (0.97) and the reduction was more during sowing to flowering stage than others. Regarding water relationships, real crop 
water productivity was more (10.2 kg mm-1) than apparent (8.8 kg mm-1). 
 
 

                                                                 
∗ anilsood_prsc@rediffmail.com 

1. INTRODUCTION 

In Cotton, the king of fibers, is one of the most important 
commercial cash crops of semi-arid region of Indian Punjab. Its 
cultivation in this region provides the full potential to offer 
livelihood security to millions of farmers.  It is considered as most 
risky crop as its yield varies with the season. Temporally, its  
production  has increased from a merge 28 lakh bales (170 kg 
lint/bale) in 1947-48 to a high of 176 lakh bales in 1996-97 and an 
all time record of 280 lakh bales during 2006-07. This record 
production became possible only due to the favourable weather 
conditions and introduction of Bt cotton hybrids. In future, due to 
global warming temperatures are likely to be increased and may 
influence the cotton seed yield and crop water productivity. At 
present, no study is available that shows the effect of increased 
temperature on phenol- phases and yield of the Bt cotton in this 
region. Generation of such information through field 
experimentation is possible only under controlled environmental 
conditions, which are very expensive. Alternately simulation 
models are the most power tool for such studies to have the 
conclusive results (Jalota et al, 2006). Therefore, the present 
simulation study using CropSyst model was undertaken with the 
objectives to quantify (i) duration of phenol-phases in relation to 
temperature, (ii) yield in relation to duration of phenol-phases and 
(iii) evapotranspiration (ET) and crop water productivity.  

2. METHODOLOGY 

2.1 Site Characteristics 

Field experiments were conducted during kharif, 2005 on Entisols, 
low in organic carbon (0.21%) and nitrogen (41 kg ha-1), medium 
in available phosphorus ( 13.9 kg ha-1) and high in potassium (431 
kg ha-1 ) at PAU Regional Station, Bathinda (Figure 1). Soil 
physical (texture, bulk density and hydraulic conductivity) and 
chemical (pH, EC, OC, ammonical nitrogen and nitrate nitrogen) 
properties of experimental field were determined up to 1.8 m with 
0.15 m soil depth interval following the standard procedures. 
Physical properties of the soil profile showed that below 90 cm 
there is sharp increase in bulk density and decrease in hydraulic 
conductivity in soil layers. The soil texture was loamy sand to sand 
for 0-45 cm of soil depth and thereafter texture changed to silt loam 
up to 165 cm of soil depth of the soil profile. The ground water at 
the experimental site was more than 10 m deep. Daily weather data 
on maximum and minimum temperature, maximum and minimum 
relative humidity, wind speed and rainfall during the crop growth 
period were recorded at meteorological laboratory, situated at the 
experimental site. 
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2.2 Field Experiment 

A pre-sowing irrigation of 100mm was applied on 18April, 2005. 

when water content in surface soil dried to field capacity  field was 

prepared with two discing followed by two plankings and  plots of 

size  m2( m x m) were made. Earthen dikes of 30cm height 

surrounding all plots were made to check run off/gain by irrigation 

or rainwater. Bt cotton (Gossypium hirsutum L.) hybrid RCH 134 

was sown on 23 April, 2005. The crop was sown at a spacing of 

67.5 cm x 90 cm distance. Nitrogen @ 150 kg ha-1 and P2O5 @ 30 

kg ha-1 were applied to the crop. All the phosphorus was applied at 

the time of sowing of the crop, whereas half the nitrogen was 

applied at the time of first irrigation (June 4) and remaining half at 

flowering stage of the crop (September 9). Weeds were controlled 

with pre-emergence application of stomp 30 EC (pendimeethalin) 

@ 2.5 l ha-1. Two sprays of imidachlorpid @ 100 ml ha-1 were 

applied for controlling of sucking pests. Four irrigations of 75mm 

each on June 4, July 18, September 19 and September 30, 2005 

were applied.  Plant phenological stages and climatic factors were 

recorded during the crop season. The crop was harvested on Nov 

11, 2005. 

2.3 Simulation Study 

2.3.1 Description of the CropSyst model: CropSyst model was 

chosen as it is a process based, simple, multi-year, multi-crop, daily 

time step cropping system simulation model and also has already 

been calibrated for periodic biomass, leaf area index and seed 

cotton yield (Figure 2). 
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Figure 2. Comparison of Observed and CropSyst Model 
Simulated Biomass, LAI and Seed Cotton Yield 

The model is designed to study the effect of soil, climate and 
crop/cropping system management on crop productivity and water 
balance (Stockle et al., 1994; Stockle and Nelson, 1999). 
Simulations were made by selecting a location and soil, and 
building crop rotations with management schedule. The location 
parameters included longitude, latitude, weather files and ET 
models. The soil parameters included specification of soil layers, 
thickness, texture, bulk density, cation exchange capacity, pH, 
volumetric water content at water potentials of - 30 kPa (Field 
Capacity) and -1500 kPa (Wilting Point). The management options 
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in the model included cultivar selection, crop rotation, irrigation, 
nitrogen fertilization, tillage operations and residue management. 
The crop file comprised of common set of parameters related to 
classification, growth, morphology and phenology of the crop to 
represent different crops and crop cultivars. Model outputs taken 
were duration of different phenol phases, daily evapotranspiration 
(ET) and seed cotton yield at the end. 

Simulations: Simulations were run for 15 years using the weather 
data of Ludhiana from 1991-2005 to assess the effects temperature 
on phenology, evapotranspiration, yield and crop water 
productivity. Real crop water productivity (RCWP) and apparent 
crop water productivity (ACWP), as reported in the literature 
(Jalota et al., 2006), were estimated as  

RCWP = marketable seed cotton yield/ evapotranspiration, kg m-3 
  (1) 

ACWP = marketable seed cotton yield/ Irrigation water applied, kg 
m-3                                                             (2) 

3. RESULTS 

The yields of five varieties (RCH 134, RCH 317, MRC 6301, 
MRCH 6304, Ankur 651 and Ankur 2534) were simulated with the 
Cropsyst model by inputting the observed data on duration of 
different phenol-phases (Buttar et al, 2007) and harvest index 
(Buttar personal communication) during the year 2005 under field 
conditions. The simulated yield for varying duration of phenol-
phases for these varieties was closer to the observed seed cotton 
yield .The RMSE was only 3.6 per cent., which gave a confidence 
that the model can be used for simulating the effects of temperature 
on duration of phenological phases and cotton seed yield.  

3.1 Relationship Between Duration of Phenophases and 
Temperature  

The simulated results were analyzed for developing quantitative 
relationships between temperature, different phenol-phases and 
cotton seed yield. Cotton is considered as warm season crop and 
optimum temperature for vegetative growth is 21-27°C. The 
simulation results showed that increased temperature beyond 27°C 
decreased the duration of sowing to flowering. For example, the 
duration was of 90 days at 30°C and that was reduced to 66 days at 
36°C temperatures (Figure 3). With every in increase in 
temperature from 30 to 36oC, the decrease in duration of vegetative 
phase was 3.2days °C-1. Though temperature of 25°C stimulate 
flowering (Mauney, 1966) but during flowering to fruiting stage of 
this crop, optimum temperature is 27-32°C (Lenka, 1998). The 
simulation study showed that duration of flowering to boll 
formation stage started decreasing with increase in temperature 
from 29 to33°C. In this temperature range the decrease in duration 
was of 12 days (from 67 to 55 days) indicating decrease in duration 
3 days °C -1. With the increase in temperature during boll formation 
to physiological maturity by just 8oC (from 23 to31°C) the 
decrease in the period was 22 days (from 45 to 22 days) indicating 
decrease in duration 2.9 days °C -1. For cotton crop overall total 
duration is160-170 days but it decreased from 195 days at 28 °C to 
152 days at 32 °C. This indicates that in the range of temperature 

from 28 to 32°C, the decrease in crop duration was 10.7 days oC-1. 
Abrol and Ingram (2006) also reported relatively small change in 
annual temperature in semi-arid regions could markedly decrease 
in yield by reducing dry matter accumulation because of increased 
respiration, reduced photosynthesis and cellular energy. 

 

 

Figure 3.  Simulated Effects of Temperatures on Duration of 
Different Phenophases of Bt Cotton 

3.2 Duration of Crop Growth Stages and Cotton Seed Yield 

The effect of duration of crop stages and cotton seed yield is 
presented in Figure 4.  With decrease in duration during sowing to 
flowering by 14 days (86-72), flowering to boll formation by 9 
days (66-57), boll formation to maturity by 21 days (45-24) and 
sowing to maturity by 45 days (198-153) the cotton seed yield was 
reduced by 236, 140, 116 and 75kg ha-1 day-1, respectively. These 
results are in line with the results of Rosenzweig and Hillel (1998), 
which indicate that with increase in temperature, crop productivity 
is decreased owing to shortened duration of different growth stages 
and subsequently crop growth period  

3.3 Temperature and Crop Water Productivity 

With increase in temperature evaporative demand is increased due 
to increased vapour pressure gradient ( Goyal, 2004). But actual ET 
may decrease due to decreased duration of the crop. In the present 
study with increase in temperature from 28 to 31.8, duration was 
reduced to 43 days and relative ET was reduced to 0.78 (Figure 5). 
Corresponding to the same temperature range relative yield was 
reduced to 0.43. This indicates that both the components of crop 
water productivity are decreased with temperature, but relative 
reduction was more yield component that caused reduction in crop 
water productivity.  
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Figure 4. Simulated Effects of Duration of Different 
Phenophases on Seed Cotton Yield of Bt Cotton 
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Figure 5. Evapotranspiration and Yield of Cotton as Influenced 
by Temperature 

The RCWP and ACWP were 0.362 +0.129 and 0.485+0.120 kg m-

3.  These values are of the same range as indicated by Jalota et al 
(2006) and Zwart et al (2004).  Water productivity based on total 
water supply was 0.120+ 0.049 kg m-3.  

CONCLUSION 

The results of the present study suggest that CropSyst model can be 
used for assessing the effect of cultivars and temperature on 
duration of phenophases and subsequent yield of cotton crop. Crop 
yield decreased with temperature due to decrease in duration of 
pheno-phases and total growth period of the crops. Crop water 
productivity decreased with temperature and the effect is mainly 
through its effect on yield. 
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ABSTRACT:  
 
Field experiments were conducted to study the influence of weather parameters on the incidence of pests and diseases in groundnut for 3 
years i.e. 2004-05, 06-07 and 08-09 during rabi season at Agromet–cell, Agricultural Research Institute, Rajendranagar, Hyderabad. The 
data analyzes were pooled and analyzed statistically with weather parameters using correlation and regression techniques. Correlation 
studies showed significant positive relationship of thrips damage with morning and evening relative humidity, while Spodoptera litura 
damage was positively influenced by evaporation and age of the crop. Leaf spot and rust incidence was mainly influenced by maximum 
temperature, evaporation and age of the crop. The regression equations were developed for groundnut pest and diseases using linear and 
non-linear models. The coefficient of determination (R2) was improved by 6 to 20% when non-linear regression equations were fitted. 
These models after validation will be utilized in issuing of agro advisories in the state. 
 
 

1. INTRODUCTION 

Groundnut is the major oilseed crop grown in India accounting for 
approximately 32% of oil seed area and 39% of oilseed production. 
(Ghenvande and Nanda gopal.1997) and it is cultivated in all the 
three seasons viz., Kharif (monsoon or rainy season), rabi (Post 
rainy winter season) and summer. The Kharif groundnut grown 
during the South west monsoon period across the country is 
generally rainfed. In Southern and South eastern regions of India, 
groundnut is grown during post rainy season as irrigated crop 
(October-March). The productivity of groundnut is quite low (1000 
kg/ha) compared to that of USA (3000 kg/ha), China (2600 Kg/ha), 
Argentina (2100 kg/ha) and Indonesia (1550 kg/ha) (NRCG, 2005). 
The reason for low productivity of groundnut is due to biotic and 
abiotic stresses during crop growth period. Pests and diseases are 
the major biotic stresses affecting yield. Groundnut crop is attacked 
by about 90 species of insects and among them nine are considered 
to be economically important. The key insect pests are red hairy 
caterpillar, tobacco caterpillar, gram caterpillar, leaf miner, thrips, 
aphids and jassids. Among the diseases, Cercospora leaf spot and 
rust cause economic yield losses. Weather plays an important role 
on the population dynamics and distribution of pests and diseases. 
Temperature, rainfall, relative humidity, sunshine hours and wind 
speed are the chief weather parameters influencing the pest and 
disease incidence. Weather based pest and disease fore warning 
models have been developed to certain extent (Singh et al., 1990, 
Jayanthi et al., 1993 and Prasad et al., 2008). However a 
functionally viable model for pest and disease forecast is the need 
of the hour for effective integrated pest management strategy. 
Hence an attempt has been made to develop pest and disease 
forewarning models for rabi groundnut.   

2. MATERIALS AND METHODS 

Field experiments on groundnut were conducted under irrigated 
conditions during rabi season for 3 years i.e 2004-05, 06-07 and 
2008-09 at Agromet – Cell, Agricultural Research Institute, 
Hyderabad using TMV2 as a test cultivar. Recommended 
agronomic practices like fertilizer application, weeding and 
irrigation etc were taken up. The crop was raised under unprotected 
conditions. Data pertaining to the age of the crop and pests and 
disease incidence was taken at weekly interval till the harvest of the 
crop. Weather parameters like maximum and minimum 
temperatures, (T.max and T.min), morning and evening relative 
humidity (RH1 and RH2), rainfall (mm), sunshine hours, 
evaporation (m/h) and wind velocity (km/hr) were recorded from 
the weather station located at Agricultural research, institute, 
Hyderabad. The data were analyzed by using simple correlation 
and step down multiple regression tools with the help of Indostat 
software to workout the relationship between weather parameters 
and pest and disease incidence. 

3. RESULTS AND DISCUSSIONS 

The correlation coefficients  worked out between the weather 
parameters and incidence of pests and diseases of groundnut (3 
years pooled data of rabi groundnut 2004-05, 06-07, and 08-09) 
sown during November first week and the results are presented in 
table 1. 

The results revealed that among the pests, thrips damage showed 
significant positive relationship with morning (0.34) and evening 
(0.37) relative humidity whereas maximum (-0.60) and minimum 
(-0.50) temperatures (-0.62) and evaporation    (-0.47) were 
negatively associated with thrips damage. Age of the crop also 
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showed negative influence (0.32) on thrips damage. The results are 
in agreement with the findings of Singh etal (1990). They reported 
a significant negative association of minimum temperature and 
wind speed with Caliothrips indicus while Jayanthi et al., (1993) 
observed that population of C. Indicus had a positive correlation 
with morning relative humidity and a negative correlation with 
evening relative humidity. None of the weather factors had any 
significant influence on Helicoverpa armigera damage. Spodoptera 
damage was positively influenced by evaporation (0.43) and age 
(0.44) of the crop. According to Singh et al. (1990) during rabi 
season the effect of individual weather parameters on the 
abundance of Spodoptera was not significant. Among the diseases, 
tikka leaf spot incidence was positively influenced by maximum 
temperature (0.48), minimum temperature (0.42), evaporation 
(0.61) and age (0.51) of the crop. Maximum temperature (0.39), 
evaporation (0.30) and age of the crop (0.40) recorded significant 
and positive relationship with rust incidence while morning relative 

humidity (-0.33) was negatively associated with rust incidence, 
Mayee and Kokate (1987) observed that rust incidence was 
negatively correlated with relative humidity.  

The multiple regression equations were developed for predicting 
the pest and disease incidence of rabi groundnut by using linear and 
non-linear regression models (table 2). Coefficient of determination 
(R2) has improved when non linear regression models were fitted 
for predicting the pest & diseases incidence. By using step down 
linear regression models, the thrips, Spodoptera, leaf spot and rust 
damage can be predicted to an extent of 50%, 47%, 52% and 40% 
respectively while with non linear models, the prediction rate of 
above pests & diseases was improved to 56%, 65%, 70% and 52%, 
respectively  

According to Prasad et al (2008) the coefficient of determination 
(R2) between weather parameters and thrips population during rabi 
season was found to be 11.97% with seven years pooled data.

Weather Parameters % Thrips 
Damage 

% Spodoptera 
Damage 

% Helicoverpa 
Damage 

% Leaf Spot 
Damage 

% Rust 
Damage 

T max  (0C) -0.60** 0.25 -0.06 0.48** 0.39* 
T min (0C) -0.50** 0.17 -0.04 0.25 0.09 
RH I (%) 0.34* -0.18 0.16 -0.27 -0.33* 
RH II (%) 0.37* -0.05 0.15 -0.25 -0.24 
Sun shine hours (SSH) -0.21 0.15 -0.08 0.28 0.25 
Wind speed (km h-1) (WS) -0.08 0.07 -0.30 0.08 -0.03 
Evaporation (Ep) -0.47** 0.43** 0.06 0.61** 0.50** 
Mean Temp -0.62** 0.24 -0.05 0.42** 0.28 
Age (Days) -0.32* 0.44** -0.11 0.51** 0.40* 

*Significant at 5% (r=0.32); **Significant at 1% (r=0.41) 

Table 1: Influence of Weather Parameters and Age of the Crop on Groundnut Pests and Diseases (Pooled Data of Rabi 2004-05, 
2006-07 and 08-09)  

Pest/Disease Multiple 
Regression 

Equation 

Linear Y=42.14-14.33*Tmax -13.75*Tmin + 26.50*T mean of preceding 1 week + 0.07* age of 
the crop. (R2=0.50) 

% Thrips 
damage (Y) 

Non Linear Y= 42.68-6.90*Max.temp-10.34*Min. Temp+14.09*Mean Temp+0.10*Age-
0.106*Max.temp^2-8.72*Min. Temp^2+0.23* Mean Temp^2-2.791*Age^2  (R2 = 0.56) 

Linear Y=-8.99-4.08*Tmax-4.65*Tmin+0.18 RH2-0.44WS+0.29Epan + 83.63* Tmean of 
preceding week + 0.05*age (R2=0.47) 

%Spodoptera 
damage(Y) 

Non Linear Y=-46.93+2.10*MaxT -4.18*MinT+ 3.06* MeanT + 0.084*Age-6.98*RHII+ 0.37*WS 
+0.48*EPAN*MaxT^2-0.023 *MinT^2 +0.12*MeanT ^2-2.67*Age^2+4.78*RH II^2-
0.101*ws^2-1.33*EPAN^2 (R2 = 0.65) 

Linear Y=-197.12+8.56*Tmax +0.42* RH1 + 1.38 * RH2+3.25*Epan-7.32*Tmean of prec. week 
+0.20*age (R2=0.52) 

% Leaf spot (Y) 

Non Linear Y=-249.82+1.024*MaxT+4.35*RHI+ 1.91* RHII +3.06*WS-0.24*EPAN-7.12*MeanT 
+0.65* Age+0.11*  MaxT^2-2.70*RHI^2-6.03 *RHII^2-0.34*WS^2+0.58*EPAN^ 
2+1.087* Mean xT^2-4.22*Age^2 (R2 = 0.70) 

Linear Y=-345.16-20.37*Tmin+3.43*RH2+4.80* Epan+21.91*Tmean of prec. Week +0.41* age    
(R2=0.40)  

% Rust (Y) 

Non Linear Y=-784.75-28.81*MinT+3.83*RH II+11.15* EPAN+ 61.517*MeanT+ 1.02*Age 
+0.29*MinT^2-1.074*RH II^2-0.31*EPAN^2-0.84 *MeanT^2-  4.95*Age^2  (R2 = 0.52) 

Table 2: Regression Equations Developed for Pests and Diseases of rabi Groundnut. 
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CONCLUSION 

Forecasting the peak abundance of pest and diseases in advance 
helps in timely management of crop pests. The correlation and 
multiple regression analysis clearly showed the importance of 
weather factors in predicting the pest and diseases incidence. 
Among the regression models used for forecasting the pest and 
disease incidence, non linear regression models found to predict the 
pest and disease incidence more accurately than the linear models 
and hence these models can be utilized in agro advisories after 
validating with individual season data.  
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ABSTRACT: 
 
The research effort focused on the acquisition of new knowledge about the complex interactions that occur between natural processes and 
anthropogenic activities to improve current understanding of topographic and land cover change impact on landscape processes. The 
method has been developed for a comprehensive spatio-temporal analysis of sand dune evolution. First, a set of features that can be used as 
indicators of dune evolution was identified and methods based on surface analysis using principles of differential geometry developed. 
Specific thresholds for extraction of the features such as dune crests, ridges, slip faces and active dune areas were introduced. The proposed 
methodology can be used to assist quantifying various aspects of complex evolution of a sand dune field that included rotation, translation 
and deflation, evolution of new slip faces and transformation from crescent to parabolic dunes. Complex interactions between human 
impacts and natural processes were identified: the impact of a large number of visitors freely moving over the dune has proven to be 
minimal, on the other hand, the naturally expanding vegetation and urban development surrounding the dune that reduced the sand supply 
had a major impact. It appears that the combination of climate change and indirect human activities have more significant impact than the 
direct interaction. Quantification of dune evolution provided critical information for park management and selected results of the research 
will be included in the visitor's center. The developed methodology is general and can be applied to other areas that include migrating 
sands providing valuable information for management of such areas and a range of additional applications. 
 
 

1. INTRODUCTION 

Natural processes and human activities drive changes in landscapes 
that are not always compatible with each other. The changes often 
create conflicts between economic development and the need to 
preserve natural resources. Integration of new mapping and 
monitoring technologies, process based models and Geospatial 
Information System (GIS) analysis provides an opportunity to 
monitor and model the landscape evolution at high spatial and 
temporal resolutions, predict the possible impacts of human 
activities and explore options to minimize the negative 
consequences. Airborne laser scanning (e.g. LiDAR), Real-Time 
Kinematic GPS (RTK-GPS), sonar surveys, and multispectral 
remote sensors provide greatly enhanced capabilities to gather 3-D 
georeferenced data for large areas at unprecedented speed, 
recurrence interval, and spatio-temporal resolution. Terrain models 
based on such data provide critical information for areas with 
rapidly changing topography that is typical of many coastal 
regions, as well as for areas with intensive development, typical for 
rapidly expanding urban areas. The capacity to acquire such 
geospatial data currently by far exceeds the capability to analyze 
and apply the data for improving understanding of dynamic 
landscapes or for a wide range of decision making tasks. 

The underlying problem is related to the fact that such geospatial 
data sets are several orders of magnitude larger than those for 
which current GIS tools were designed, and they have different 
spatial distributions and properties than data acquired by traditional 
methods. Therefore, methods for processing of this type of data and 
new types of landscape process simulation are being developed that 
can take advantage of the rich information available in this 
geospatial data for solving land management problems such as 
landscape modification for damage prevention or mitigation, 
pollution control, or hazard prevention. 

2. ANALYSIS AND MODELING OF COASTAL 
TOPOGRAPHIC CHANGE 

In the area of coastal topographic change we are now focusing on 
Bald Head Island that is experiencing massive changes due to a 
combination of the effects of natural impacts and human activities. 

New set of LiDAR data with higher densities and better vegetation 
penetration for 2008 year were acquired and used for coastal 
analysis. 

The research has compared the pattern and rate of recent coastal 
erosion with the long-term averaged rates that are used for coastal 
management indicating significant acceleration of erosion in 
certain sections of the island and highlighting the short-term 
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erosion rates to be considered when making coastal management 
and development decisions. (Figure 1). 

 

Figure 1. Topographic parameters derived from the 1 m 
resolution, 2008 DEM: (A) slope (slip faces in red/magenta); 
(B) profile curvature (convex crests in red); (C) uphill slope line 
density (ridges in brown), inset shows individual slope lines 
perpendicular to contours merging on a ridge overlaid by grid 
cells with slope values used to compute the average windward 
ridge slope; (D) extracted crests for 1998 (green), 2002 (blue), 
and 2004 (red) draped over the 2006 surface showing horizontal 
migration of the Jockey's Ridge dune complex. 

3. HYDROLOGIC ANALYSIS OF WATERSHEDS 
BASED ON IFSAR AND LIDAR DATA 

GIS methodology for effective comparison of accuracy of stream 
network extracted from Digital Elevation Models (DEMs) based on 
comparison with field measured Global Position System (GPS) 
data was developed. The methodology was applied to have a 
quantitative comparison of the accuracy of the stream extraction 
algorithms used to generate river and stream networks from 
Interferometric Synthetic Aperture Radar (IFSAR) derived digital 
elevation models in Panama and for mapping of the first and 
second order streams based on LiDAR 

data in the Neuse river watershed. Different techniques were 
evaluated in terms of the locating both low-order streams and 
higher-order Rivers plus building the correct topology of the stream 
networks (e.g., accurate location and properties of stream 
confluence points, as well as identification of stream origins). 
Assessment of stream extraction accuracy is particularly important 
for the Chagres River Basin because there has not been an 

extensive mapping of the river channels and the analysis output 
which provides the "best-available" map of the river network. 

Also the preliminary comparison of available USGS and local 
government stream data with GPS measurements demonstrates 
lack of accurate stream data even in such a developed and often 
mapped area as upper Neuse river basin, proving the importance of 
finding more accurate approaches to stream mapping, e.g. using 
LiDAR-based DEMs, than commonly used digitization from ortho-
photos and limited ground surveys. In addition, the LiDAR data 
capture subtle topography in floodplains without well defined 
channel network, therefore alternative approaches for flow routing 
in such areas are investigated. For applications that require 
identification of wetlands, a process based approach is investigated. 
This approach allows us to map locations with standing water and 
subtle dry ridges providing information important for tasks related 
to mobility and safety (Figure 2.). The least cost algorithm applied 
to the same data extracts a potential channel network providing 
useful information for designing an optimal, cost effective drainage 
network if the area needs to be drained. 

 

Figure 2. LiDAR data capture subtle topography in floodplains 
without well defined channel network; (A) water depth pattern 
computed by path sampling method with diffusion term; (B) 
potential channel network derived by shortest path algorithm 
provides useful information which is possible path through the 
floodplain can be found by further processing the ridge map 
layer (red), Blue lines are potential channels. 

4. SIMULATION OF TERRAIN CHANGE IMPACT ON 
WATER FLOW AND SEDIMENT TRANSPORT 

USING PROCESS-BASED MODELING AND 
ANALYSIS GIS 

The objective of this research is to evaluate the capabilities to 
predict spatial pattern and magnitude of water flow and sediment 
transport in landscapes undergoing substantial changes in 
topography and land cover using GIS-based modeling. The fact 
that the spatial range of land use change impacts which is well 
beyond the affected site requires that the models capture not only 
the specific processes at individual locations or for given structures, 
but also can simulate the combined effects of spatially distributed 
landscape changes and control measures at a larger spatial scale. 
Advances in geospatial technologies, including high resolution 
mapping, monitoring and GIS create new opportunities for 
significant improvements in the development of comprehensive 
modeling tools designed for land management applications. 
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To evaluate the capabilities of the current models (Figure 2.) to 
predict spatial patterns and magnitudes of water flow and sediment 
transport in rapidly changing landscapes the selected models 
(WEPP, GeoWEPP and SIMWE) were applied to two sites:(i) 
Centennial Campus site that is undergoing transformation from a 
secondary forest to urban land use and (ii) a small watershed at 
NCSU Sediment and Erosion Control Research and Education 
Facility (SECREF). 

The first site has been monitored and modeled in collaboration. 
Digital landscape models were created at each of the site for 
different stages of development and various combinations of 
conservation and sediment control measures using highresolution 
GIS and CAD data. The WEPP model was calibrated using 
leveraged funding and applications focus on simulations using the 
observed and design storms (for 2 years and 10 years). The 
preliminary results of the modeling confirm the results of 
monitoring efforts that the current standard design of sediment 
control measures does not provide adequate sediment control. 
These results suggest a need for re-evaluation of the assumptions 
underlying the existing rules for sediment basin design, 
consideration of measures to bring the site conditions closer to the 
assumptions and incorporation of spatial aspects into the design. 
Spatial simulation for phased construction (only part of the site is 
disturbed at any time) demonstrated that the effectiveness of this 
approach is highly site specific. 

The number and type of measures required is greatly dependent on 
configuration of terrain and grading. Phased development may well 
require the same number of structures as without phased 
development the additional costs due to scheduling of the 
construction is resulted. 

Finally, the use of ‘Illuminating Clay’ as a ‘Tangible GIS’ is being 
explored as a novel approach for the real-time design and 
evaluation of various alternatives for land management and 
sediment control. The concept of this novel concept is to create an 
interactive environment for real-time simulation that combines 
traditional visualization with a flexible 3D model (i.e., the tangible 
interface). Simulations ‘react’ in real time to changes made on the 
surface of a reliable physical model: As the surface is modified, it 
is laser scanned, and the model is recomputed with results of the 
land modification action projected back to the model so there is a 
perception of real-time change. Various algorithms for modeling 
surface flow are evaluated and the one that provides a good balance 
between accuracy/realism and computational speed will be 
implemented by modifying a relevant GRASS GIS code. 

This effort improve the understanding of impacts of terrain and 
land use on water and sediment flow and provide insights into our 
capabilities to predict these impacts and design effective control 
measures. It will also contribute to the development of new 
technology that has a potential to fundamentally change the ways 
to interact with landscape simulations and we make decisions that 
require understanding of landscape structure and processes. 

5. TECHNOLOGY TRANSFER 

Upgraded and enhanced spatial interpolation and topographic 
analysis module was released with GRASS 6.0. Spatially 
distributed and sediment transport models were upgraded to 
GRASS 6.0. , but have not been included in the official release as 
more research and development is needed to migrate this tool from 
research applications to a routine use. (Figure 3, 4.). 

 

Figure 3. Using simulations to investigate optimal location and 
size of check dams to minimize the sediment pollutions and risk 
of gully formation. (A): field location of small check 
dams/filters aimed at reducing sediment transport. (B): filters 
are overflow and destroyed during a storm and sediment moves 
freely downstream. (C): simulation of spatial pattern of 
sediment flow and water depth without check dams. 

 

Figure 4. Using GIS modeling to investigate optimal location 
and size of check dams to reduce the sediment pollutions and 
risk of gully formation. (D): Simulation of spatial pattern of 
sediment flow and water depth without check dams. (E): 
simulated water depth for the location of impermeable, large 
check dams and (F): also simulated water depth for different 
location of impermeable, very large check dams. 

CONCLUSION 

Both modeling and simulation demonstrate that the higher spatial 
and temporal resolutions of terrain data can provide better 
understanding of some unexpected consequences of development 
and creates opportunities for adopting more sustainable approaches 
to coastal and urban landscape management. They also illustrate 
the current capabilities of open source geospatial technology for 
topographic data processing, analysis, modeling and 
visualization.(Figure 5.) 
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Figure 5. Spatial pattern of water discharge (A): for the current 
conditions. (B): during development of golf control measures 
are implemented in addition to the mandatory stream buffer. 
(C): after the golf course is finished, the water flow was 
simulated in GRASS GIS using an experimental module. 
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ABSTRACT:  
 
Field experiment was conducted under 3 different planting dates and 5 nitrogen levels to assess the impact of modified weather on yield 
and biomass of rice using CERES-Rice at Agricultural Research Institute, Acharya N. G. Ranga Agricultural University, Hyderabad. The 
percent error was 7 and -11.4% in grain yield when crop was planted on 25th July and 29th August, respectively. Increase biomass was 
observed with increasing levels of nitrogen from 100 to 300 kg /ha. Grain yield has decreased with elevated temperatures during entire crop 
growth and reduced solar radiation during flowering to beginning of grain filling in all the dates of planting and nitrogen levels. 
 
 

1. INTRODUCTION 

Weather plays an important role in agricultural production.  
Amongst the various weather elements, temperatures and radiation 
play major role in deciding the crop growth, development and yield 
levels. As per the recent report of Inter-governmental panel on 
climate change (IPCC, 2007), the crop yield in many countries of 
Asia has declined, partly due to rising temperatures and extreme 
weather events. In India studies by several authors shown that 
during last century there is observed increased trend in surface 
temperature (Singh et. al 2001). Sinha (1994) reported that higher 
temperatures and reduced radiation associated with increased 
cloudiness caused spikelet sterility and reduced yields to such 
extent that any increasing dry matter production as result of CO2 
fertilization proved to be no advantage in grain productivity. 
Amien etal (1996) reported that rice yield in East Java could 
decline by 1% annually as a result of increasing temperature. In 
Asia, where rice is one of the main staple foods, production and 
distribution of rice growing areas may be affected substantially by 
climate change. Although C3 crops exhibit a positive response to 
increased CO2, the optimal productive temperature range is quite 
narrow. The state of Andhra Pradesh is frequently prone to 
cyclones during September to November which is characterized by 
cloudy weather for 3-5 days causing reduction in availability of 
solar radiation during flowering and grain yielding stage and 
affecting the yield of rice crop. In Andhra Pradesh the temperatures 
are projected to increase by at least 30C through out the state by 
2041 to 2060 this increase occurs in all seasons of the year by 
considering the productions on climate change study was under 
taken to assess the impact of climate change under different 
nitrogen levels on yield and biomass using CERES-Rice model. 

2. MATERIALS AND METHODS 

The field experiment was conducted during Kharif 2007 at 
Agricultural Research Institute, A.N.G.R.Agricultural University, 
Rajendranagar, Hyderabad to study influence of different levels of 
nitrogen on yield and biomass of rice using CERES-Rice. The 
treatments comprised of 3 dates of planting (D1=25.07.2007, 

D2=08.08.2007, D3=29.8.2007) and five nitrogen levels (N1=100kg 
/ha, N2=150kg/ha, N3=200kg/ha, N4=250kg/ha, N5=300kg/ha). The 
experiment was laid out in clay loam soil. The nitrogen was applied 
in three equal splits i.e. at basal, 20 days after planting and panicle 
initiation stage. Other packages of practices are followed as per the 
recommendations of A.N.G.R.Agricultural University. The variety 
chosen was short duration cultivar MTU 1010. DSSAT V4.0 was 
used to study the impact of temperature and solar radiation on yield 
and biomass of rice using 40 years long term weather data of 
Rajendranagar. The temperatures were elevated to 10C and 20C 
during the entire crop season and solar radiation was reduced to 1% 
during flowering to beginning of grain filling (increased cloudiness 
by 99%). 

3. RESULTS AND DISCUSSION 

The simulated and observed grain yield and biomass of rice under 
different dates of planting using CERES-Rice are presented in 
Table 1. The results revealed that the % error was 7 and 4.7% grain 
yield compared to observed under normal (up to August 8th) and 
11.4% lower yield than normal under delayed (29th August) 
planting. Among the nitrogen levels the model has predicted the 
grain yield with percent error of -16.6 to 11.7% from 100 kg to 250 
kg nitrogen per hectare (Table 2). 

The grain yield simulated under different planting dates and 
different climate change scenarios using CERES-Rice was depicted 
in fig.1. Results revealed that there was a drastic decrease in grain 
yield of rice under delayed planting and elevated temperature by 
10C and 20C and reduced solar radiation during flowering to 
beginning of  grain filling stage (1 week). The grain yield did not 
differ much under elevated temperatures and reduced solar 
radiation conditions when crop was planted on 25 July and Aug 8. 
Among the nitrogen levels the model has simulated increased grain 
yield with increasing levels of nitrogen from 100 to 300 kg per 
hectare even under elevated temperatures and reduced solar 
radiation during flowering to beginning of grain filling (Fig 2). 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

56 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

G
ra

in
 y

ie
ld

 (t
/h

a)

25-Jul' 8-Aug' 29-Aug'

Date of planting

S1 S2 S3 S4

 

Figure 1. Grain Yield of Rice as Influenced by Dates of 
Planting under Different Climate Change Scenarios 

S1= Normal, S2= Temperature increase by 10C, 

S3= Temperature increase by 20C, S4= Reduced radiation to 1% 
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Figure 2. Grain Yield of Rice as Influenced by Nitrogen Levels 
under Different Climate Change Scenarios 

S1= Normal, S2= Temperature increase by 10C, 

S3= Temperature increase by 20C, S4= Reduced radiation to 1%

Grain yield (t/ha) Biomass (t/ha) %Dev Date of planting 
Observed Simulated 

%Dev 
Observed Simulated  

25-Jul 6.42 6.87 7.0 14.77 14.34 -2.9 
8-Aug 6.89 7.21 4.7 13.31 14.22 6.9 
29-Aug 6.96 6.17 -11.4 15.46 14.23 -8.0 

Table 1: Observed and Simulated Grain Yield and Biomass of rice MTU 1010 Under Different Dates of Planting Using CERES-Rice 
During Kharif 2007. 

Grain yield (t/ha) Biomass (t/ha) N (kg/ha) 
Observed Simulated 

%Dev 
Observed Simulated 

%Dev 

100 6.50 5.42 -16.6 13.40 12.01 -10.4 
150 6.32 5.99 -5.2 13.73 13.17 -4.1 
200 7.07 7.09 0.3 15.11 14.56 -3.6 
250 6.74 7.53 11.7 14.78 15.59 5.4 
300 7.14 7.71 8.1 15.56 15.99 2.8 

Table 2: Observed and Simulated Grain Yield and Biomass of Rice MTU 1010 Under Different Levels of Nitrogen Using CERES-Rice 
During Kharif 2007. 

Similarly the biomass of rice simulated using CERES-Rice model 
under different planting and elevated temperatures and reduced 
solar radiation are depicted in fig 3. Results showed that the 
simulated biomass under different elevated temperatures and 
reduced solar radiation were higher when crop was planted on 25th 

July and 8th August and there was a drastic reduction in simulated 
biomass when crop was planted on 29th August. Among the 
nitrogen levels the model has predicted highest biomass yield with 
increased levels of nitrogen from 100kg to 300 kg per hectare (Fig 
4). 
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Figure 3. Bio Mass of Rice as Influenced by Dates of Planting under Different Climate Change Scenarios. 

S1= Normal, S2= Temperature increase by 10C, 

S3= Temperature increase by 20C, S4= Reduced radiation to 1% 
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Figure 4. Bio Mass of Rice as Influenced by Nitrogen Levels 
under Different Climate Change Scenarios. 

S1= Normal, S2= Temperature increase by 10C, 

S3= Temperature increase by 20C, S4= Reduced radiation to 1% 

CONCLUSION 

Model has predicted the grain and biomass yields correctly and are 
within permissible limits. From the study, the planting of short 
duration variety should not be delayed beyond August 8th with 
optimum nitrogen level of 250 kg/ha. 
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ABSTRACT:  
 
A field experiment was conducted during Rabi 2007-08 and 2008-09 at Instructional Farm, Rajasthan College of Agriculture, Udaipur. The 
treatment comprises of four sowing dates (7th November, 19th November, 4th December and 19th December) and four irrigation levels 
(three, four, five and six). Result revealed that the magnitude of reduction in number of tillers/m row was more due to higher minimum 
temperature.  The maximum heat units of 1701 degree days were recorded under 19th November sown crop with six irrigation (D2I6). The 
increase in 6.0 0C mean temperature between 90 to 105 DAS caused reduction in number of effective tillers/m/row at 105 DAS by 15.0 per 
cent. The highest grain yield was obtained under 19th November sown crop (D2) followed by 7th November sown crop (D1) during both the 
years.  The mean temperature experienced during heading to milking was in the range of 14.5-15.0oC. and 18.0-19.0 oC  during 2007-08 
and 2008-09, respectively. The delay sowing caused reduction of 25.7 and 41.9 per cent grain yield in 4th December (D3) and 19th 
December (D4) sown crop, respectively as compared to 19th November sown crop (D2). The highest heat use efficiency for total dry matter 
and grain yield (8.94 and 2.74 kg/ha/0C) was recorded under 7th November sown crop. 

 
1. INTRODUCTION 

Temperature is an important environment factor that affects plant 
development, growth and yield. Changes in seasonal temperature 
affect the productivity through the changes in phenological 
development process of the crop. Winter crops are especially 
vulnerable to thermal stress particularly in reproductive phase and 
differential response of temperature change to various crops has 
been noticed under different production environment (Kalra et al 
2008). Hundal (2004) also observed that increase of temperature by 
20C in wheat resulted in 15-17 per cent reduction in grain yield. 
Next to paddy, wheat is  an important winter season crop in the 
northern India. Cool  eather during vegetative period and warm 
weather during maturity are ideal requirement for wheat. Wheat 
grain yields generally decline as temperature increases. 
Temperature stress intensity is sever under late sowing, causing 
reduction in the duration of later growth phases (Mavi and Tupper, 
2005). Various phenophases of wheat is also sensitive to 
temperature. In recent past, the area and productivity of wheat in 
India is fluctuating due to climate change. Among the climatic 
variable air temperature is the most important that affects plant life. 
Taking cognizance of the fact mentioned above, present 
investigation was carried out to assess the impact of different 
weather environment on growth and productivity of wheat.  

2. MATERIALS AND METHODS 

A field experiment was conducted at Instructional Farm, Rajasthan 
College of Agriculture, Udaipur (Rajasthan) during Rabi season of 
2007-08 and 2008-09. The geographical co-ordinates of the station 
are 240 34’N latitude, 730 42’E longitude and altitude of 582.2 m 
above mean sea level. The mean annual rainfall of the centre is 
600.8 mm most of which (91.5 %) is contributed by south west 
monsoon during June to September. The winter rains contributed 
very negligible amount. The weekly mean maximum and 
minimum temperatures ranges from 23.3 to 33.0 0C and 5.1 to 14.9 

0C, respectively during Rabi season. The soil was clay loam in 
texture having 240 kg N, 20.0 kg P2O5 and 290.6 kg K2O/ha with 
pH 8.1 and EC of 1.12 d sm-1 at 250C. The experiment consisted of 
four sowing dates viz. 7th November (D1), 19th November(D2), 4

th 
December(D3) and 19th December(D4), and four irrigation levels 
viz. three (I3), four (I4), five (I5) and six (I6). The experiment was 
laid out in spilt plot design with four replications. The wheat 
variety Raj-3077 was fertilized with 120 kg N, 40 kg P2O5/ha using 
a seed rate of 125 kg/ha. 

3. RESULTS AND DISCUSSION 

Early sowing experienced higher mean temperature during 
emergence to heading stage as compared to successive delay in 
sowing. Days taken to attain different phenophases Table-1 show 
that number of days required for emergence were increased from 4 
to 6 days in D1 to D3. However, D4 sowing took only five days. 
This might be due to increase in temperature during emergence 
stage which resulted into one day advance emergence as compared 
to D3 sowing. A strong negative correlation (-0.963) was also 
observed between days requirement to emergence and mean 
temperature.  

3.1 Heat Use Efficiency  

Heat use efficiency was influenced due to different weather 
conditions and irrigation levels (Table-2). The highest heat use 
efficiency for total dry matter and grain yield (9.83 and 2.84 
kg/ha/0C day) was recorded under normal sowing i.e. 17th 
November sown crop. Subsequent delay in sowing resulted in 
decreased in heat use efficiency. Timely sowing of wheat crop 
seems to be essential for harnessing the good impact of prevailing 
weather conditions. Pragyan Kumari et al (2009) also reported that 
timely (normal) wheat crop exhibited maximum heat use efficiency 
of 2.23 kg grain/ha/degree day. 
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Phenophases Tratment 
Emergence CRI Tillering Heading Milking Dough Maturity 

I3 D1 4 21 34 61 96 121 126 
  D2 5 22 34 66 98 113 121 
  D3 6 23 33 73 99 107 117 
  D4 5 23 31 72 92 100 110 
I4 D1 4 21 34 61 97 122 126 
  D2 5 22 34 66 99 113 123 
  D3 6 23 33 71 101 107 117 
  D4 5 23 31 72 92 101 113 
I5 D1 4 21 34 61 97 123 128 
  D2 5 22 34 68 98 117 126 
  D3 6 23 33 76 101 110 121 
  D4 5 23 31 73 92 104 113 
I6 D1 4 21 34 62 97 125 130 
  D2 5 22 34 68 99 118 129 
  D3 6 23 33 74 101 110 121 
  D4 5 23 31 74 92 106 116 

Table 1: Days Taken to Attain Different Phenophases of Wheat 

Sowing Date Heat Units (oCday) HUE of Total Dry Matter 
(Kg/ha/0Cday) 

HUE for Grain Yield 
(Kg/ha/0Cday) 

7th November 1656.0 8.94 2.74 
17th November 1613.0 9.83 2.84 
4th December 1583.6 8.52 2.15 
19th December 1568.3 7.67 1.69 
Irrigation levels    
Three  1559.4 7.72 1.69 
Four 1584.5 8.54 2.42 
Five  1629.1 9.03 2.54 
Six  1647.8 9.65 2.76 

Table 2:  Accumulated Heat Units and Heat Unit Efficiency of Wheat 

3.2 Effect of Temperature 

Mean temperature experienced during different phenophases of 
wheat are presented in Table-3. Data revealed that year 2008-09 
experienced higher mean temperaturing during tillering to heading 
stage and heading to milking stage as compared to that experienced 
in 2007-08 in each sowing date. Later sowing dates i.e. 4th 
December and 19th December experienced higher mean 
temperature during heading to milking stage and milking to dough 
stage during both the years. In the year 2007-08, 4th December and 
19th December sown crop experienced 6.3 and 8.5 oC higher mean 
temperature, respectively over 4th November sown crop (14.6 0C) 
during heading to milking stage. Similarly, these two dates also 
experienced higher mean temperature by 4.6 and 6.5 0C over 4th 
November sown crop (19.4 0C) during milking to dough stage. 
Similar, trends were also recorded during the year 2008-09. It was 
observed that year 2008-09 experienced more temperature 
throughout the crop season and it was above normal and 2007-08 
in each meteorological week . The deviation in maximum and 
minimum temperatures was more during 2009 as compared to 
2008. With regards to effective tillers/m row length (Table-4), the 
highest number of effective tiller/m row at 90 DAS was recorded  
in 17th November sown crop (D2) during the both the years. Year 
2008-09 experienced higher maximum, minimum and mean 
temperature between 75 to 90 DAS in each sowing date as 

compared to year 2007-08. The mean temperature was 5.6 0C more 
under 19th November and 5.2 0C more under 7th November during 
2008-09 as compared to 2007-08. 

It has been reported that an average temperature of 15 0C during 
grain formation is optimum for maximum grain weight 
(Chowdhary and Wardlaw, 1978 and Fischer, 1985). The deviation 
in maximum and minimum temperatures above and below 
optimum value is found to influence the plant activities in many 
ways, the cumulative effects of which are observed in yield. 
Temperatures above 25 0C during this period tend to depress grain 
weight. When temperature is high, too much energy is lost through 
the process of transpiration by the plant and reduced residual 
energy results in poorer grain formation and lower yields.Until 
maximum tillering stage wheat crop sown on all the dates grew in a 
moderate air temperature regime but after this stage all later stages 
of later sown crops from late jointing onwards, were exposed to 
comparatively higher temperature regimes and causing earlier 
maturity of crops.  

Heading to milking stage, the most thermally sensitive stage, late 
sown crops were exposed to higher air temperature (20.0 0C to 23.0 
0C)compared to earlier sown crops (14.5 to 18.9 0C) and it was 
further increased till maturity of the crop (Table-3) with every 
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delay in wheat sowing beyond normal date the risk of sterility 
increases. The risk would be more in case of the abnormal rise in 
temperature. Hence, timely sowing (19th November) of wheat crop 
may escape the risk of temperature rise and sterility at flowering 

stage. Pragyan Kumari el al (2009) also reported that the maximum 
differences of 7.5 0C in temperature were observed at the milking 
stage between very late and normal sown conditions. 

Tillering to Heading Stage Heading to Milking Stage Milking to Dough Stage Sowing Dates 
Y1 Y2 Y1 Y2 Y1 Y2 

7th November 17.2 20.0 14.5 17.7 19.4 18.4 
19th November 16.8 17.8 15.0 18.9 21.7 19.5 
4th December 14.5 18.1 20.8 20.0 24.0 24.7 
19th December 15.1 18.7 23.0 22.7 25.9 23.2 

Table 3: Mean Temperature During Different Phenophases of Wheat 

Y1 = 2007-08, Y2 = 2008-09 

Effective Tillers/m 90 Das Temperature Between 75 to 90 DAS (0C) Sowing Dates 
Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 

7th November 179 165 21.7 28.1 4.9 8.9 13.3 18.5 
19th November 188 167 22.1 27.9 4.1 9.6 13.1 18.7 
4th December 180 164 30.7 33.3 9.0 13.4 19.9 23.3 
19th December 150 145 32.1 33.8 13.8 13.6 22.9 23.7 

DAS = Days after sowing Y1 = 2007-08, Y2 = 2008-09 

Table  4: Effective Tillers/m row at 90 DAS as Influenced by Temperatures 

3.4 Yield  

Grain yield was significantly influenced by different sowing dates 
and irrigation levels. The highest grain yield was recorded in 19th 
November sown crop, which was at par with 7th November sown 
crop during both the years. The crop sown on 4th December and 
19th December significantly reduced grain yield by 25.7 and 41.9 

percent in 2007-08 and 27.9 and 45.9 per cent in 2008-09, 
respectively.(Table 5). The maximum harvest index of 30.6 per 
cent was recorded under 7th November sown crop during 2007-08 
while in year 2008-09, 19th November sown crop recorded the 
maximum harvest index of 29.2 per cent. The harvest index 
indicates the magnitude of allocation of dry matter from leaves and 
stems to sink (grain). 

Grain Yield (kg/ha) Harvest Index (%) Sowing Dates 
Y1 Y2 Y1 Y2 

7th November 4543 4089 30.6 29.0 
19th November 4573 4101 28.8 29.2 
4th December 3399 2957 25.0 26.2 
19th December 2659 2219 21.2 20.4 
CD (P= 0.05)     391.3      255.0 - - 
Irrigation levels 
Three   2636 2471 20.9 19.9 
Four  3842 3349 28.2 27.5 
Five  4141 3628 27.9 28.1 
Six  4555 3918 28.5 29.3 
CD (P= 0.05)       312.6      212.4 - - 

Table 5: Effect of Sowing Dates and Irrigation Levels on Yield and Harvest Index of Wheat 

The present study show that the allocation of dry matter 

(photosynthates) to sink was drastically reduced due to 

temperature. This is evidenced that higher temperatures were 

experienced during heading to milking stage and milking to dough 

stage during both the years (Table-3). Temperature during these 

two phenophases also adversely affected number of tillers/m row 

and test weight. Reduction in these two yields attributes under later 

sowing dates proved the low translocation of photosynthates which 

resulted in drastic yield reduction. High temperature stress at grain 

filling stage decreased grain yield  and test weight of wheat from 

19.7 % to 28.3 % (Zhang et. al., 2008). Rane and Nagarajan (2004) 

also reported that high temperature at the time of grain filling is one 

of the major constraints in increasing productivity of wheat in 

tropical countries like India. Tripathi et al (2001) also reported that 

late sowing beyond December 10th (< 17.6 0C) progressively 

decreased the grain yield of wheat due to shorter duration and high 

temperature during grain formation stage. Vishwanathan and 

Chopra (2001) reported the late sown crop experienced 6-8 0C 

warmer temperature during grain development than crop sown at 

normal time. 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

61 

CONCLUSION 

The above findings on the response of wheat crop to different 
weather environments, suggest that under the agro climatic 
conditions of Rajasthan state normal sowing (around 7th to 20th 
November) of wheat crop has to be advocated so that the farmers 
get improved yield. 
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ABSTRACT: 
 
The growth of human population, increasing demand for agricultural production and concerns about food security in the world are among 
the reasons for growing interest in land monitoring based on satellite remote sensing. The semi-arid regions are also very sensitive to global 
climate change and all vegetation there depends strongly on weather conditions and water availability. The objective of this study is to 
evaluate the topographical changes and climactic variability on agricultural land use changes in semi-arid terrain using hyperspectral and 
multi spectral remote sensing data. Multi temporal Landsat TM & ETM+ and EO-1 ALI data were used for extracting agricultural land use 
changes. Through these analyses describe the changing character of agriculture in this region, and by integrating this hyperspectral data 
with biophysical information on climate and hydrology it is possible to evaluate the hydrologic impact of various water extraction and 
diversion schemes. The information provided in this study has many areas of application, including in environmental management and 
planning, hydrological watershed analysis and modeling, landform and natural resource evaluations, and hydropower infrastructure 
planning and construction. 

 
1. INTRODUCTION 

The growing need for quantitative studies on biogeophysical and –
chemical processes in vegetation analysis for agricultural purposes 
on the one hand, and ecosystem functioning on the other hand, 
implies both higher spectral and spatial resolution of spaceborne 
remote sensing devices, together with improved radiometric 
performance and accurate reallocation. Environmental variability is 
the key issue when addressing agricultural production in arid and 
semi-arid regions. Alternating periods of variable length of 
relatively dry and wet years are common in these regions. 

Climate variability, which mainly affects rainfall, is inherently part 
of the system. Considerable effort has been expended in studies on 
large-scale and general circulation modeling to assess climatic risk. 
However, downscaling to the local level to assess climate risk for 
agricultural areas and crops has proven difficult. In addition, there 
have been attempts to account for inter-annual climate variability. 
The interactions between climate and water availability have been 
fundamental to many human activities, in particular agricultural 
production, in the past and will continue in the future as well. An 
increase in temperatures could also lead to a net deficit in 
atmospheric water content, thus excessive evaporation from soil, 
water and plant surfaces would occur. 

Multitemporal satellite data provide the capability for mapping and 
monitoring land cover and land use changes, but require the 
development of accurate and repeatable techniques that can be 
extended to a broad range of environments and conditions. In this 
study, the suitability of Landsat ETM+ and EO-1 ALI data for 
Agricultural land use classification and changes in a typical arid 
agricultural environment with its small-spaced fields is evaluated. 
Land use determination from Multispectral data is performed using 
both a well established image processing approach (PCA and Band 

Ratios) and a multiscale object-oriented method which allows to 
derive meaningful image segments on the one hand and to describe 
the segment’s physical and contextual characteristics on the other 
hand. 

2. OBJECTIVES 

The objective of this study was to explore the use of multi-temporal 
Landsat TM & ETM+ and EO-1 ALI data from the same growing 
season for the classification of agricultural land cover changes in 
the semiarid environment. 

3. STUDY AREA 

The study area is located in Vellore district, Northern Tamilnadu, 
between latitudes, 13o12’32” N and longitudes, 78°24′16” E in the 
west of Vellore city figure 1. Study area covers an area of 825 sq 
km with a variety of geological formations, climatic conditions and 
vegetation types (i.e., forests, scrublands, grasslands and 
agricultural lands). 

 

Figure 1. Location of the Study Area 
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3.1 Physiography and Climate 

Physiographicaly the study area is undulated terrain with local 
elevation and low-lying areas figure 2 (A). The study area is of an 
elevation varying from 250 to 830m above MSL in the mountain 
areas. Diversity in land forms of study area has resulted in a variety 
of forest and agricultural systems in the region. Vellor river is the 
main lifeline of the district with most of the settlements located 
alongside the river. Generally subtropical climate prevails over the 
district. The temperature rises slowly to maximum in summer 
months up to May after which it drops slowly. The mean 
maximum temperature ranges from 28.2oC to 36.5o C and the 
mean minimum temperature from 17.3oC to 27.4oC. The normal 
mean maximum and minimum temperature for Vellore and 
Tiruppathur stations are recorded Table 1. The normal average 
rainfall of this district is 953.4 mm Table 2. 

 

Figure 2. (A) Topography Map B). Soil Map of the Study Area 

 

Table 1: Normal Mean Temperature (Celcius) 

 

Table 2: Normal Average Annual Rainfall (Season wise) 

3.2 Geology and Soil 

Geologically the study area consists of mainly Charnockite, Fissile 
hornblende-biotite gneiss and sand and silt. Mountains with dense 
and scattered vegetations, weathered and solid rocks, complex 
slopes with exposures, south and north looking faces, and various 
soil types (alluvial, colluvial and/or residuals) with varying depth 
normally show a great variability figure 2 (B). 

3.3 Agriculture 

Two methods of water withdrawal currently dominate irrigated 
agriculture in the study area: (1) floodplain irrigation, (2) 
groundwater extraction. Combinations of the three are also 
observed. From the perspective of spatial distribution, floodplain 
irrigation represents the most “traditional” irrigation system. In the 
relatively flat floodplain crops can draw on the moisture of natural 
river floods, can be watered using small gravity-driven diversions 
and levee breaks, or can be irrigated to some distance (though little 
topographic rise) using low-power diesel and electric pumps. 
Under this irrigation regime agriculture is limited to the fertile 
valley that surrounds the river figure 3. In this system more 
powerful diesel pumps are used to draw irrigation water from tens 
to hundreds of meters below the surface, servicing one or two fields 
at a time. In marked contrast to the floodplain system, irrigation by 
groundwater withdrawal does not require that farms be clustered 
around a surface water body; a dispersed distribution of farms may, 
in fact, be favorable in order to avoid local drawdown of the water 
table or depletion of an isolated aquifer. For the well irrigator the 
distribution of water is defined by hydrogeology rather than surface 
drainages, and the distribution of agriculture reflects this change. 

 

Figure 3. Schematic Diagrams of Identified Agricultural Field 
Distribution under (A) Floodplain and (B) Groundwater, with 5-
4-3 False Color ALI Images of Example in the Study area 

4. DATA USED 

Landsat TM and ETM + were used in this study. The Landsat 
ETM+ image (Path143, Row 51) 24-02-2001 was downloaded 
from GLCF (Global Land Cover Facility) 
(http://www.landcover.org/data/). The Advanced Land Imager 
(ALI) satellite sensor was designed in part to provide future data 
continuity with the Landsat record (http://eo1.usgs.gov/ali.php). 
Although the EO-1 ALI swath width (37 km) is more restricted 
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than that of Landsat (185 km), and ALI acquisitions must be 
scheduled in advance, the ALI sensor is pintable. The spectral 
range and spatial resolution of bands for each sensor are given in 
Table 2. The ALI measures solar irradiance in 9 multispectral 
bands between 0.433 and 2.35 μm, providing 3 more multispectral 
bands than Landsat TM or ETM+. The spatial resolution of the 
panchromatic (PAN) band is 10 m, compared to the 15 m 
resolution of the ETM+ panchromatic band. Furthermore, ALI data 
are 16-bit rather than 8-bit, offering greater dynamic range. ALI 
data was downloaded from USGS earth explorer 
http://edcsns17.cr.usgs.gov/EarthExplorer/. Topographical data 
ASTER-DEM (30m) was downloaded from 
http://www.gdem.aster.ersdac.or.jp/login.jsp. 

 

Table 2: Band Characteristics for LANDSAT ETM+ and EO-1 
ALI sensors. n/a = “Not applicable” 

5. METHODOLOGY 

Data processing and interpretation for this work were performed at 
the Center for Remote Sensing and Geoinformatics at Sathyabama 
University Chennai, Tamilnadu. ERDAS IMAGINE 9.1 and ENVI 
4.5 were the main software packages used for the image 
processing. The overall methodology for this study is presented in 
figure 4. 

5.1. Data Fusion 

For each sub scene, 30-m resolution Landsat 7 ETM+ 
Multispectral bands 1 to 5 and 7 were fused with the 15- m 
resolution panchromatic band figure 5. For 30-m resolution EO-1 
ALI multispectral bands 2 to 9 were fused with 10-m resolution 
panchromatic band. The resulting fused bands were spatially 
enhanced while keeping the spectral characteristics close to the 
original Multispectral bands. Some qualitative and quantitative 
analyses were implemented to assess the spatial and spectral 
quality of the fused images. The results show that it was possible to 
carry out the fusion of a narrow-band Hyperspectral image and a 
high spatial resolution panchromatic image. 

5.2 Optimum Band Selection 

Once the training statistics were assembled from each band for 
each land cover, a decision must be made to determine the most 
suitable bands for discriminating the land cover classes in the 
imagery figure 6. For this purpose, the Principal Component 
Analysis (PCA) was performed to obtain new channels in the 
classification process. 

The first four PCA channels of each date having total variance 
higher than 99% were used within the analysis. In addition to PCA 
channels, most effective bands were identified through examining 
class separability based on the divergence of the class signatures. 
As a result, a subset of best four bands was extracted for each 
scene. 

 

Figure 4. Flow Chart of the Different Methodological Steps in 
the Image Analysis Process 

 

Figure 5. Resolution Merged ALI Data. A. 30-M Resolution 
Multispectral Data. B. 10-M PAN Merged Multispectral Data 
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Figure 6. A. Lands at ETM + (7-4-3) B. EO-1 ALI (5-4-2) 

5.3 Principle Component Analysis (PCA) 

PCA can be applied to compact the redundant data into fewer 
layers and can be used to transform a set of image bands, as that the 
new layers (also called components) are not correlated with one 
another (Cees & Farifteh, 2001). High correlation between bands in 
multi spectral images such as Landsat image cause a lot of 
redundancy and finally give mixed pixels, which complicate 
classification. Principal Component Analysis is a statistical method 
used for compressing the original data set without loosing too 
much information. A Principal Component Calculation is known as 
a method to extract or reduce the spectral noise/redundancy 
(Richards, 1993). Principal Component Analysis is collecting the 
information of the spectral bands used in a cloud of points in a 
multi dimensional space and calculates a new optimum set of axis 
through these cloud data points. The number of Principal 
Component equals the number of input bands. The first PC is 
defined by maximum variance of the original data set; the last PC 
defines the leftover variance (Janssen& Herwijnen, 1994). 

 PC1: Useful for studies of the agricultural land and 
geology. 

 PC3: Useful for studies of the bare soil. 

 PC4: Useful for studies the agricultural lands. 

5.4. Image Classification 

Classifications procedures were applied on each Lands at and ALI 
scene separately by using different classification methods including 
supervised and unsupervised classification. 

5.4.1. Unsupervised Classification: Unsupervised classification 
where the classification is based on the aggregation of the classes 
depending on the spectral reflectance. The iterative Self-
Organizing Data Analysis Technique (ISODATA) was employed 
as a clustering algorithm. 

5.4.2. Supervised Classification: Supervised classification where 
minimum distance to means, and maximum likelihood classifiers 
were run on the landsat and EO-1scenes (ALI&ETM). This 
approach is totally dependent on the spectral pattern recognition 
(Lillesand, 1994). The supervised classification technique is 
preferred, because the data of the study area is known and the prior 

knowledge about the nature of the study area was available. 
Training are were used for the supervised classification of each 
image. These training areas were delineated from a false colour 
composite image. These training sites represent agricultural areas, 
semi natural areas and water bodies. To avoid misclassification, 
these training areas were homogeneous. Ancillary data such as 
aerial photos, ground truth points, and ETM & ALI were 
considered during the selection of training areas in order to obtain 
the test accuracy of the classification results. In the combination of 
multi-spectral bands, three bands including ETM4, 3 and 2 were 
used to supervise classification, which is based on ground data 
collected in the field, from training sample sites. Supervised 
classification is the procedure that user predefines spectral classes. 

6. RESULTS AND DISCUSSION 

6.1 Classification Results 

The various landforms and its changes of the studied area were 
delineated by using the multitemporal Landsat TM& ETM+ and 
EO-1 ALI data, digital elevation model, and ground truth data. 
Both, the ETM+ and ALI supervised classification produced good 
results in discriminating between Agricultural land and bare soil 
and between cultural features and forest. When the spectral 
responses in all bands used were examined before the 
classification, ETM showed poor discrimination between bare soils 
and Agricultural field. However, it showed good results in 
discriminating ALI Spectral bands. Overall, the integration of the 
images into a GIS database, and the postclassification analysis 
were the key for the production of reliable results. In this study, 
totally, five LULC classes were established as agriculture, bare 
soil, pasture, rock outcrop, urban and water. Description of these 
land cover classes are presented in Table 3. Two dated Landsat TM 
& ETM and ALI images were compared supervised classification 
technique figure 7 & 8. Tables 4 portray the attributes and the areas 
derived from the supervised classified TM & ALI scenes. 

 

Table 3. Major Land Covers Features Identified in the Study Area 

Chart 3 shows different land use land cover feature percents in 
result of supervised classified Landsat and ALI data. Here its show 
clearly topographically the study area increased agriculture in some 
parts but due to insufficient rainfall and groundwater lowering the 
agricultural activities is decreased in some of the place in study 
area. In other land cover features like rock outcrops and pastures 
are decreased due to deforestation in semiarid terrain. 
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6.2. Land Cover Changes 

Differences between each land cover through time were computed, 
based on the change detection technique explained previously, for 
each time-period. Arc GIS 9.2, in conjunction with the change 
masks produced in ERDAS, were used to generate the output raster 
maps showing the changes. The new maps were developed 
representing all combinations of category values resulting from the 
cross tabulation of the input maps. A reclassification was then used 
to obtain the final map showing the changes that occurred in the 
area. Field visits to the areas that showed greatest change, and work 
with ancillary photographs and archives for the early years were 
undertaken in order to evaluate the reliability of the change-maps. 

 

Table 4. The Attribute Data Derived from the Supervised 
Classification of Landsat TM (1991) and ALI (2004) Scenes. 

 

Chart 1. Land Cover Statistics Derived from Using Supervised 
Classification of Landsat TM (1991) and EO-ALI (2004) of the 
Study Area 

Results from the analysis indicated that significant differences in 
land cover classes were observed between ETM & ALI images. 
The land classifications were greatly influenced by season or the 
time of the image was taken with respect to the annual cycle, as 
well as weather conditions preceding collection of the data. In this 
image a more diversified classification over agricultural cultivation 
fields appear by the fully growing summer season. As expected the 
classifications will also be limited by the image resolution. For 
these particular images, with a 10-m pixel resolution, the 
classification procedure generated a great deal of mixed classes 
especially over narrow concrete or asphalt tar paved roads, 
highways and small buildings with various neighboring surfaces. 
The ALI classification was also sensitive to moisture content, 
illustrated by the even differentiation within the same crop field. 
The additional bands ms1’ at 0.433 μm, ms4’ at 0.845 μm, and 
ms5’ at 1.200 μm included in ALI data, can be beneficial for 
detecting crop growth condition, inland water quality and more 
detailed soil differentiation in crop fields. Both Landsat and ALI 
data can be used effectively for land cover classification, however 
the higher resolution of ALI data does provide better separation for 
many of the classes. Figure 8 shows a subset of the ALI 04-03- 

2004 classification image and the Landsat 7 TM image acquired on 
10-04- 1991(Figure 7). 

 

Figure 7. Landsat TM (1991) Scene on the Left Side and the 
Derived Thematic Data of the Supervised Classification on the 
Right Side 

 

Figure 8. EO-1 ALI (2004) Scene on the Left Side and the 
Derived Thematic Data of the Supervised Classification on the 
Right Side 

6.3. Agricultural Land Cover Changes According to 
Climate and Topography 

The relationship between Agricultural land cover and topography, 
in the time period of 1991-2004, was analyzed by using 
multitemporal Satellite data and Digital Elevation Model (DEM). 
Before all else, how land use\land cover was changed in the course 
of time was determined according to elevation and climatic 
variability. The results of analysis of land cover in performed 
according to topography and rainfall are given in Figure 9 &10. 
Agricultural lands were mostly located in the region with 250-400 
m of altitude and a decrease occurred in agricultural area with the 
increase in altitude. Since the mountains start right after the sea 
coast, there are forest areas in the coastal region in study area. As 
these areas are mostly rugged, they can be used as neither 
residential nor agricultural areas. The forest areas are densely 
located in the regions with 1000 m of altitude in the study area, and 
the forest area is more than the other kinds of lands in places with 
high altitude. 
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Figure 9. Average Rainfall in Gudiyatham and Ambur Stations 
From 1991 – 2005 

 

Figure 10. Example of Land Use \ Land Cover Map With 
Elevation. A) Landsat TM 1991, B) EO-1 ALI 2004 

 

CONCLUSION 

This paper aims investigating agricultural land use changes 
occurred in arid region between 1991 and 2004 using Landsat TM, 
ETM+ and EO-ALI remote sensing data and GIS. The LULC 
changes were analyzed according to climate and topographical 
variability. The main change observed for the time period of 1991-
2004 was that the area of agriculture was increased in some part 
and decreased in most of the part in study area. Some difficulties 
faced in determining LULC using remotely sensed data in the 
study area. The mountainous and sloping topographic structure of 
the region and complex vegetation of the area and negative climate 
conditions are the essential reasons for those difficulties. For this 
reason, it was quite hard to find usable satellite images. There were 
also some other problems that had stemmed from using different 
sensor technologies (spatial resolution and spectral resolution) in 
comparing Landsat ETM+ and ALI data, and in determination of 
land cover. These problems were tried to be eliminated by 
independently applying supervised classification change detection 
technique to both images. Compared to Landsat data, it provides 
nine observation bands between visible and short wave infrared. 
Since it includes one additional blue range wavelength, one more 
in the near infrared, and the other in the short wave infrared, it 
shows great sensitivity over water bodies and vegetated regions. It 
also gives a better spatial resolution. ALI data can be easily 
generated to 10 meters resolution using its panchromatic band. 
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ABSTRACT: 
 
 
The study of Agro ecological zonation of Fusarium mangiferae in two states namely Andhra Pradesh (AP) and Uttar Pradesh (UP) of India 
were taken, in which randomly selected locations numbering 42 and 112 were identified respectively. For these locations climatic data 
pertaining to maximum and minimum temperature, RH, wind speed and evapotranspiration were collected for a period of 30 years (1972 - 
2002).The data was used to generate weather surface on the vector map of AP and UP. The vector maps were prepared using the GIS. The 
Fusarium favourable areas are mapped by using ‘threshold values’ of weather parameters and geostatistical techniques. The result so 
obtained after layering, the favourable conditions for occurrence of mango malformation were found only in certain pockets of north 
western AP and entire state of UP. GIS tool was found to be very useful for prediction of spatial distribution of MM at regional scale. 
 
 

                                                                 
∗ kivreddy@yahoo.com 

1. INTRODUCTION 

Geographic information systems (GIS) and modeling are becoming 
powerful tools in horticultural research and natural resource 
management. Spatially distributed estimates of environmental 
variables are increasingly required for use in GIS and models 
(Collins and Bolstad 1996). Mango is grown in the tropical and 
subtropical parts of the world between 35º N and 35º S and occupies 
most important place amongst the fruits grown in India. 
Malformation of mango (Mangifera indica L.) induced by 
Fusarium mangiferae (Fusarium moniliformae var. subglutinans) 
is considered as plant disease of international importance. Mango 
malformation malady is one of the most destructive disease in 
nature and the economic losses faced each year vary between 5 to 
60 per cent, which not only causes losses to fruits but also for 
export of mango saplings from India. An overview of the agro 
ecological localization of malformation reveals its incidence 
prominently in the northern belt while the southern regions of India 
are practically free from malformation. No research work has been 
done for developing the agro ecological disease zonation of 
Fusarium (Mango malformation) in relation to weather parameters. 

The aim of this study is to present an approach to developing the 
agro ecological disease zonation of Fusarium (Mango 
malformation) for AP and UP states of India based on weather 
parameters by using GIS techniques in conjunction with other Arc 
View extension tools to areas favorable for mango malformation. 
This study also aimed to evaluate practical use of related 
techniques and software. 

2. MATERIAL AND METHOD 

Regarding software, the Arc View spatial analyst (ESRI 1998) was 
used for inverse distance weighting interpolation. Inputs to the 
module are a point data file and a covariate grid. The program 
yields several output files. 

2.1 Weather data 

Climatic data from 112 stations in UP and 42 stations in AP of 30 
years (1972-2002) observed average monthly values of minimum 
temperature, maximum temperature, relative humidity, wind speed, 
evapotranspiration were used to identify the areas favourable for 
Fusarium. These data will be obtained from a variety of sources. 

2.2 Vectors 

Every pest zonation programme will require a set of vector layers 
including district boundaries. Furthermore, the pest zonation 
programme will want to supplement the above standard vector 
layers with data directly relevant to the programme. Here AP and 
UP vector layers containing district boundaries are used. 

2.3 Study Area 

AP and UP are one of the major mango growing states of India. 
The study was conducted for all districts of AP and UP which 
account for 20 and 12.6 per cents and 28 and 22.2 per cents mango 
area and production of the India (NHB Database 2004) 
respectively. 

2.4 Procedure 

Average monthly values of weather variables of 30 years (1972 to 
2002) climatic data was collected for 42 locations of AP and 112 
locations of UP. The distinction between the malformation prone 
areas and malformation free areas were demarcated based on the 
AP and UP of weather variables of mango growing regions, which 
were arranged them in ID wise in Microsoft Excel sheet. The 
climatic data in Microsoft excel was converted into Dbf (Data base 
file) and it was added to Arc View 3.2. Then A.P district and 
weather data shape (shp.) files were prepared separately. Similarly 
U.P district and weather data shape files also prepared. 
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2.5 Interpolate surface 

Interpolate a continuous surface from point climatic data using 
inverse distance weighting surface. For this, the weather dbf in Arc 
View 3.2 was selected, with in that surface option was clicked for 
generating the following information among which out put grid 
specifications are changed like 

For A.P: 

 Out put grid extent - Same as A.P district SHP 

 Out put grid cell size - 0.031715 

 Number of rows - 227 

 Number of columns - 254 

 Inter surface method – IDW (Procedure explained in 
later step) 

 Z value field: weather parameter 

 Number of neighbours: 12 

For U.P: 

 Out put grid extent - Same as U.P district SHP 

 Out put grid cell size - 0.031715 

 Number of rows - 227 

 Number of columns - 267 

 Inter surface method – IDW (Procedure explained in 
3.6.1.1) 

 Z value field: weather parameter 

 Number of neighbours: 12 

ArcView Spatial Analyst did that integrated raster–vector theme 
analysis such as aggregating properties of a raster data theme based 
on an overlaid vector data theme. By the above procedure the 
surface of A.P and U.P from weather dbf can be obtained. The 
boundary vectors of AP and UP were overlaid. The interpolated 
surfaces were clipped to the area of AP and UP to avoid side 
effects. Interpolated climate surfaces are used to create grid-cell-
size climate files for further use. 

2.6 Inverse distance weighted averaging (IDWA) 

IDWA is a deterministic estimation method whereby values at 
unsampled points are determined by a linear combination of values 
at known sampled points. Weighting of nearby points is strictly a 
function of distance. This approach combines ideas of proximity, 
such as Thiessen polygons, with a gradual change of the trend 
surface. The assumption is that values closer to the unsampled 
location are more representative of the value to be estimated than 
values from samples further away. Weights change according to 
the linear distance of the samples from the unsampled point; in 
other words, nearby observations have a heavier weight. The 
spatial arrangement of the samples does not affect the weights. 

Distance-based weighting methods have been used to interpolate 
climatic data (Legates and Willmont 1990; Stallings et al. 1992). 
The choice of power parameter (exponential degree) in IDWA can 
significantly affect the interpolation results. At higher powers, 
IDWA approaches the nearest neighbor interpolation method, in 
which the interpolated value simply takes on the value of the 
closest sample point. IDWA interpolators are of the form: 

ˆy(x) = i y(xi) 

Where  

i = the weights for the individual locations. 

y(xi) = the variables evaluated in the observation locations 

The sum of the weights is equal to 1. Weights are assigned 
proportional to the inverse of the distance between the sampled and 
prediction point. So the larger the distance between sampled point 
and prediction point, the smaller the weight given to the value at 
the sampled point. 

2.7 Reclass of Surface from Weather DBF 

In Arc View 3.2. analysis was clicked and selecting 
reclassifications, in which values were reclassified. There after 
Fusarium moniliformae var. subglutinans favourable and 
unfavorable weather conditions were added with which the Reclass 
of surface from weather dbf was obtained. 

2.7 Convert SHP Files 

Reclass of surface from the above weather dbf was selected with in 
that click the theme option and subsequently apply convert SHP 
was selected. In this SHP file the legend was edited and the legend 
type was changed from single symbol to unique value and with in 
that value field was changed from none to grid code. 

2.7 Geoprocessing 

In this step SHP of respective was selectedted with in that pointer 
was directed to view and geoprocessing subsequently. Later in the 
activated field intersect was clicked for combining the two themes 
in which one is A.P district SHP and other is weather. 

 Input theme to intersect - A.P district.shp. 

 Overlay theme - A.P Weather.shp. 

 Similarly for U.P also 

 Input theme to intersect - U.P district.shp. 

 Overlay theme - U.P Weather.shp. 

By the above procedure a single A.P and U.P district maps of two 
intersects was obtained with in which legend was edited by giving 
labels of Favourable and Unfavourable. 

2.7 Layout 

With the selection of intersect theme the pointer was directed to 
view for layout generation and enlarged the map copied the same 
in Microsoft Power point slide. By the above procedure we will get 
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AP and UP Fusarium favourable and unfavorable mango growing 
zones with individual weather parameters for flowering season. 

2.7 Composite map generation (Layering) 

By using ArcView Spatial Analyst we will get integrated raster–
vector theme analysis such as aggregating properties of a raster 
data theme based on an overlaid vector data theme. Layering of all 
individual AP and UP Fusarium favourable and unfavorable mango 
growing zones with individual weather parameters for flowering 
season are done by using the Arc View – map calculator. By this 
we will get individual map of AP and UP Fusarium favourable and 
unfavorable mango growing zones with all weather parameters 
(Fig 1 and 2). 

3. RESULTS AND DISCUSSION 

The favorable weather conditions (i.e., minimum temperature, 
maximum temperature, relative humidity, wind speed and 
evaporation) for the growth and development of Fusarium 
mangiferae are presented in Table 1. These are the threshold values 
obtained from the graphical analysis and comparison of 
malformation prone and free areas weather variables. Also these 
threshold values are in concurrence with the results obtained from 
laboratory studies (Mitra 1979) for maximum temperature and 
minimum temperature. 

Weather Parameters Flowering 
T Max < 29 ºC 
T Min < 17 ºC 
RH < 66 % 
Wind speed < 3.6 km/hr 
Evaporation < 4.2 mm/day 

Table. 1: The Favourable Weather Conditions (Threshold Values) 
for the Development of Fusarium Mangiferae and Occurrence of 
Mango Malformation 

Agro ecological zonation of favorable climatic conditions for the 
Fusarium mangiferae growth and development over Andhra 
Pradesh and Uttar Pradesh are presented in Fig.1 and 2. For the 
development of Fusarium mangiferae during flowering period in 
the month of November (initial month of flowering), favourable 
maximum temperatures were observed at Srikakulam, Rangareddy, 
Hyderabad districts and partly districts of Chittor, Anantapur, 
Cuddapah, Prakasam, Vizianagaram, Mahabubnagar, Medak and 
Nalgonda. The favorable minimum temperatures were observed 
over parts of Adilabad, Karimnagar, and Nizamabad. The relative 
humidity was favorable over Adilabad, Nizamabad, Karimnagar, 
Medak and Rangareddy districts and parts of Warangal, Nalgonda, 
Mahabubnagar, Kurnoor and Anantapur districts. Wind speed was 
favorable in Krishna district only, whereas evaporation was 
favourable in the parts of Srikakulam, Vizianagaram, Krishna, 
Nellore, Chittor, Cuddapah and Anantapur districts. The composite 
map developed for the month of November by layering the above 
all weather variables showed that the conditions for the 
development of Fusarium were found to be favourable only in 
certain pockets of North Western AP particularly districts of 
Medak, Rangareddy, Hyderabad and part of Adilabad. The 
remaining districts of AP are relatively free from the disease. 

 

 

Figure 1. Composite AP Map Showing Favourable Area for 
Fusarium During November and December 

The weather variables behavior during the month of December (2nd 
month of flowering) in Andhra Pradesh, for the favoring the 
Fusarium mangiferae are presented in Fig. 1 The maximum 
temperature was favorable for entire Andhra Pradesh, whereas 
minimum temperatures prevailed over Adilabad, Karimnagar, 
Nizamabad, Medak and Hyderabad districts and parts of 
Rangareddy, Warangal, Nalgonda and Mahabubnagar districts. The 
evaporation was favorable over Adilabad, Karimnagar, 
Nizamabad, Khammam, East Godavari, Srikakulam and Krishna 
districts and parts of Nalgonda, Medak, Hyderabad, Rangareddy, 
Prakasam, Guntur, West Godavari, Visakapatnam and 
Vizianagaram. Relative humidity was favorable Adilabad, 
Karimnagar, Nizamabad, Rangareddy and Hyderabad districts and 
Mahabubnagar, Kurnool, Anantapur, Cuddapah, Nalgonda, 
Karimnagar, Khammam and Srikakulam districts. Wind speed was 
favorable in all the districts of AP except in West Godavari district. 
The composite map developed by layering the above all weather 
variables showed that the conditions for the development of 
Fusarium were found to be favourable only in certain pockets of 
North Western AP particularly districts of Medak, Rangareddy, 
Hyderabad and part of Adilabad and Srikakulam. The remaining 
districts of AP are relatively free from the disease during the 
December month. 

The low temperature (maximum and minimum), moderate relative 
humidity, evaporation and feeble wind favoured the growth of 
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Fusarium mangiferae over the Indian sub continent. In Andhra 
Pradesh the favorable minimum temperature and relative humidity 
both are observed over parts of Medak, Adilabad, Karimnagar, 
Nizamabad and Rangareddy. This might be due to the moderate 
weather conditions, which were influencing by the Bay of Bengal. 

In Uttar Pradesh the favorable weather conditions prevail in all 
districts except Lalitpur. The weather variables behavior for the 
entire state during the February month (initial month of flowering) 
was presented in Fig. 2. The maximum and minimum 
temperatures, relative humidity and wind speed were favorable for 
the Fusarium mangiferae in the entire state, whereas that the 
evaporation was favorable for entire state, except Lalitpur district. 
The composite map developed for the month of February by 
layering the above all weather variables showed that the conditions 
for the development of Fusarium were found to be favourable 
entire state except Lalitpur. These results are in conformity with 
Chakrabarti and Kumar, (2002). 

 

 

Figure 2. Composite UP Map Showing Favourable Area for 
Fusarium During February and March 

The weather variables behavior for the entire state during the 
March month (2nd month of flowering) is presented in Fig. 2. The 
maximum temperatures were favorable in parts of Bijnor and 

Meerut, whereas the minimum temperatures were favorable in the 
Saharnapur, Bijnor, Meerut, Ghaziabad, Bulandshahr, Moradabad, 
Rampur, Barelly, Pilibht, Buduan, Aligarh, Hathras, Mathura, 
Firozabad, Etah, Shahjahanpur, Firozabad, Agra, Mainpur, Kanauj, 
Auraiya, Hardoi districts and parts of Bahraich, Unnao, Lucknow, 
Jhansi, Mahoba, Hamirpur, Julan, Kanpur, Sonbhadra, Maij and 
Balarampur districts. The relative humidity and wind speed 
favorable for the entire state, while evaporation for the Fusarium 
mangiferae growth and development was unfavorable in the entire 
UP state except parts of Hardoi district. The composite map 
developed by layering the above all weather variables showed that 
the conditions for the development of Fusarium were found to be 
favourable only in entire districts of Muzaffarnagar, Bijnor and part 
of Saharnapur, Meerut and Hardoi districts. The remaining districts 
of UP are relatively free from the disease during the March month. 

In Utter Pradesh during the flowering periods (February-March) 
the weather variables were highly favorable for the entire state. 
Also along with the weather variables (i.e., minimum and 
maximum temperature, relative humidity, wind speed and 
evaporation) number of the cloudy days, and daily duration of 
wetness over flower surface favoured the growth and development 
of Fusarium mangiferae. GIS tool was found to be very useful for 
prediction of spatial distribution of Fusarium mangiferae at 
regional scale which otherwise could have been impossible. 
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ABSTRACT: 
 
The role of land surface in earth-atmosphere system is crucial to predict weather and future climate at meso (~10 km) and micro (~ 1 km) 
scales. Systematic measurements of Land Surface Processes (LSP) within boundary layer are extremely important to understand the 
vegetation-atmosphere feedback, to develop new parameterization schemes for Land Surface Models (LSM) and validation of satellite 
based estimates. Till now, India had no such network of regular micrometeorological observation system for recording, archiving and 
converting data into scientific usable format. A prototype model of 10 m tall micrometeorological tower known as Agro-Met Station 
(AMS) has been defined and designed for short canopies (maximum average height 3m) such as agriculture, grasslands, natural bush etc. 
This has sensors capable of measuring radiation, energy and soil water balance components continuously with a total of 26 quantities at 
half-an-hour interval. The data can be archived in and retrieved back from 16-channel datalogger alongwith station location and time 
stamping from in-built Global Positioning System (GPS). INSAT-uplinked AMS transmitter operates at a frequency of 402.75 MHz ± 200 
KHz. This dessiminates in situ measured data every hour from any remote station installed in the footprint of INSAT / KALPANA-1 
Satellite. The transmitter output is connected to crossed Yagi antenna through antenna port with antenna gain of 11.5 dBi with isotropic 
gain for both right-hand and left-hand polarization field. The data transmission rate is 4.8 kbps. Transmission format of AMS is 
programmed in such a way, that data can be transmitted in two bursts within one millisecond to accommodate a maximum of 26 
measurement fields. The data are generally retransmitted through KALPANA-1 extended C-band transponder at 4.5 GHz frequency to 
earth which are received through antenna at earth station. This frequency is modulated at 2-3 times to reduce the frequencies and ultimately 
converted to rawdata, which were again converted to user-friendly data format. A 20 watt solar panel is used for charging the sealed 
maintenance free 12Volt /26AH Battery, which delivers typical peak power of 18 watts with full sunshine and acts as power source for 
AMS. A preliminary evaluation on functioning of prototype AMS has been carried out over four agricultural sites including C3 (rice, 
groundnut) and C4 (sorghum) crops over semi-arid climate in India. The seasonal variation of surface fluxes across the sites and crops have 
been well captured. The setting-up of network of such towers is in progress. This kind of in situ system with the aid of geostationary 
communication transponder is unique in the world and would help in systematic micrometeorological measurements for land surface 
studies also in other Asian countries within the satellite footprint. 
 
 

                                                                 
∗ bkbhattacharya@sac.isro.gov.in  

1. INTRODUCTION 

Vegetation growth depends on the ability of leaves or roots to 

capture and use solar radiation, CO2, water and nutrients, with solar 

radiation providing energy to drive both CO2 assimilation and 

water transpiration processes. Growth engines can be categorized 

as ‘carbon-driven’, water-driven’, or ‘energy-driven’ (Steduto, 

2005). The atmospheric clearness or turbidity determines amount 

of solar radiation reaching at and within canopy. Different 

atmospheric parameters such as: aerosol, water vapour, ozone 

content and cloudiness determine atmospheric clearness and 

turbidity, which, in turn, determine canopy radiation and energy 

budget. The exchange of heat and mass (water and CO2) between 

canopy and air is linked to vegetation water use. The changing 

pattern of atmospheric turbidity due to increase or decrease in 

aerosol loading, ozone (Yamasoe et al., 2006) alters insolation and 

its proportioning to direct and diffuse components. Insolation and 

its partitioning influence fluxes, radiation and water use by 

vegetation. The responses vary with vegetation and climate types. 

Therefore, a modeling effort is needed to characterize the influence 

of diffuse radiation on energy and mass exchange processes, 

radiation and water use efficiencies, productivity of different 

vegetative systems. This can be achieved through systematic 

network of measurements from tower-based observations either 

with slow or high response sensors. Moreover, the measurements 

from a large network in different vegetative systems have multi-

purpose usage such as defining new LSM (Land Surface Model) 

parameterization scheme for climate models, validation of LSM 

output, upscaling and downscaling of fluxes using satellite data. 

Globally, such network of measurements called FLUXNET 

(Baldocchi, 2003) with high response sensors is existing. AsiaFlux 

is Asian arm of FLUXNET. In India, a Land Surface Processes 
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Experiment (LASPEX) was conducted during 1997-98 using five 

10 m micromet tower measurements (Vernekar et al, 2003) with 

slow response sensors within 100 km x 100 km in semi-arid 

climate to validate GCM outputs (1° x 1°). With the time elapsed, 

no further effort was made to develop new LSM schemes or 

improve present LSMs relevant for Indian monsoon region. The 

present effort is to provide a network platform for recording 

systematic micrometeorological measurements over different 

vegetation types in India with the following objectives : 

1. To define and demonstrate a INSAT uplinked micro-
meteorological measurement system over short cano-
pies (upto 3 m) using slow response sensors 

2. To understand the vegetation-atmosphere response 
and feedback over Indian monsoon region 

Upscaling and downscaling of surface fluxes for validation of 
satellite based estimates 

2. BASIC PRINCIPLES OF  
MICROMETEOROLOGICAL FLUX 

MEASUREMENTS WITHIN SURFACE LAYER 

Broadly, radiation, energy and water balance components as well 
as net CO2 exchange rate are considered in most of the 
micrometeorological measurements within surface layer (~ <15 m) 
at local to landscape scales using portable or tower based system. 
The Bowen ratio or eddy covariance systems are placed on towers 
for such measurements. The tower height depends on the fetch 
ratio. The basic principles are outlined below : 

2.1. Portable or Micromet tower 
The surface energy balance at any instance can be written as: 

SMEGHRn ++++= λ  (1) 

Here, the net radiation ( Rn ) is partitioned into heat fluxes such 

as: latent ( Eλ ), sensible ( H ), soil heat (G ) and energy 

required for metabolic activities ( M ) and canopy storages ( S ). 

The terms, M and S , are very negligible (2-5%) for short 
canopies (< 3 m). The equation 1 can be rewritten as (neglecting 

M and S ) : 

EGHRn λ++=   (2) 

The radiation balance can be written as : 

↓−↓+↑−↓= llss RRRRRn  

All the four radiation components, incoming ( ↓sR ) and 

outgoing ( ↑sR ) shortwave radiation, incoming ( ↓lR ) and 

outgoing ( ↓lR ) longwave radiation, are measured using net 

radiometer. 

The soil heat flux (G ) can also be directly measured using heat 
flux plate or indirectly computed as: 

dz
dT

KG soil=    (3) 

Here, K is soil thermal conductivity and 
dz

dTsoil is soil 

temperature (T ) gradient with depth ( z ). The sensible ( H ) and 

latent heat flux ( Eλ ) components can be computed as a residual 
from energy balance through bowen ratio (β) and net available 

energy (Q  = GRn − ). Independently, H and Eλ  can also 

be computed using aerodynamic flux-profile method. 

2.1.1. Bowen ratio method: 
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The air temperature (
dZ
dTa ) and vapour pressure (

dZ
dea ) gradients 

can be determined through multi-height measurements within 

surface layer (or laminar boundary layer) embedded in atmospheric 

boundary layer (ABL). The Bowen ratio energy balance method 

(BREB) is a residual method that assumes perfect closure of energy 

balance. 

2.1.2. Aerodynamic flux-profile method: This is based upon 

determination of exchange coefficient from resistances through 

frictional velocity and atmospheric stability corrections to take care 

of proportions of free and forced convections. Based on similarity 

theory of all exchange processes between land and atmosphere, the 

functional forms can be written as: 

ah

a
p r

dT
CH ρ=   (5)  

ae

ap

r
deC

E
γ

ρ
λ =   (6) 

The exchange coefficients ( ahr  and aer ) can be determined from 

canopy height and vertical wind profile above canopy. The basic 

inputs are roughness length, displacement height and frictional 

velocity. The latter one can be computed through slicing of 

Richardson number ( iR ) and iterative solution for Monin-

Obhukov length ( L ). The aerodynamic method can be used for 

energy balance closure correction. 
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3. METHODOLOGY 

3.1 Definition of tower Based INSAT- Uplinked Agromet 
Stations (AMS) 

Initially, a micrometeorological tower of 10 m maximum height, 
named as Agromet Station (AMS), was defined to record 
automated measurements of radiation, energy and water balance 
components primarily for agricultural systems where mean 
maximum canopy height vary between 1 to 2.5 m. But the same 
data collection system can be extended to other vegetation types 
such as grasslands, natural shrub. In forest system, it may require 
modification. Prototype 10 m AMS was designed with three groups 
of sensors such as : radiation, energy and soil water balances. The 
sensors and technical specifications of prototype AMS are given in 
the Table 1. 

Basic 
Observable 
Parameters 

Sensor 
Name & 
Model 

Accuracy Heights 
(m) 

Air temperature Platinum 
resistance 
(Pt 1000 or 
CS500 or 
HMP45C) 

±0.10C 
range: 
-20 to 600C 

1.25, 2.5, 
5 

Relative 
humidity 

Capacitor type
(HMP45C) 

±1% 
(range: 0-100%) 

1.25, 2.5, 
5 

Wind speed Anemometer 
3-cup rotor 
 

±2% of FSQ 
(range : 0.2-
60ms-1) 

2, 4, 8 

Atm. pressure 
sensor 

Transducer ±2% of FSQ 2 

Rainfall  Tipping bucket ±1 mm 1 
Net radiation 
(Incoming, 
outgoing 
shortwave, 
Incoming and 
outgoing 
longwave) 

Four 
component net 
radiometer 

±5 -10Wm-2 

Range 
(0-1000Wm-2) 

4 

Diffuse 
radiation 

Shaded 
pyranometer 

±5 -10Wm-2 

Range 
(0-1000Wm-2) 

4 

Ground heat 
flux 

Heat flux plate
(HFP01SC) 

±3% of FSQ - 0.1, - 0.2

Soil temperature Soil 
thermometer 

±0.10C -0.05, -
0.1, -0.2 

Volumetric soil 
moisture  

Soil moisture 
sensor 

± 5% FSQ 
range 
0- 0.45cm3 cm-3 
 

-0.05, -
0.1, -0.2 

Table 1: Sensor Specifications of AMS 

3.2 Power Source and Battery Back-up 

A 20 Watt solar panel is used for charging the Sealed Maintenance 
free 12Volt /26AH Battery, which delivers typical peak power of 
18 watts with full sunshine. This panel consists of series connected 
monocrystalline silicon solar cells. The glass is self-cleaning in 
most climates, retains its excellent transmissivity indefinitely, and 

is extremely resistant to mechanical stress. The module is framed 
with lightweight corrosion-resistant anodized aluminum sections 
with silicon edge sealant around the laminate. As per the power 
budget calculation 12 V/ 26 AH battery with 20 Watt solar panel 
for charging the battery is adequate to give 30 days backup for all 
the places of the country except the snow bound areas. 

3.3 Datalogging, Storage, Transmission and Reception 

The datalogger gathers the data from different sensors. It is 25-
channel datalogger. The collected data are also stored in the 
datalogger memory. The powerful micro-controller of datalogger 
does all the functions of data collection, storage and transmission in 
the programmed time slots. A real time clock in the data logger unit 
controls timing accuracy. To improve the timing accuracy, GPS 
receiver is used to update once. The overall timing accuracy can be 
maintained to a millisecond. A Keyboard is provided with user 
programmable capability and LCD display. User defined password 
enables the programming facility. The micro controller formats the 
data to be transmitted as per given format and enables the 
transmitter 30sec before transmission. This time is programmable 
and it can be adjusted depending on the frequency stability 
requirements of the transmitter. UHF(Ultra High Frequency) 
transmitter is designed to operate under the control of the micro 
controller. It has BPSK modulation capability with RF (Radio 
Frequency) power more than 10W operating in a fail-safe mode. 
The frequency and power of the transmitter can be selectable 
through data logger. INSAT-uplinked AMS transmitter operates at 
402.75 MHz ± 200 KHz. AMS transmitter dessiminates in situ 
measured data every hour from any remote station installed in the 
foot print of INSAT 3A / KALPANA-1 Satellite. The transmitter 
output is connected to crossed Yogi antenna through antenna port 
with antenna gain of 11.5 dBi with isotropic gain for both right-
hand and left-hand polarization field. The effective isotropic 
radiative power, EIRP, (transmitted power + gain amplifier) is 
about 30dB. The data transmission rate is 4.8 kbps. This Yogi 
antenna has provision to change the LHCP and RHCP polarization 
on field. The antenna gain is fixed in such a way that the data from 
tower location falling apart from contours of primary and 
secondary zones can be captured and transmitted to the satellite. 
Therefore, data transmission from any remote location within the 
satellite footprint is possible. The antenna is made of rust-resistant 
material and is moisture-proof. This antenna has been designed and 
developed for wider bandwidth (> 40°). Data transmission format 
of AMS is programmed in such a way, that data can be transmitted 
in two bursts within one millisecond to accommodate a maximum 
of 26 measurement fields. The data are generally retransmitted 
presently through KALPANA-1 extended C-band transponder at 
4.5 GHz frequency to earth which are received through antenna at 
earth station. This frequency is modulated at 2-3 times to reduce 
the frequencies and ultimately converted to rawdata which were 
again converted to usable dataformat. The life of Kalapana-1 
satellite is expected upto end of 2010. Afterwards, similar 
transmission would be possible with INSAT 3A transponder. 

3.4 Data Processing 

The processing software of transmitted data has the following 
features : 

1. Complete intelligent telemetry processing system 

2. Operates on windows operating system 
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3. Toolkit available for customized local data processing 
and storage manager 

4. User interface for all the configuration regarding the 
individual station and sensor setup 

5. Parity errors check in the received AMS messages 

6. Facility to view the data in tabular format 

7. Facility to export data into text, excel (CSV) files format. 

The overall dataflow is shown in Figure 1 

Down converter & 
Burst Demodulator 

Data Inject 
System (DIS)

Un-Filter 
Data 

Data Decoding 
Module 

Database

Data Viewer  

Figure 1. Schematic Diagram of Data Flow after Reception 
from Satellite 

The unique characteristics of ISRO-AMS are as follows: 

1. Most of the sensors are indigenously made except 
radiation sensors 

2. Indigenously made datalogger capable of recording and 
storing data 

3. Data uplinking and downlinking facility through INSAT 
communication transponder 

4. Network of automated micrometeorological observations 

5. Data to be accessible to researchers, modelers and 
validation tool for satellite derived products 

6. After sale service (calibration etc.) is available in India 
for assessing long term reliable measurements to add to 
land surface databases 

4. RESULTS AND DISCUSSION 

4.1 Evaluation of Surface Fluxes from AMS 

The AMS were put in operation at four semi-arid agricultural sites: 
RRS, Nawagam, Gujarat; JAU, Junagadh, Gujarat; RARS, Bijapur, 
Karnataka and CRIDA, Hyderabad, Andhra Pradesh. The data 
were acquired as half-hourly averages during monsoon period 
between May to September 2008. Three surface flux components 
such as: net available energy, sensible and latent heat fluxes were 

computed from radiation balance components, soil heat flux and 
vertical gradient of air temperature and relative humidity over 
different agricultural canopies during this period. The data were 
analyzed from four different sites situated in semi-arid climate. In 
all the four sites (Figure 2a-d), distinguished diurnal variation is 
evident with negative or no zero values in the night, but positive 
magnitude between sunrise to sunset. Sitewise differences clearly 
indicated the role of atmospheric transmissivity under clear and 
cloudy conditions, canopy types and stages and soil moisture 
distribution on energy partitioning. Presence of clouds could reduce 
the overall energy input and its partitioning. 

Attempts have been made to derive sensible heat flux, the most 
critical component of surface energy balance, using aerodynamic 
profile technique using iterative procedure with Monin-Obukhov 
Similarity Theory (MOST) in addition to Bowen ratio method. The 
test study has been carried out using AMS data from Hyatnagar 
farm, CRIDA, Hyderabad and Nawagam farm, Gujarat. Examples 
of diurnal variability of sensible heat fluxes (H) are shown in 
Figure 3. There was substantial difference in ‘H’ at Nawagam and 
Hyatnagar due to differences in rice types. The lesser ‘H’ in 
Nawagam (-25 to 50 Wm-2) is due to transplanted rice with 
submerged water in contrast to dryland direct seeded rice in 
Hyatnagar (-10 to 190 Wm-2). Moreover, the daily average solar 
energy input in Hyderabad is generally higher (90 – 320Wm-2) than 
at Nawagam (10 – 250 Wm-2). 

 

Figure 2a & b. Diurnal Fluxes Over Nawagam and Junagadh 
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Figure 2c&d. Diurnal Fluxes over Hyderabad and Bijapur 
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Figure 3. Examples of Diurnal Variation of Sensible Heat 
Fluxes (in Wm-2) on Y-axis at Different IST Hours (X-axis) 
from AMS Data Using MOST in Semi-arid Agricultural 
landscapes 

4.2 Transmissivity vs. Evaporative Fraction on Clear and 
Cloudy Days 

Transmissivity and evaporative fraction computed from AMS 
surface flux components at peak vegetative growth of kharif rice at 
Nawagam and kharif groundnut at Junagadh are plotted. In clear 
skies, evaporative fraction was found to vary between 0.7 to 0.9 at 
all transmissivity levels between 0.4 to 0.8. The higher evaporative 
fraction corresponds to near potential rate of evapotranspiration 
from unstressed rice and groundnut growth. It was found that there 
was very good correlation between transmissivity and evaporative 
fraction for transmissivity < 0.4 coincident to cloudy conditions for 
different fractional vegetation cover conditions (Figure 4). 

In cloudy skies, the gradient of water vapour potential between 
surface to atmosphere becomes low or sometimes just opposite to 

that in clear skies. The vapour pressure difference between canopy 
to atmosphere may become less than canopy-air temperature. 
Moreover, canopy resistance to diffusion vapour transfer gets 
substantially increased as compared to resistances to heat 
exchange. Both the factors might have led to significant drop in 
latent heat fluxes as compared to sensible heat fluxes. This could 
decrease evaporative fraction due to presence of clouds. The 
validity of these findings is still to be ascertained though 
simulations and independent H and LE data. The emipirical 
relations in cloudy skies for different vegetation types would help 
derive evaporative fraction as a function of transmissivity. 
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Figure 4. Plot of Atmospheric Transmissivity and Evaporative 
Fraction 

CONCLUSION 

The study demonstrates the functioning of prototype network 
measurements of radiation and energy balance components or 
micrometeorological studies for the first time using communication 
link of Indian geostationary satellite. Preliminary site specific 
evaluation was made to check the data quality and to study the 
differences of radiative, convective fluxes and evaporative fraction 
both in clear and cloudy skies over different agricultural regimes in 
semi-arid climate. This measurement system will be able to provide 
new insight to characterize flux behaviour over different vegetative 
systems and their modelling. 
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ABSTRACT:  
 
Temperature is one of the most important elements of the climate which determines the potential productivity level particularly for winter 
crops. Heat unit requirement or growing degree days (GDD) has been used for characterizing the thermal response in wheat crop. The 
quantification of heat use efficiency (HUE) is useful for the assessment of yield potential of a crop in different growing environments. A 
field experiment was carried out during Rabi season of 2007-08 and 2008-09 at the Crop Research Centre (CRC) of G. B. Pant University 
of Agriculture & Technology, Pantnagar to quantify GDD requirement of different phenophases of wheat with two genotypes as 
influenced by three sowing dates. Pantnagar is situated at 29° N latitude, 79.3° E longitude and at an altitude of 243.8 m above mean sea 
level. The area lies in the ‘Tarai’ belt located in the foot hills of Himalayas. The area falls under sub-humid subtropical climate with an 
annual rainfall about 1400 mm, out of which 80 percent is received during SW monsoon. The studies revealed that the wheat sown on 20 
November, accumulated higher number of GDDs and low PTI with higher HUE, among the genotypes tried. In case of PBW-343 higher 
GDD was recorded followed by WH-542 during almost all the phenophases of wheat for the year 2007-08 and the trend was also similar 
during the year 2008-09. Among the sowing dates, crop sown on 09 January accumulated higher PTI for PBW-343 over WH-542 during 
the study period. The HUE value was highest for the crop sown on 20 November with genotype PBW-343; it decreased with the delayed 
sowings. Among the sowing dates, higher grain yield was observed with low value of PTI for the crop sown on 20 November during both 
the years. High value of HUE gave good yield and it decreased with the delayed sowing. 
 
 

                                                                 
∗princeryri5005eu@gmail.com  

1. INTRODUCTION 

Temperature is an important weather parameter that affects plant 
growth, development and yield. Winter crops are vulnerable to 
high temperature during reproductive stages and differential 
response of temperature change (rise) to various crops has been 
noticed under different production environments (Kalra et al 2008). 
Hundal (2004) observed that a 2 OC increase in temperature in 
wheat or rice resulted in 15-17 percent decrease in grain yield of 
both crops but beyond that the decrease was very high in wheat. 
Cool weather during vegetative period and warm weather during 
maturity are ideal requirements for wheat (Mavi, 1986). Light 
response i.e. photoperiodism, which not only controls the 
temperature factor but also regulates the vegetative growth as well 
as flowering of the plants, is important weather element for wheat 
crop to assess the thermal response and its requirement during 
different phenophases to harvest potential yield. Changes in 
seasonal temperature affect the grain yield mainly through bringing 
changes in phenological development processes. Heat unit 
requirement or GDD has been used for characterizing the thermal 
response in winter wheat crop (Rajput et al 1987; Shanker et al 
1996). The quantification of heat use efficiency (HUE) is useful for 
the assessment of yield potential of a crop in different environment. 

2. MATERIALS AND METHODS 

A field experiment was carried out during Rabi season of 2007-08 
and 2008-09 at the Crop Research Centre (CRC) of G. B. Pant 
University of Agriculture & Technology, Pantnagar to quantify 

GDD requirement of different phenophases of wheat with two 
genotypes viz. PBW-343 and WH-542 as influenced by three 
sowing dates viz. 20 November, 15 December and 09 January 
along with three replications. Soil of the experimental field was 
silty clay loam. The experiment was conducted in split-plot design 
(SPD). Pantnagar is situated at 29° N latitude, 79.3° E longitude 
and at an altitude of 243.8 m above mean sea level. The area lies in 
the ‘Tarai’ belt located in the foot hills of Himalayas. The area falls 
under sub-humid subtropical climate with an annual rainfall about 
1400 mm, out of which 80 percent is received from mid June to 
September during SW monsoon. Maximum and minimum 
temperature (Fig.1) during the crop growing period of wheat was 
recorded from meteorological observatory of the University. Heat 
unit concept has been applied to correlate phenological 
development in crops to predict sowing and maturity dates (Mills, 
1964; Nuttonson, 1955). GDD were calculated using base 
temperature of 5 OC from daily mean temperature. 

bTTTGDD −⎟
⎠
⎞

⎜
⎝
⎛ +

= ∑ 2

minmax  

Phenothermal index (PTI), the ratio of degree days to the number 
of days between two phenological stages was calculated as; 

sphenophasetwobetweentakendaysofNo
stagesicalphenotwobetweenGDDPTI

.

log
=  
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Heat use efficiency (HUE) for grain yield was obtained as; 

         
dayCunitsheatdAccumulate

hakgYieldGrainHUE o

)( 1−

=  

3. RESULTS AND DISCUSSION 

3.1 Growing Degree Day (GDD) 

Higher GDD was recorded with 20th November sowing followed 
by 15th December sowing at almost all the phenophases of wheat, 
while the lowest GDD was obtained with sowing done on 09th 
January in both the years (Table 1a & 1b). At maturity stage, 
higher GDD was recorded in case of genotype PBW-343 followed 
by genotype WH-542 among all the sowing dates tried. In 2007-08 
maximum GDD (1601.35) was recorded for PBW-343 followed by 
WH-542 (1548.80) on 20th November sowing (Table 1a). Also, 
similar results were found for 2008-09 (Table 1b). GDD decreased 
with late sowing for all the genotypes in both the years. Decreased 
heat units requirement with delay in sowing were also reported by 
Rajput et al, 1987; Agrawal et al, 1999 and Singh et al, 2008. 

3.2 Phenothermal Index (PTI) 

Phenothermal index mostly decreased till jointing to 50% 
flowering stage during all the sowing dates and genotypes in both 
the years.  Maximum PTI (13.31-22.51 in 2007-08 and 17.46-24.43 
in 2008-09) was recorded during maturity stage. In the year 2007-
08, among the sowing dates, maximum PTI (22.51) was recorded 
at 09th January sowing for the genotype PBW-343 followed WH-
542 (21.34) (Table 2). Also similar results were found in the year 
2008-09; maximum PTI (24.43) was recorded for PBW-343 
followed by WH-542 (22.94) on 09th January sowing (Table 2). 
Kumari et al (2009) also reported similar results. 

3.3 Heat Use Efficiency (HUE) 

Amongst the date of sowing, timely sown wheat crop (20th 
November) exhibited maximum HUE of 2.93 kg grain ha-1 deg 
days-1 for the genotype PBW-343 followed by WH-542 (2.89 kg 
grain ha-1 deg days-1) in both the years (Table 3). HUE was found 
to be decreased with late sowing for both the genotypes during 
studying period. Timely sowing (normal) of wheat crop, in this 
region, seems to be essential for harnessing the good impact of the 
prevailing weather conditions. 

3.4 Yield Response of Wheat 

Timely sown wheat crop (20th November) with an average seasonal 
air temperature of 16.3 OC produced highest yield of 4691.53 kg 
ha-1 in 2007-08 and 4191.53 kg ha-1 in 2008-09 with an average 
seasonal air temperature of 17.9 OC . With every 25 days delay in 
sowings an increase in average seasonal air temperature (17 to 18.6 
OC) caused reduction in yield by 13 to 26 percent in the year 2007-
08, whereas in 2008-09  an increase in average seasonal air 
temperature (18.8 to 20.4 OC) caused reduction in yield by 15to29 
percent (Table 3). 

CONCLUSION 

It is therefore, concluded that sowing of wheat crop on 20th 
November required higher GDD during crop growth period with 
higher HUE and lesser PTI requirement than sowing on 15th 
December and 09th January. In 2007-08, 20th November sowing 
recorded maximum grain yield to the extent of 13.17 % higher over 
15th December sowing and 26.53 % over 09th January sowing in 
case of PBW-343 indicating optimum thermal regime. Maximum 
grain yield was also recorded in 2008-09 with the crop sown on 
20th November sowing which was 14.74 % and 29.7 % higher than 
15th December and 09th January sowings for PBW-343 
respectively. The response of wheat crop to different thermal 
regimes, suggests that under the given agroclimatic conditions of 
Uttarakhand, the wheat crop sown on 20th November proved to be 
beneficial as the farmers can keep good harvest. 
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ABSTRACT:  
 
The Tamil Nadu Agricultural University by arrangement with Hadley centre, UK Met Office, UK received the PRECIS model and the 
required GCM boundary data for driving it to make impact studies over Tamil Nadu. Towards achieving this, a study was carried out 
during 2008-09 at Agro Climate Research Centre, Tamil Nadu Agricultural University, Coimbatore to assess the predictability of PRECIS 
Regional Climate Model for downscaling of climate change scenarios. The PRECIS was run with boundary data of HadCM3Q0 A1B 
scenario from 1960 up to 2098 continuously. However, 28 years of data alone selectively post processed for seven selected locations for 
verification. The future prediction indicates a definite increase in maximum and minimum temperature over years and the 
likely increase for 2098 against 1968 could be 2.4 to 3.4ºC for maximum and 3.1 to 4.0ºC for minimum temperature. 
However, such a definite trend was not noticed in respect of rainfall in the locations studied. The predictions were verified 
with the observations for temperature and rainfall and the results are favourable for the use of PRECIS for downscaling. 
 
 

1. INTRODUCTION 

1.1 Global Climate Models 

Global climate models also known as General Circulation Models 
(GCMs) are the most complex of climate models, since they 
attempt to represent the main components of the climate systems in 
three dimensions. The GCMs are computer driven models, which 
use differential equations based on basic laws of Physics, Fluid 
motion and Chemistry. It works with a horizontal resolution 
between 150 and 600 km with 10-20 vertical layers in atmosphere 
overland and 30 layers over ocean. The GCMs normally used are 
atmospheric GCMs (AGCM), oceanic GCMs (OGCM) and 
atmosphere-ocean coupled GCMs (AOGCM). As per 
Intergovernmental Panel on Climate Change (IPCC), there are 
about 23 GCMs available from various countries with varying 
reliabilities. These GCMs lack accuracy due to their insufficient 
spatial and temporal resolution (Wilby and Wigley, 2002) and 
hence they lack in simulation of atmospheric features influencing 
regional climate. Thus emphasize the need for using Regional 
Climate model (RCM) for downscaling to get finer scale features.  

1.2 Downscaling 

Downscaling is the process of bringing the values of GCMs into a 
fine scale by running a regional climate model (RCM). RCMs use 
the boundary data of GCMs as their input that is it gets coarse 
climate information from GCMs and works on a spatial resolution 
of 50km or less. The runs are restricted to a limited area and the 
models use more accurate representation of many surface features 
such as complex mountain topographies and coastlines. It also 
allows small islands and peninsula to be represented realistically. 
One such RCM is PRECIS developed by (UK Met office’s) 
Hadley centre. 

1.3 PRECIS (Providing Regional Climates for Impact 
Studies) 

PRECIS is an atmospheric and land surface model of high 
resolution and limited area, which is locatable over any part of the 
globe. It has a horizontal resolution of 0.44° (~50km) or 0.22° 
(~25km) and 19 levels in the vertical. Dynamic flow, the 
atmospheric sulphur cycle, clouds and precipitation, radiative 
process, the land surface and the deep soil are the processes 
formulated in PRECIS.  

PRECIS is forced at its lateral boundaries by the simulations of a 
global climate models viz., HadCM3, HadRM3, ECHAM. The 
output of PRECIS is post processed and used for various impact 
studies. The weather variables derived can be used to find out the 
expressions of each of them by working out deviations, depicting 
as charts or graphs and can also be used to drive other models to 
understand the impact.  

The Tamil Nadu Agricultural University by arrangement with 
Hadley centre, UK Met Office, UK received the PRECIS model 
and the required GCM boundary data for driving it to make impact 
studies over Tamil Nadu. Towards achieving this, a study was 
carried out during 2008-09 at Agro Climate Research Centre, 
Tamil Nadu Agricultural University, Coimbatore to dynamically 
downscale a climate change scenario using PRECIS regional 
climate model and evaluate the prediction with observation.  

The PRECIS was run with boundary data of HadCM3Q0 A1B 
scenario from 1960 up to 2098 continuously. However, 28 years 
of data alone selectively post processed for seven selected 
locations for verification. 
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2. MATERIALS AND METHODS 

2.1 Domain Selection  

The Tamil Nadu state has boundaries at 08° 05’ N to 13° 35’ N and 
76° 15’ E to 80° 20’E and hence a domain was fixed with sufficient 
buffer zone. The horizontal resolution of 0.22° x 0.22° or 25 km x 
25 km was selected out of two resolutions available in PRECIS 
with 43 EW points and 49 NS points along with buffer grids as 
depicted in the Fig 1. The coordinates of rotated pole was 257.85° 
longitude and 79.01° latitude. The rotated pole co-ordinates require 
regrid procedure built in with the software and is described later in 
this chapter including the removal of 8 grid buffer zone. The entire 
state of Tamil Nadu was covered in 221 full grids and another 43 
half grids on its borders. The grid layout is depicted in the Fig. 2. 

 

Figure 1. Domain with Buffer Grids 

2.2 Scenario Selection  

HadCM3Q is a version of the Hadley Centre’s third generation 

coupled ocean-atmosphere general circulation model. This model 

is different from the standard HadCM3 model in that it uses  ux 

adjustments to ensure that the SSTs remain close to climatological 

values during a control period, while allowing sea surface 

temperature (SST) to vary from natural variability and from 

atmospheric forcing such as increasing CO2 and it includes an 

atmospheric sulphur cycle. The external forcing is from the SRES 

A1B emissions scenario. The sea-surface boundary conditions are 

taken directly from the ocean component of HadCM3Q. 

 

Figure 2.  Grid Layout of Tamil Nadu 

2.3. Statistical Analysis of Climate Data 

The data retrieved for control years viz., 1978, 1979, 1988, 1989, 
1998, 1999 were used to pick data for their 7 grids in each of the 
Agro Climatic Zone (ACZ). Only point data of place, which were 
close to the grid of PRECIS, were used for statistical analysis. The 
details of locations selected in each ACZ are given below.  

Name of 
ACZ 

Location Co-ordinates PRECIS 
Coordinate 

North 
Eastern Zone 

Tirupattur 12.48°N 
78.56°E 

12.56°N  
78.54°E 

North 
Western 
Zone 

Salem 11.65°N 
78.10°E 

11.68°N 
 78.10°E 

Western 
zone 

Coimbatore 11.00°N 
76.97°E 

11.02°N 
77.00°E 

Cauvery 
Delta Zone 

Adhirama 
pattinam  

10.33°N 
79.38°E 

10.36°N  
79.42°E 

Southern 
zone 

Kovilpatti 9.20°N 
77.88°E 

9.26°N    
77.88°E 

High 
Rainfall 
Zone 

Kanya 
kumari 

8.08°N 
77.50°E 

8.16°N    
77.44°E 

Hilly zone Ooty 11.40°N 
76.73°E 

11.46°N  
76.78°E 
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2.4  Rainfall Analysis 

The rainfall being discrete variable, a daily contingency table was 
formed as below for further analysis using methodology described 
by Wilks, 2006.  

Predicted Observed No Rain Rain 
No Rain Z (NN) F (NY) 
Rain M (YN) H (YY) 

Where     Z = No. of correct  negatives 

F – No. of False Alarms (predicted but not observed) 

M = No. of misses (observed but not predicted), and  

H = No. of Hits (predicted and observed).  

2.4.1 Ratio Score or Hit Score: It is the ratio of correct forecasts 
to the total number of forecasts. It varies from 0 to 1 with 1 
indicating perfect forecast. The score was expressed as percentage 
indicating the higher the best. 

ACC  =  
astTotalForec

ecastCorrectFor
  =   

N
ZH +

 

N
ZH +

 =  100
)(

X
NYYNNNYY

NYY
+++

+
 

where       (N = Z+F+M+H) 

 
2.5 Temperature Analysis 

The maximum and minimum temperate being continues variable 
the monthly means were compared with that of observed data using 
RMSE. 

2.5.1 Root mean square error (RMSE): The root mean square 
error is calculated using the following formula. 

RMSE =
1

n
( fi − oi ) 2∑⎡ 

⎣ ⎢ 
⎤ 
⎦ ⎥ 

1 / 2

 

Where  
fi = forecast value 
f = mean forecast value.  
oi = observed  value 
o = mean observed value and  
n = total number of observations / forecast  

 
3. RESULTS AND DISCUSSION 

The results of present study revealed that the trend analysis of the 
agro-climatic zone wise selected locations indicated that there was 
marked increase in both maximum and minimum temperature. The 
rate of increase in maximum temperature is more during northeast 
monsoon season than other seasons and the increase ranged from 
2.4 to 3.4oC (Table 1). The mean of the locations studied under the 
HadCM3Q A1B scenario indicated that the maximum temperature 
likely to increase by 3oC by 2098 in Tamil Nadu.  The maximum 
and minimum temperature predicted for Tamil Nadu indicates a 
progressive increase towards west from the east coast (Fig 3 & 4). 
The trend of increase in minimum temperature was on higher side 
than that of maximum temperature. The rate of increase of 
minimum temperature had no seasonal effect and Tamil Nadu is 
likely to record 3.1oC to 4.0oC more during 2098 over the year 
1968 (Table 2).  

The root mean square error estimated for observed maximum and 
minimum temperature was with in limits indicating the usability of 
PRECIS for downscaling (Table 3 & 4).  

Statistical verification of predicted temperature with observed 
indicated better skill for maximum temperature than for minimum 
temperature. 

Year Coimbatore Kanya 
kumari Ooty Salem Adhiram 

Pattinam 
Tirupattu

r Kovil patti Mean 

1968 32.2 28.8 25.9 34.8 34.8 33.5 35.0 32.1 
1978 31.6 28.0 24.6 34.3 34.3 32.8 34.4 31.4 
1988 31.6 28.8 26.0 34.0 33.7 32.4 34.6 31.6 
1998 32.6 28.9 26.0 34.9 35.0 33.3 34.9 32.2 
2008 32.4 28.9 26.1 34.9 35.2 33.6 35.0 32.3 
2018 32.3 28.7 25.7 34.7 34.5 33.1 34.7 32.0 
2028 34.1 30.2 27.1 36.1 36.5 34.4 36.7 33.6 
2038 32.9 29.6 26.6 35.6 35.5 34.3 35.9 32.9 
2048 34.3 30.1 27.6 36.5 36.9 35.0 36.8 33.9 
2058 33.0 29.6 26.2 35.9 35.9 34.2 35.9 33.0 
2068 33.5 30.2 27.8 36.7 36.7 35.5 37.0 33.9 
2078 35.6 31.8 28.8 38.4 38.1 36.9 38.2 35.4 
2088 35.4 31.2 28.7 37.8 37.8 36.3 37.8 35.0 
2098 35.2 31.8 28.3 37.8 38.3 36.4 38.2 35.1 

2098-1968 3.0 3.0 2.4 3.0 3.4 2.9 3.2 3.0 

Table 1: Annual Mean Maximum Temperature (oC) Over the Years for Selected Location 
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Figure 3. Spatial Pattern of Mean Maximum Temperature 

 

Figure 4 Spatial Pattern of Mean Minimum Temperature 

 

Figure 5. Spatial Pattern of Annual Rainfall 
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Year Coimba tore Kanya kumari Ooty Salem Adhiram Pattinam Tiru Pattur Kovil patti Mean 
1968 21.3 26.9 17.5 22.3 25.7 20.8 24.3 22.7 
1978 20.6 26.2 16.9 21.2 24.5 19.7 23.3 21.8 
1988 20.6 26.5 17.0 21.0 24.7 19.4 23.5 21.8 
1998 20.7 26.5 17.1 21.0 24.8 19.6 23.6 21.9 
2008 21.7 27.1 18.0 22.4 25.9 20.7 24.5 22.9 
2018 21.3 26.8 17.7 22.0 25.5 20.6 24.2 22.6 
2028 22.6 28.1 18.6 23.5 27.2 21.7 25.7 23.9 
2038 22.4 27.9 18.6 23.1 26.8 21.4 25.4 23.7 
2048 22.6 28.0 18.7 23.3 27.0 21.5 25.8 23.8 
2058 22.4 27.8 18.7 23.2 26.5 21.6 25.5 23.7 
2068 22.9 28.4 19.2 23.7 27.2 22.1 26.1 24.2 
2078 24.7 29.8 20.6 25.8 29.4 24.2 27.8 26.0 
2088 24.1 29.3 20.2 25.1 28.8 23.5 27.2 25.5 
2098 25.0 30.0 21.1 26.1 29.6 24.6 28.3 26.4 

2098-1968 3.7  3.1 3.6 3.8 3.9  3.8  4.0  3.7 

Table 2: Annual Mean Minimum Temperature (oC) Over the Years for Selected Location 

Year Coim batore Kanya kumari Ooty Salem Adhiram pattinam Tiru pattur Kovilpatti 
1978 6.07 4.91 5.94 3.97 8.07 6.32 1.52 
1979 4.74 3.15 7.94 5.35 8.98 4.18 1.77 
1988 4.92 2.97 8.12 4.82 7.75 3.82 2.99 
1989 4.57 4.2 8.31 4.92 6.97 4.73 2.42 
1998 4.97 4.75 8.45 4.83 7.66 5.29 2.01 
1999 5.17 3.86 9.43 5.54 6.46 5.01 2.01 

Table 3: Root Mean Square Error (RMSE) Estimated for Maximum Temperature 

Year Coimbatore Kanya 
Kumari 

Ooty Salem Adhiram 
Pattinam 

Tirupattur Kovilpatti 

1978 3.65 2.51 7.92 4.24 2.37 4.98 0.75 
1979 3.50 2.62 7.01 4.10 2.45 4.77 1.31 
1988 4.37 2.62 7.18 5.44 3.09 6.16 2.68 
1989 4.00 2.90 8.17 4.82 3.04 5.42 2.77 
1998 4.69 2.56 6.54 5.48 3.02 6.01 1.02 
1999 3.91 2.82 7.49 4.58 2.65 5.26 2.28 

Table 4: Root Mean Square Error (RMSE) Estimated for Minimum Temperature 

Year Coimbatore Kanya 
Kumari 

Ooty Salem Adhiram 
Pattinam 

Tirupattur Kovilpatti 

1968 598.9 660.3 1835.0 525.0 783.0 450.0 632.3 
1978 512.7 402.6 1776.3 619.8 723.5 424.4 490.1 
1988 508.2 476.7 1616.5 486.4 683.0 334.7 490.1 
1998 494.7 395.0 1540.6 498.3 611.6 439.7 491.9 
2008 571.0 534.4 1545.0 601.3 827.4 478.8 585.4 
2018 495.5 464.6 1535.5 645.9 905.2 544.8 713.8 
2028 420.4 410.1 1698.5 525.4 663.7 477.7 480.1 
2038 567.7 643.1 1864.4 631.9 786.7 458.6 540.9 
2048 352.2 472.5 1253.0 554.8 724.8 430.6 412.2 
2058 413.6 326.2 1750.3 515.0 911.9 343.2 492.1 
2068 457.0 710.4 1753.6 534.6 646.3 316.5 462.7 
2078 704.0 508.8 1938.6 404.1 721.6 278.7 502.5 
2088 446.6 349.4 1690.5 584.2 724.8 461.4 584.7 
2098 743.6 473.9 2442.5 709.4 1062.5 539.3 693.0 

Table 5: Total Annual Rainfall (mm) Over the Years for Selected Location 
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The precipitation prediction had no definite trend but, during 2098 
peak rainfall was predicted for five of the seven locations studied 
(Table 5). Spatial pattern of rainfall indicates that north eastern 
parts of Tamil Nadu is likely to receive more rainfall in future 
years compared to that of earlier years (Fig 5). 

The ratio score used in respect of rainfall indicated higher skill 
in non rainy season than rainy season. The skill in rainfall 
prediction also varies with locations as point data sets are used 
for verification.  

CONCLUSION 

The scenario presented in this paper includes more detailed 
regional information (25 km × 25 km), and are very useful for 
impact assessments in various sectors. This paper includes only the 
basic aspects of the simulation results and the regional model 

output contains a large number of additional parameters while the 
scenarios presented in this study are indicative of the expected 
range of rainfall and temperature changes, it must be noted that the 
quantitative estimates still have large uncertainties associated with 
them. The results of present study revealed that PRECIS regional 
climate model can be successfully used as a tool to downscale 
climate change scenario with higher resolution.  
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ABSTRACT: 
 
Climate change refers to any change in climate over time, whether due to natural variability or as a result of human activity. Total annual 
crop losses in the world agriculture are mainly due to direct weather impacts. The review study on impact of climate change provides a 
global overview on the subject. Some of the projected impacts for different regions are: Crop yields can increase by 20% in East and 
South-East Asia, while it may decrease by 30% in Central and South Asia by middle of 21st century. Comparative change in total 
agricultural production (%) under doubled CO2 scenario in Africa, Asia, and Latin America were -13 to -9, -6 to 0 and -15 to -6, 
respectively. Net cereal production in South Asian countries is projected to decline by atleast 4-10% by end of this century. Climate related 
increase in crop yields are expected in Northern Europe. However, general decrease in yield is expected in Southern Europe. Crop 
suitability is likely to change throughout Europe. An increase of 5-8% of arid and semi-arid land in Africa is projected by 2080. Reduction 
in maize production under increased ENSO conditions in Southern Africa. North American agriculture will be exposed to many severe 
weather extremes from time to time. Moderate climate change is likely to increase yield for rainfed agriculture by 5 to 20%. Rice yield is 
likely to decline after 2020 in Latin America. Increase in temperature and precipitation in South–Eastern South America are likely to 
increase soybean yield. Production from agriculture is projected to decline over South and East Australia and East New Zealand due to 
increase in drought. Due to increase in heat waves there is likely increase in intensity and frequency of floods, landslides, droughts and 
storm surges. Hence, climate change has the potential to change significantly the productivity of agriculture. 
 
 

1. INTRODUCTION 

Increase in atmospheric carbon dioxide (CO2) and other green 
house gases viz. methane (CH4), nitrous oxide (N2O) and CFC due 
to fossil fuel burning, rapid industrialization and deforestation, 
reduce the amount of earth’s radiation, which escapes to space. 
This results in consequent warming of earth’s surface as well as 
lower atmosphere. Observational evidences show that many natural 
systems are being affected due to global warming. More specific 
information is now available across the regions of the world about 
their role in climate change. Climate change refers to any change in 
climate over time, whether due to natural variability or as a result 
of human activity (IPCC, 2007). Impacts of climate change varies 
regionally. The UNEP (United Nations Environment Programme) 
and the WMO (World Meteorological Organization) jointly 
established IPCC to assess available scientific information on 
climate change as well as to study its impact. 

Agriculture is the largest employer in the world and the most 
weather dependent, of all the human activities. Simultaneously 
agriculture is the most vulnerable to weather and climate risks. At 
present 40% of the earth’s land surface is managed for crop land 
and pasture (Foley et al., 2005). In developing countries, around 
70% of total population is dependent on agriculture. Of total annual 
crop losses in the world agriculture are mainly due to direct 
weather impacts viz. droughts, floods, untimely rain, frost, hail, 
heat and cold waves and severe storms (Hay, 2007). 

Water balance and weather extremes are key to many agricultural 
impacts, which are larger in some regions of the world. 

Impact study of climate change requires most comprehensive and 
up-to-date knowledge as well as scientific assessment of the impact 
of climate change. The periodic assessment by the IPCC provides 
the most authentic report available on the subject. A global 
synthesis of studies in the assessment demonstrates firmly the 
spatial agreement between regions of significant warming across 
the globe. Other effects of regional climate changes on the natural 
environment are emerging. The review study on the impact of 
climate change aimed at providing the global overview on the 
subject. The impacts of the projected changes in climate (viz. 
increase in the temperature, changes in the precipitation, sea-level 
rise and concentration of atmospheric CO2) include changes in 
many aspects of biodiversity. Some of the observed changes in 
agricultural crops with reference to phenology, management 
practices, pests and diseases and yields are presented in Table 1. 

The magnitude of impact is a function of extent of change in a 
climatic parameter and sensitivity of the system to climate related 
stimuli. The magnitude and timing of impacts vary with the amount 
and timing of climate change and in some cases with the capacity 
to adopt. Some of the projected impacts in different continents are 
summarized below: 

2. IMPACTS OF CLIMATE CHANGE ON 
AGRICULTURE OF DIFFERENT CONTINENTS 

2.1 Impacts in Asia 

Extreme weather events in Asia are reported to provide evidence of 
increase in intensity on regional scale. Summary of observed 
changes in extreme events and severe anomalies in Asia are 
presented in Table 2. 
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Agri-cultural Metric Observed Change Location (Period) 
Advance of stem elongation for winter rye (10 days) and emergence for 
maize (12days). 

Germany (1961-2000) 

Advance in cherry tree flowering (0.9 days/10years), apple tree flowering 
(1.1days/10years) in response (-5days/oC) to March/April temperature 
increase.  

Germany (1951-2000) 
 

Advance in beginning of growing season of fruit trees (2.3days/10years), 
cherry tree blossom (2.0days/10years), apple tree blossom 
(2.2days/10years) in agreement with 1.4oC annual air temperature 
increase. 

Germany (1961-1990) 
 

Phenol-ogy 

Advance of fruit tree flowering of 1-3 weeks for apricot and peach trees, 
increase in spring frost risks and more frequent occurrence of bud fall or 
necrosis for sensitive apricot varieties.  

South France (1970-2001) 

Advance of seeding dates for maize and sugarbeet. Germany (1961-2000) 
Advance of maize sowing date by 20 days at 4 experimental farms France (1974-2003) 
Advance of potato sowing date by 5 days, no change for spring cereals. Finland (1965-1999) 

Man-agement 
practice-es, pests and 
diseases 

Partial shift of apple codling moth from 2 to 3 generations. South France (1984-2003) 
Lower hay yields, in relation to warmer summers Rothamsted UK (1965-1998) 
Part of overall yield increase attributed to recent cooling during growing 
season: 25% maize, 33% soybean 

USA county level (1982-1998)
 

Yields 

Decrease of rice yield associated with increase in temperature (0.35oC and 
1.13oC for Tmax and Tmin, resp.) during 1979 to 2003 

Philippines (1992-2003) 

Table 1: Observed Changes in Agricultural Crop 

Country/region Key trend 
a) Heatwaves 
Russia Heatwaves broke past 22-year record in May 2005. 
China Increase in frequency of short duration heatwaves in recent decade, increasing warmer days and 

nights in recent decades. 
Japan Increasing incidences of daily maximum temperature >35°C, decrease in extremely low 

temperature. 
Korea Increasing frequency of extreme maximum temperatures with higher values in 1980s and 1990s; 

decrease in frequency of record low temperatures during 1958 to 2001. 
India  Frequency of hot days and multiple-day heatwave has increased in past century; increase in deaths 

due to heat stress in recent years. 
b) Intense Rains and Floods 
Russia  Increase in heavy rains in western Russia; increase in number of days with more than 10 mm rain; 

50 to 70% increase in surface runoff in Siberia.  
China  More floods in Changjiang river in past decade; more frequent floods in North-East China since 

1990s; more intense summer rains in East China; severe flood in 1999; seven-fold increase in 
frequency of floods since 1950s.  

Japan Increasing frequency of extreme rains in past 100 years; serious flood in 2004; increase in 
maximum rainfall during 1961 to 2000. 

South Asia Serious and recurrent floods in Bangladesh, Nepal and north-east States of India during 2002, 2003 
and 2004; a record 944 mm of rainfall in Mumbai, India on 26 to 27 July 2005 led to loss of over 
1,000 lives with loss of more than US$250 million; floods in Surat, Barmer and in Srinagar during 
2006.  

c) Droughts 
China Increase in area affected by drought has exceeded 6.7 Mha since 2000 in Beijing, Hebei Province, 

Shanxi Province, Inner Mongolia and North China; increase in dust storm affected area.  
South Asia 50% droughts associated with EI Niֿno; consecutive droughts in 1999 and 2000 in Pakistan and N-

W India led to sharp decline in watertables; consecutive droughts between 2000 and 2002 caused 
crop failures, mass starvation and affected 11 million people in Orissa; droughts in N-E India 
during 2006.  

d) Cyclones and Typhoons 
South Asia Frequency of monsoon depressions and cyclones formation in Bay of Bengal and Arabian Sea on 

decline since 1970 but intensity increased causing severe floods.  
Japan Number of tropical storms has two peaks, one in mid 1960s and another in early 1990s, average 

after 1990 and often lower than historical average. 

Table 2: Summary of Observed Changes in Extreme Events and Severe Climate Anomalies in Asia 
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The area averaged annual mean warming will be around 30C in the 
decade of 2050s and around 50C in the decade of 2080s over land 
part of Asiatic region. An enhanced hydrological cycle and an 
increase in area averaged rainfall over Asia has been projected. 
Increased intensity of rainfall especially during summer monsoon 
can increase flood prone areas in parts of temperate and tropical 
Asia. In India, frequency of hot days and multiple day heat waves 
have increased in past century as opined by Lal (2003). 

Production of rice, maize and wheat in the past few decades has 
declined in many parts of Asia due to increasing water stress 
arising partly from increasing temperature, increasing frequency of 
El Niño and reduction in the number of rainy days (Tao et al., 
2004). In a study at the International Rice Research Institute, the 
yield of rice was observed to decrease by 10% for every 1°C 
increase in growing-season minimum temperature (Peng et al., 
2004). It has been projected that crop yields can increase by 20% in 
East and South-East Asia, while it may decrease by 30% in Central 
and South Asia by middle of 21st century. About 2.5 to 10% 
decrease in crop yield is projected for parts of Asia in 2020s and 5 
to 30% decrease in 2050s compared with 1990 levels without CO2 

effect. 

In arid and semi-arid regions of East Asia, irrigation demand is 
expected to rise by 10% for an increase in temperature of 10C. 
Climate change impact for India in different crop seasons is 
presented in Table 3. 

Year Season Increase in 
Temperature (0C) 

Change in Rainfall 
(%) 

  Lowest Highest Lowest Highest 
Rabi 1.08 1.54 - 1.95 4.36 2020s 
Kharif 0.87 1.12 1.81 5.10 
Rabi 2.54 3.18 -9.22 3.82 2050s 
Kharif 1.81 2.37 7.18 10.52 
Rabi 4.14 6.31 -24.83 -4.50 2080s 
Kharif 2.91 4.62 10.10 15.18 

Table 3: Climate Change Impacts for India in Different Crop 
Seasons 

Projected future climate change in Asia is expected to influence 
agriculture through decline in crop production. Comparative 
change in total agricultural production (%) under doubled CO2 
scenario in Africa, Asia, and Latin America were -13 to -9, -6 to 0 
and -15 to -6, respectively in Table 4. 

Region Change in Total 
Agricultural 

Production (Per 
cent) 

Change in 
per Capita 

GDP 
(per cent) 

Change in 
Agricultural 
Prices (Per 

cent) 
Africa -13 to -9 -10 to -7 -9 to +56 
Asia -6 to 0 -3 to 0 -17 to +48 
Latin 
America 

-15 to -6 -6 to -2 -8 to +46 
 

Table 4: Agricultural Impacts in Africa, Asia and Latin America of 
(primarily) Doubled Carbon Dioxide Scenarios 

In China yield of major crops are expected to reduce, while in 
India, rice production may likely to be affected adversely due to 
heat stress. Due to warmer and wetter Asian climate, crop diseases 
for major cereals (viz. rice, wheat) could become more widespread. 
Model output based on future climate change scenario in India 
(Kalra et al., 2003) indicated that a 0.50C rise in winter temperature 
will reduce wheat yield by 0.45 tonnes/hectare. Lal (2007) opined 
that net cereal production in South Asian countries is projected to 
decline by atleast 4-10% by end of this century. A 2-5% yield 
reduction for wheat and maize for a temperature rise of 0.5-1.50C 
in India was projected (Aggarwal, 2003). An effective strategy for 
advancing understanding of adverse impacts of climate change on 
agriculture is required, for more feasible, sustainable adaptive 
measures. 

2.2 Impacts in Europe 

In parts of European region, observed changes are consistent with 
projected impacts. Winter/flash floods are likely to increase in parts 
of Europe. The climate change is likely to magnify regional 
differences of natural resources of Europe. The warming trend in 
major parts of Europe is well known, while the precipitation trend 
is variable among regions. The effects of climate change and 
increased atmospheric CO2 are expected to lead to overall small 
increases in European crop productivity. As a result of climate 
change, increased atmospheric CO2 is expected to overall small rise 
in European crop productivity. Climate related increase in crop 
yields are expected in Northern Europe for example wheat: +2 to + 
9% by 2020, +8 to +25% by 2050 and +10 to +30% by 2080. 
(Ewert et al., 2005; Olesen et al., 2007) However, general decrease 
in yield is expected in Southern Europe for example legumes: -30 
to +5%, sunflower: -12 to + 3% and tuber crops: -14 to + 7% by 
2050. Some crops that currently grow mostly in southern Europe 
(e.g., maize, sunflower and soybean) will become viable further 
north or at higher-altitude areas in the south (Audsley et al., 2006). 
By 2070, annual runoff is projected to increase in Northern Europe, 
while the same is likely to decrease by 36% in Southern Europe. 
Crop suitability is likely to change throughout Europe; agriculture 
will have to cope with increasing water demand for irrigation in 
Southern Europe. Climate change will modify other processes on 
agricultural land. Projections made for winter wheat showed that 
climate change beyond 2070 may lead to a decrease in nitrate 
leaching from agricultural land over large parts of eastern Europe 
and some smaller areas in Spain and an increase in the UK and in 
other parts of Europe (Olesen et al., 2007). 

Further research need for better understanding of socio-economic 
relevance of climate change for various European regions for 
different adaptive capacity is required. 

2.3 Impact in Africa 

African continent is one of the most vulnerable region to climate 
change impact and climate variability. Agriculture in many African 
countries are likely to be affected by climate change. An increase 
of 5-8% (60 to 90 million ha) of arid and semi-arid land is 
projected by 2080 in Africa, under climate change scenario. Due to 
drought and land degradation, there is likely change in crop 
growing period, which will ultimately result in decline in 
agricultural yield. In Africa possibility of agricultural losses will be 
severe for several areas of Sahel, East and Southern Africa. 
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Projected reductions in yield in some countries could be as much as 
50% by 2020 and crop net revenues could fall by as much as 90% 
by 2100, with small-scale farmers being the most affected. 
Regional crop wise yield impact for doubled CO2 GCM 

equilibrium climate for Africa (maize, millet and biomass), Europe 
(maize, wheat and vegetables), North America (maize, wheat and 
soybean) and South Asia (rice, maize and wheat) were studied 
(Table 5). 

Region Crop Yield Impa-ct (%) Countries studied/comments 
Maize -30 to incre-ase France, Spain, Northern Europe. With adaptation, CO2 effect. Longer 

growing season; irrigation efficiency loss; northward shift. 
Wheat 
 
 

Incre-ase or decree-ase

Europe 

Vege- tables Incre-ase 

France, UK, Northern Europe. With adaptation, CO2 effect. Longer 
season: northward shift, greater pest damage; lower risk of crop 
failure.  

Maize Wheat 
 

-55 to +62 
-100 to +234 

USA and Canada. Range across GCM scenarios and sites with or 
without CO2 effect. 

North Amer-ica 

Soyb-ean -96 to +58 
 

USA. Less severe or increase in yield when CO2 effect and adaptation 
considered. 

Maize 
 

-65 to +6 
 

Egypt, Kenya, South Africa, Zimbabwe. With CO2 effect, range 
across sites and climate scenarios. 

Africa 

Millet 
Biom-ass 

-79 to -63 
Decrease 

Senegal. Carrying capacity fell 11-38 %. 
South Africa; agrozone shifts.  

South Asia 
 

Rice Maize 
Wheat 
 

-22 to +28 
-65 to -10 
-61 to +67 

Bangladesh, India, Philippines, Thailand, Indonesia, Malaysia, Burma. 
Range over GCM scenarios, and sites, with the CO2 effect; some 
studies also consider adaptation. 

Table 5: Regional Crop Yield for Doubled Carbon Dioxide GCM Equilibrium Climates 

In Egypt, rise in temperature is likely to reduce productivity of 
major crops and increase in their water requirements. Reduction in 
maize production under increased ENSO conditions in Southern 
Africa is estimated (Stige et al., 2006). Climate variability viz. 
period of drought and flood as well as long term change may 
directly or indirectly affect food security. Local communities and 
farmers in Africa have developed intricate systems of gathering, 
predicting, interpreting and decision making in relation to weather. 
Hence, the African agriculture and ecosystems have always battled 
with hazardous weather and climate. 

2.4 Impacts in North America 

In North America, over past some decades, economic damage from 
severe weather has increased drastically. The U.S.A. and Cananda 
will experience climate changes through direct effect of local 
changes (viz. temperature, precipitation and extreme weather 
events) and also through indirect effects. North American 
agriculture will be exposed to many severe weather extremes from 
time to time. The study in North America reveals that moderate 
climate change is likely to increase yield for rainfed agriculture by 
5 to 20%. It has been observed in Canada that the length of 
vegetation growing has increased by 2 days per decade since 1950. 

Over last century, yields of major crops in U.S.A. have increased 
(but as a result of effect of multiple factors viz. technology, 
fertilizer use, seed stocks, management techniques and also due to 
climate change). Hence, vulnerability of North American 
agriculture to Climate Change is multi-dimensional, which is 
determined by interactions among various factors. Unsustainable 
land use practices may tend to increase the vulnerability of 
agriculture in U.S.A. great plains to climate change. 

2.5 Impacts in Latin America 

Climate variability and extreme events have been severely 
affecting the years of Latin America over recent areas. During the 

last few decades salient changes in precipitation and increase in 
temperature have been noticed. It has been projected that reduction 
in rainfall in parts of Argentina, Chile and Brazil may lead to 
severe water shortage; Rice yield is likely to decline after 2020. 
Increase in temperature and precipitation in South–Eastern South 
America are likely to increase soybean yield (if CO2 effect is 
considered). If direct CO2 effects are considered, yield changes 
could range between reductions of 30% in Mexico and increases of 
5% in Argentina (Parry et al., 2004). Furthermore, the combined 
effects of climate change and land-use change on food production 
and food security are related to a larger degradation of lands and a 
change in erosion patterns (FAO, 2001). 

2.6 Impacts in Australia and New Zealand 

Since 1950, there has been 0.4 to 0.70C warming, with more heat 
waves, fewer frosts, more rain in North-West Australia and South-
West New Zealand, less rain in Southern and Eastern Australia and 
North-Eastern New Zealand, an increase in the intensity of 
Australian droughts and a rise in sea level of about 70 mm. In New 
Zealand, a warming of 0.1 to 1.40C is likely by the 2030s and 0.2 to 
4.00C by the 2080s. In Australia, within 800 km of the coast, a 
mean warming of 0.1 to 1.30C is likely by the year 2020, relative to 
1990, 0.3 to 3.40C by 2050, and 0.4 to 6.70C by 2080. Production 
from agriculture in this region is projected to decline over South 
and East Australia and East New Zealand due to increase in 
drought. CO2–fertilization, warmer winter are likely to increase 
growth rates of some important plantation crops in South and West 
New Zealand. In Australia and New Zealand, due to increase in 
heat waves there is likely increase in intensity and frequency of 
floods, landslides, droughts and storm surges. 

CONCLUSION 

Climate change would bring new environmental conditions 
resulting from modifications in space and time and in the frequency 
and intensity of weather and climate processes. 
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Hence, the main conclusion that emerges from this global impact 
studies is that the climate change has the potential to change 
significantly the productivity of agriculture. Some high productive 
areas may become less productive or vice-versa. The present 
evidence suggest that tropical and sub-tropical regions may be 
more likely to suffer by droughts and losses in crop productivity. 
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ABSTRACT:  
 
Based on the literatures and investigation, response characteristics of global change in western Jilin province, its impacts on eco-
environment and agriculture are analyzed. The study and prediction of climate change trend, close combination of GIS spatial analysis 
function and calamitous climate forecast is proposed, and spatial decision support system of climatic disaster is established, in order to 
rationally allocate water and soil resource and promote scientific process of western ecological restoration construction and land 
consolidation. 
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1. INTRODUCTION 

Including Heilongjiang, Jilin, Liaoning and some parts of eastern 
Inner Mongolia, the western region of northeast China is located in 
42o–50o N, 117o–125o E, with total area of 320,000 km2. It lies in 
the East Asian temperate monsoon climate area. Affected by solar 
radiation and monsoon climate, climate of different seasons change 
obviously: dry windy weather and temperature rose rapidly in 
spring, hot and rainy weather in summer, sunny weather and 
temperature decrease rapidly in fall and cold dry weather in winter. 
Affected by the global climate change, the precipitation has 
decreased markedly, while temperature and aridity index has 
increased in recent decades. The aridity index in this region is 
generally over 1.2, but in Horqin Sandy land where mean annual 
precipitation is less than 350 mm, the aridity index reach up to 1.5-
1.8 and the surface water loss is 90-200 mm (Figure 1), showing a 
warmer and dryer climate change trend (Li Enze, 2001; Lian yi et 
al. 2001.). In recent 20 years, precipitation in Cherim League 
reduced by about 50mm while precipitation in Songnen sandy land 
reduced by 120.3mm. In recent 40 years, precipitation in Baicheng 
Municipality decreased obviously: precipitation of this area in late 
1990’s reduced about 100mm, compared with that in early 1990’s. 
120~140 days/ wind speed is over sand rising speed each year in 
this region, and in spring, the average number of days when the 
wind speed is greater than eight level is 13.9, while the number in 
Shuangliao is even as much as 33.7(Lian yi, et al. 2001). This 
region belongs to typical semi-arid and sub-humid arid climate 
zone. It is a typical agro-pastoral transitional zone, and also an eco-
environmental fragile area. 

a

b

 

Figure 1. Distribution of Average Precipitation (a) and Aridity 
Index from May to September (b) in the Northeast of China 
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In recent a hundred years, the eco-environment in the west part of 
northeast China has been encountered an unprecedented serious 
damage because of the double effects of natural and human factors. 
Horqin Grassland, Songnen Grassland and Hulunbeier Grassland, 
which are famous for high yield per unit area and high quality of 
palatability, are the three best pastoral areas in the 10 major 
pastoral areas of China. Due to the warming and drying climate 
change and the irrational use of grassland, degradation, 
desertification and salinization of large areas of grassland are 
caused, which thus leads to rapid expansion of desertification. 
According to the current study, land desertification in the west of 
northeast China is increasing at the rate of 1.4%. Currently, 
desertification area of Horqin sandy land and Songnen sandy land 
has been reached to 72,000 km2�Qiu, 2008; Qiu et al., 2005; Lian 
et al., 2001）. 

According to current study, multiple factors lead to the formation 
of the desertification of the west of northeast China. Material 
source is the first factor. The west of Song-Liao Plain has deposited 
70~100m loose sediments, espatially in the west Liao River Plain 
the thickness of loose sediments is 180m.The ground of Song-Liao 
Plain  is composed of fine sand, which provide adequate sand 
source for desertification(Lian yi et al., 2001). Climate change is 
the second factor. In recent decades, warming and drying trend of 
climate is obvious and continental climate increases markedly, 
which is one of the nature factors of desertification. Human activity 
is another factor. For example, 40% grasslands become severely 
degraded grasslands because overgrazing and severe damage of 
vegetation. Besides, irrational use of water recourse is another 
human factor. For example, the construction of large reservoirs and 
other projects in the upper reaches of the rivers cuts off the runoff 
of the middle and downriver, and causes riverbed exposing and 
spring filled with sand.  

In conclusion, adequate sand source, arid climate and excessive 
damage due to human factors are all causes of desertification in the 
west of northeast China. The western region of Jilin province is 
located in the southwest of Songnen Plain, including plains 
between 123°09′~124°22′E, 44°57′~45°46′N. It is composed of 
Baicheng and Songyuan Municipalities that including 10 counties, 
with total population of 4.716 million and total land area of 49,850 

km2. It is a complex system, including farmlands, forest, grassland 
and wetlands. Cultivated land area is 1.9 million hm2, accounting 
for 38.1% of the total land area; Grassland area is 986,400 hm2, 
accounting for 19.8% of the total land area; Forest area is 706,700 
hm2, accounting for 14.2 of the total land area; Water area, 
including wetlands area, is 455,800 hm2, accounting for 9.1% of 
the total area. The topography is higher in the northwest, lower in 
the middle and slightly elevated in the middle south. It belongs to 
semi-arid and semi-humid continental monsoon climate zone, with 
altitude of 180-600m, average annual temperature of 4.5�, annual 
sunshine hours of 2915.3h, annual rainfall of 300-400mm and 
annual evapotranspiration of 1500-1900mm. This region is also a 
major agro-pastoral transitional zone and an area sensitive to global 
change. In recent decades, the eco-environment of the region has 
been seriously deteriorated because of the double effects of natural 
and human factors, mainly manifested in degradation of large areas 
of grassland, desertification and salinization of soil, spread of 
desertification and shrinkage of wetlands�Hou, 2006; Huang et al., 
1996; Li, 2001; Qiu et al., 2005; Zhou et al., 2002).  

2. CLIMATE CHANGE ANALYZING   

2.1 Temperature Change 

The western region of Jilin lies in the higher latitude of China and 
is one of the regions affected most obviously by global warming. 
Since 1990’s, this region is changing to a warmer and dryer 
climate. Figure 2 is the time series from 1961 to 2004 of average 
temperature from May to September in Jilin province. It can be 
seen from figure 2 that the average temperature of plant growing 
season is a significant linear upward trend. The figure also shows 
that the linear trend line of early 1980’s has risen to the positive 
anomaly region of average temperature, especially after the mid-
1990’s, the temperature is continuously high, while the average 
temperature of 45°N in the Northern Hemisphere shows a linear 
downtrend, and shows a significant increasing high-temperature 
trend, but is still lower than the high temperature of early 1950’s 
(Lian Yi, 2007). Figure 3 is the time series from 1953 to 2000 and 
its log fitting trend of the anomaly percentage of annual average 
temperature of Baicheng and Songyuan. The figure shows a 
significant upward trend, and that the middle 1970’s is the dividing 
line of positive and negative anomaly log fitting curve. The figure 
also shows that the rates of annual average temperature split in 
1990’s are all positive, which indicates that 1990’s is a period when 
the temperature increased most obviously (Qiu, 2008; Lian, 2007). 
In recent 50 years, the temperature of Changling county increased 
by 0.4� every 10 years, particularly 1990’s ,the temperature in 
which increased by 0.60 every 10 years, is a period when the 
temperature increased fastest, and the temperature in 1990’s is 1.40 
higher than that in 1950’s, and is 0.80 higher than that in 1949. 
These all indicate that the warming rate of Changling is higher than 
the average rate of the whole country and the northeast of China in 
the past 40 years. The temperature of plains in the centre and the 
west of Jilin province increased more obviously than that of the 
east (Han, 2007). 
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Figure 2. Time Series from 1961 to 2001 of Average 
Temperature from May to September of Jilin Province 
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Figure 3. Time Series and its Log-Fitting Trend of the Anomaly 
Percentage of Annual Average Temperature of Baicheng and 
Songyuan 

2.2 Precipitation Change 

Figure 4 is the linear trend rate distribution of annual precipitation 
from 1961 to 2000 in the northeast of China. It can be seen from 
figure 4 that the east of 120°E, the south of 45°N in the west of the 
northeast, including the west of Jilin province (43°-46°N, 122°-
124°E), Zhe League of Inner Mongolia, the south of Xinan League, 
major grain producing areas in central Songliao plain in Jilin 
province (43°-46°N, 124°-126°E) and major regions of Changbai 
Mountain in the central south of Jilin province except of the east of 
128°E in Yanbian, are all areas where the precipitation shows a 
linear negative trend. These areas together with Liaoning province 
are composed of areas where precipitation linear trend shows a 
significant declining trend in the central-west and central-south of 
the northeast.  

 

Figure 4. Linear Trend Distribution of Annual Precipitation 
from 1961 to 2000 in the Northeast of China (Solid line: 
Positive trend Contour; Dotted line: Negative Trend Contour; 
Unit: mm/a; Interval: 3mm/a) 

Figure 5 is the time series from 1953 to 2000 and its log fitting 
trend of the anomaly percentage of annual average precipitation of 
Baicheng and Songyuan. It can be seen from figure 5 that the 
precipitation of the two cities all show obvious declining trend, 

which is just opposite with the upward trend of temperature. This 
shows a remark warmer and dryer trend of climate change (Qiu, 
2008; Lian et al., 2003,2007; Sun et al.,2005).  
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Figure 5. Time Series and its Log Fitting Trend of Annual 
Precipitation of Baicheng and Songyuan in the West of Jilin 
Province 

3. IMPACTS OF CLIMATE CHANGE 

3.1 Effect of Climate Change on Regional Ecological Envi-
ronment 

Correlative scholars have studied and pointed out that dynamical 
and ecological characteristics of transition zone belong to boundary 
area between great- scale climatic zones which has strong climatic 
element gradient, thus it has instability and it also is a fragile 
ecological environment zone, some places are remarkable regions 
of desertification development. According to the RS survey of 
desertification status of land cover by land satellites and the 
corresponding analysis of the regional climatic background change, 
since 1980’s, specially in mid-to late1990’s, western of Northeast 
China has been an area which has large relative variability of 
precipitation and a sensitive zone of precipitation change. Climate 
changes mostly to be warmer and drier, which is more prominent 
especially in the middle zone of the western Northeast China (44-
48°N), while the desertification of land cover in the middle zone is 
obviously developing along the longitude. It indicates that drought 
and desertification of the climate change generate “syntony”(Lian 
et al., 2003; Shen et al.,2000). These two points precisely are the 
regional responding characteristics to global change in western 
Northeast China in 1990’s and two big prominent characteristics of 
eco-environment drought trend. 

The west region of Jilin province is located in the hinterland of the 
Songnen Plain, namely a large area of Jilin province in the west of 
the Fulongquan highlands and north of the Songliao watershed 
including the northeast continuation of Horqin sandy part and the 
southern edge of the Songnen sandy part. This area is a typical 
climatic transition zone and a agriculture and animal husbandry 
transition ecotone with undeveloped economy and fragile ecology. 

In recent decades, because of continued rainfall decline in the west 
region caused by global change, as well as rapid population 
growth, overgrazing and other natural and man-made factors, eco-
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environment the west region of Jilin province degenerates 
seriously. The main manifestations are large-area grassland 
degradation, land desertification, salinization and wetlands atrophy 
and so on, in which grassland area is decreasing at an alarming rate, 
and the quality is declining. According to the statistics, the area of 
grassland in 1956 is more than 2 million hm2 and fell to 1.724 
million hm2 in 1980’s, to1.188 million hm2 in 1998. During the 
period of more than ten years, the area of grassland has decreased 
by 0.536 million hm2. Not only the area of grassland is decreasing 
but the quality of the grassland is declining. The forage yield has 
reduced from 1500-3000kg�hm2 in the beginning of 1950’s to the 
current 450-600kg/hm2, and some grassland have been deprived of 
utilization value, while area of land salinization land has been 
extending greatly. In early 1980’s the area of the salinized land in 
this area is about 1.62 million hm2, then increases to 1.653 million 
hm2 in the 1990’s, and aggravating tendency of saline alkaline 
degree is obvious, and the proportion of the total land area the area 
of severe saline soil occupying has increased from 26.9% in 1958 
to 40.2%.10 million mu in western Jilin province has become to 
desert from high-quality grasslands, as has been the alkali-saline 
patches basically with non-use value. The number is still 
increasing, and expected to reach 13 million mu by 2020 (Hou, 
2006; Wang, 2007; Zhou et al., 2002). 

At the same time, natural woodland, wetlands, water and other 
landscape components are significantly reduced, leading to rapid 
decline in vegetation cover, topsoil being eroded by wind so easily 
that alluvial sand bodies being exposed, resulting in land 
desertification and a source of surface sand dust storm, Land 
desertification expanding eastward at an annual rate of 1km.  
Woodlands, wetlands and water area reduction also allow the 
reduction of regional water storage capacity, as well as weaken the 
abilities of regulating river runoff and flood mitigation, 
exacerbating the extent of drought and flood. In 20 years from 
1949 to 1969, the frequency of drought was 23.8% and 
waterlogging frequency  was 33.3% in this area; while from 1970 
to 1990, the frequency of drought was 33.3%, and waterlogging 
frequency  was 47.6%, and the disaster intensity significantly 
increased; the average maximum wind speed in the western region 
in spring in the 1980’s was 4.4m/s, the average number of 
sandstorm days was 5.4d / y, now, the maximum wind speed in 
spring is 5.6m / s, the number of sandstorm days is  up to 11d/y. 
Thus, the dual role of natural and man-made has led to rapid 
deterioration of the ecological environment in the western Jilin 
province, affects the safety of the regional agricultural seriously 
(Hu et al. 2006; Qiu et al., 2008). 

3.2 Effects of Climate Change on Food Production 

Food production is a primary production process which under the 
role of artificial production management and agricultural science 
and technology, through photosynthesis of crops, transform the 
climate, soil and other natural resources into food products. From 
this principle, climate and soil conditions are most basic resources 
and environmental factors to crop growth and development, 
compared with relatively stable soil conditions, erratic weather 
conditions are main factors that affect crop’s yield and quality 
changes. 

Moisture and temperature conditions are main climatic factors that 
determine the crop’s distribution, structure and yield, drought, 

flood and low-temperature conditions are common agro-climatic 
disasters. Latitude is comparatively high in west region of Jilin 
province, and climate is relatively cold, chilling damage is main 
meteorological disaster. According to statistics, regression 
relationship of crop yields and temperature from 1950 to 1975 in 
Jilin province, from May to September, average temperature 
increase one degree, the province's total grain output raised by 
15%. Average yield of grain and bean in the 20th century in Jilin 
province hovered at l000 -2000 kg/hm2 until the late 70s, but since 
1980’s it jumped into the 4000 - 5000 kg/hm2. This change on the 
one hand has a relationship with agricultural production policy, on 
the other hand, it relates to the northeast region especially Songliao 
Plain whose average temperature of agriculture growing season has 
entered a relatively warm period since 1980’s. The average yield 
increased to 5000 - 6000 kg/hm2 in 1990’s, but inter-annual 
fluctuations increased (Lian et al., 2007). Climate warming can 
increase the energy resources, and expand the planting area of 
thermophilic high-yielding crops (rice, corn), increase growing 
proportion of high-yielding species with longer growth period to 
gain a greater harvest of agricultural production. In recent years, 
with global warming and the continuous advancement of 
agricultural technology, significant changes have taken place on 
crop distribution in the western region of Jilin province, namely, 
the rapid expansion of rice’s cultivation area, and the 
corresponding shrank of other grain-growing area (Pan 
Tiefu.1998). Firstly, this change due to global warming, extended 
frost-free period, advanced sowwing date, the original high quality 
rice varieties which can not grow in the western region can be 
promote planting; secondly, it is a result of frequent droughts 
which make yield of dry crop decline. 

Meanwhile, aridification is threatening the sustainable 
development of agriculture. Except for the soaring temperature, 
precipitation in this region has been lower than multi-year average 
value for years, which indicates a warming and drying trend of 
climate change. The decade since the mid-1990’s was not only a 
time of the highest drought frequency but also a period of the most 
serious damage in the west of Jilin province. The statistics indicate 
that, drought area during the decade mentioned above was 
2,017,300 hm2 on average, disaster area was 1,286,000 hm2, zero 
harvest area was 100,000hm2, yield reduction was 2, 971,000 ton, 
economic crops loss was 367 million Yuan, and the extreme 
drought occurred in 1997, 2000, 2001, 2002 and 2004. (Hu et al., 
2006). 

4. DEVELOPMENT STRATEGIES    

In order to curb a series of eco-environmental degradation 
problems caused by climate change and population growth in the 
western region of Jilin province, party committee and government 
of Jilin province put forward strategic initiatives timely about eco-
province construction in 1999, grassland ecology protection, 
woodland, wetlands and saline-alkali land protection, 
desertification control, ecological grass building in the western 
region, and a series of ecological restoration and construction 
project. Eco-Office of Jilin province invested more than 6800 
million yuan ecological province construction special funds on 
western saline-alkali land management project, relevant 
departments and local governments invest 100 million yuan which 
drive the whole society to invest 400 million yuan. Government of 
Jilin province implement "the western land development major 
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engineering" project in 2007 whose investment is as high as 6.2 
billion. This major project will rebuild and perfect western three 
important water conservancy projects and transform saline-alkali 
land to cultivate rice, and strive to eliminate salinization area 
basically and restore vegetation. Mildly saline-alkali soil will be 
converted to high-quality resource on the basis of vegetation 
restoration; moderate region restore vegetation, 80% of which turn 
into available resources; vegetation be restored basically in severe 
region, 30% of which turn into available resources and increase 
cultivated land 270,000 hm2, rice annual yield 1.65 billion kg. 

High attention should be paid to climate warming induced climate 
disaster warning and prevention work, besides hydraulic 
engineering construction, land consolidation, saline-alkali soil 
improvement and desertification control during ecological 
environment protection and construction process in west region. 
Establish climate disaster spatial decision support system, so as to 
promote ecological restoration construction and land consolidation 
the management of scientific process actively. Therefore, 
recommendations and response plans are proposed as follows: 

� In the background of global warming, it’s necessary to learn and 
respect the laws of nature, to insist on the principle that we should 
act according to circumstances and to make reasonable 
arrangement of farmland, grassland, pasturage and woodland. In 
order to prevent changing grassland to farmland and over 
cultivating, it’s necessary to hold the faith that unifying ecology 
and economy, coordinating production and carrying capability, act 
according to local conditions and give priority to water, soil and 
gas under the instruction of regional difference and dominate 
limiting factor, and try our best to build a harmony environmental 
friendly society between man and nature in the western region of 
northeast China. 

� Increase the intensity of investment in ecological environment 
monitoring and research in western region, and promote the 
relevant scientific research  capability of scientific and 
technological innovation to improve the capabilities of the 
scientific and technological support in the developing process of 
ecological environment restoration and agricultural. Promote the 
roles of high-new technologies vigorously such as the Remote 
Sensing, Geographic Information System, Global Positioning and 
so on in ecological environment protection and reconstruction in 
western Jilin province to establish different levels of dynamic 
monitoring and early warning systems for the ecological 
environment and catastrophic climate in west region, and on which 
basis develop application systems about ecological restoration, land 
consolidation planning and agriculture designation, scheme making 
and effects assessment, to enhance decision-making capacity on 
scientific management and management level of the ecological 
environment construction and sustainable develop agriculture and 
animal husbandry in west region. 

� Water resource is the decisive factor in the process of ecological 
environment’s protection and restoration, industrial and agricultural 
and husbandry’s development in the western region of Jilin 
province. Raising income and reducing expenditure is the 
fundamental way to resolve the problem of inadequate water 
resource in the context of climate warming and drying in the west 
region. The three important water project which is under 
construction will relieve the tense status of water utilization of 

industrial, agricultural and urban to some extent, and will help 
enhance the capacities of flood control and drought resistance. 
However,  overall, the water resource in the western region is still 
scarce, and should use water scientifically, economically and 
efficiently, which require managing water resource scientifically in 
temporal and spatial configuration, implementing total amount 
control and quota management. 
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ABSTRACT:  
 
The regional models of yield response to temperature (minimum, maximum and its diurnal range) and precipitation developed for 
meteorological (met) sub-divisions of India were used to study the impact of future climate change on major food crops viz. wheat, rice, 
potato and rapeseed-mustard. The area weighted averages of district-wise crop yield data were computed at met sub-division level for 
1977–2007 for 9 major wheat (Triticum aestivum  L.) producing met sub-divisions, 16 major rice (Oryza sativa L.) producing met sub-
divisions, 6 major potato (Solanum tuberosum L.)  growing sub-divisions of and 8 major rapeseed-mustard (Brassica spp.) growing sub-
divisions. Fortnightly correlation weighted weather parameters like minimum and maximum temperature and precipitation for the 
respective met sub-division and periods of the crop season were used to develop the empirical relationships. A negative response of yields 
to increased minimum temperatures was observed for all the crops. In general, the reduction in crop yields upto 13.4 % was observed with 
unit increase in minimum temperature. The crop yield also showed negative response to increased maximum temperature and its unit 
increase reduced the yields upto 10.3 % and 5.3 % for rice and wheat crop, respectively. The crops like potato and rapeseed-mustard 
showed positive response to increased maximum temperature, which might be due to their strong positive correlations with diurnal 
temperature range (DTR). The estimated impacts of diurnal temperature range (DTR) changes on yields were generally less (< 5% change 
in yields) for wheat and rice crops while more upto 8.6 % for potato and rapeseed-mustard crops. Based on A2 scenario of temperature and 
precipitation change, as derived from PRECIS (Providing Regional Climates for Impacts Studies) regional climate model, it was found 
that, during the period 2071-2100, the rice yields in irrigated regions would reduce upto 32 % in Haryaana followed by 18 % in Punjab 
while it may increase in rainfed regions upto 28 % in Orissa followed by 18 % in Madhya Pradesh. The reduction in wheat yields will be 
21 % in East Rajasthan followed by 18 % in West Rajasthan and 14 % in East Madhya Pradesh. The climate change scenario may lead up 
to 39 % reduction in rapeseed-mustard and 19 % reduction in potato yields. However, the yield change projection uncertainties were large 
due to the uncertainties associated with the yield model.  

 

                                                                 
∗ kishan@sac.isro.gov.in 

1. INTRODUCTION 

Climate change is one of the most important global environmental 
challenges facing humanity with implications for food production, 
natural ecosystems, freshwater supply, health, etc. (Sathaye et al., 
2006). The impacts of climate change on food production have its 
due focus of research over the past few decades (Adams et al., 
1990; Cubasch et al., 2001; Parry et al., 2005; Rosenzweig and 
Parry, 1994, Lobell et al., 2006, Lobell, 2007, Mall et al, 2006, 
Kalra et al., 2008).  Mostly all of these studies have utilized climate 
model projections of temperatures and rainfall on a monthly or 
annual average basis. A smaller number of studies have also 
considered other aspects of climate change, such as changes in 
daily and inter-annual variability of climate (Mearns et al., 1997), 
increased frequency of heat spells or other extreme events 
(Rosenzweig et al., 2002), and changes in humidity and solar 
radiation (Brown and Rosenberg, 1997). 

Since most of the studies have used crop simulation models 
calibrated with the inputs from the experiments on existing popular 
varieties, the outputs of these studies is difficult to extrapolate at 
regional scale. In contrast, the use of statistical yield models 
developed at regional scale with regional inputs like historical 
weather and crop yield have advantage that they intrinsically 
account for a wide variety of mechanisms that can influence yields 

in a changing climate (Lobell, 2007). The goal of this study was to 
evaluate the impact of climate change using a combination of 
historical datasets and regional climate model projections under A2 
scenario of Intergovernmental Panel on Climate Change (IPCC).  

Rice (Oryza sativa L.) and wheat (Triticum aestivum  L.) are two 
major food crops of India contributing around 42.5 and 34.5 per 
cent, respectively to the total food grain production of the country 
(DES, 2007). Rice is mostly grown in Kharif  (June October) 
season, while wheat is mostly grown in Rabi (December-April) 
season. The other major crops grown during Rabi season are 
Rapeseed-Mustard (Brassica spp.) and Potato (Solanum tuberosum 
L.). These crops are also studied under the FASAL programme of 
the Department of Space (Parihar & Oza, 2006). Due to importance 
of these crops in the national agricultural scenario, it is important to 
study the impact of climate change on these crops.  

All the analysis was carried at meteorological (met) sub-division 
level, because of easy availability of weather data at this scale. For 
any particular crop, only those met sub-divisions were considered, 
where it has large distribution.  The regional models of yield 
response to temperature (minimum, maximum and its diurnal 
range) and precipitations developed for met sub-divisions were 
used to study the impact of future climate on these food crops. 
Here, weighted impacts of climate change in different phonological 
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phases (considering each phase of fortnightly interval) were studied 
using the empirical models developed based on correlation 
weighted climate parameters. 

2. MATERIALS AND METHODS 

2.1 Study Area 

The major crop growing regions of the above four crops are 
presented in Figure 1. Wheat is mostly grown in 9 met subdivisions 
covering the states of Haryana, Punjab, Rajasthan, Uttar Pradesh, 
Bihar and Madhya Pradesh.  Rice is more extensively grown in the 
country, covering 16 met sub-divisions. Potato growing is mostly 
restricted to 6 met sub-divisions, covering the states of Punjab, 
Uttar Pardesh, Bihar and West Bengal. 8 met sub-divisions were 
considered for  rapeseed-mustard. 

 

 

Figure 1. Major Crop-Growing Regions for Wheat, Rice, Potato 
and Rapeseed-Mustard in India 

2.2 Regional Yield Models 

The regional models of yield response to temperature (minimum, 
maximum and its diurnal range) and precipitation developed at 
meteorological sub-division level were used to study the impact of 
climate change on major food crops viz. wheat, rice, potato and 
rapeseed-mustard. First, the growing season months were selected 
based on state-wise crop calendars available with India 
Meteorological Department (IMD). Then, the spatial distribution of 
crops within the country were defined based on census data where 
the district having crop area more than 5 per cent of its 
geographical area is considered for the area of a particular crop. 
District-wise data on crop yields were obtained from the 
Department of Economics and Statistics (DES), Ministry of 
Agriculture, India. The area weighted averages of crop yield were 
computed at met sub-division level for 1977–2007 for the selected 
met sub-divisions for different crops (Chaudhuri et al., 2001, 
Chaudhari and Dadhwal, 2002a ). 

The weekly weather data of minimum and maximum temperature 
and precipitation for the respective met sub-division were collected 
from the India Meteorological Department (IMD). The diurnal 
temperature range (DTR), which is an indirect indicator of solar 
radiation (Bristow and Campbell, 1984), was computed by 
subtracting minimum temperature (Tmin) from maximum 
temperature (Tmax). The fortnightly averages of temperatures and 
totals of the precipitation were computed for the respective crop 
seasons and meteorological sub-divisions. 

To remove the influence of technology trends on crop yields, a first 
difference time series was computed for both the yields and climate 
variables by subtracting the previous year’s value from each year 
(Nicholls, 1997, Lobell, 2007). To evaluate the varying effects of 
these first differences of weather variables (Δyield, ΔTmax, 
ΔTmin,  ΔDTR, and ΔRF) in each fortnight of the crop season on 
crop yields, correlation weighted regression based models (Bhagia 
et al., 2005, Chaudhari and Dadhwal, 2002b, Chaudhari and Patel, 
2009) were used. The general form of these correlation weighted 
models, is like:  

∑
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Zk is the sum of correlation coefficient (rkn) weighted kth weather 

parameter (Xkn) normalized by sum of correlation coefficients of 

that weather parameter in different fortnights of crop season with 

crop yield; rkn is the linear correlation coefficient of crop yield 

with kth (k = 1, 2 ,3 & 4 for ΔTmax, ΔTmin,  ΔDTR, and ΔRF, 

respectively)  first order differences of  weather parameter in the 

nth fortnight; Xkn is the value of kth weather parameter (first order 

differences)  in the nth fortnight for a particular year or crop 

season,  a and bk  are the regression constants and e is the model 

error.  

The DTR has strong correlations with either Tmax and/or Tmin. It 

may not be needed to use it as a separate variable.  However, in this 

study it was additionally used as in many cases it had strong 

relation with the crop yield and its effect was more dominant than 

either of Tmax or Tmin. Though, precipitation mostly occurs only 

during south-west monsoon period (June-September) in India and it 

has key role for the kharif crops like rice, it was also considered for 

the rabi season crops like potato and rapeseed-mustard because of 

its indirect influence on occurrences of disease and pest as well as 

supplement of moisture in rainfed regions such as Madhya Pradesh 

and Rajasthan. 
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2.3 Estimates of Climate Change Impacts 

To evaluate the potential impact of  ΔTmax, ΔTmin,  ΔDTR, and 

ΔRF changes in climate change scenario, projections of daily Tmin 

and Tmax were obtained from the output of HadCM3 GCM, 

available at IPCC Data Distribution Centre. It has a spatial 

resolution of 3.75o Longitude x 2.5o Latitude (Carter, 2007),. The 

daily precipitation change values were obtained from the high 

resolution regional climate change scenarios for India using 

PRECIS (Providing Regional Climates for Impacts Studies) RCM 

(Rupa Kumar et al., 2006), available at 0.44o x 0.44o grid size. 

Temperature projections were available for several IPCC SRES 

scenarios for the period 2071-2100. However, we used results for 

the A2 scenario, a very heterogeneous world with continuously 

increasing global population and regionally oriented economic 

growth that is more fragmented and slower than in other secnarios 

(Cubasch et al., 2001). Changes in Tmin, Tmax and Precipitation 

were computed for each fortnight by subtracting the climate model 

average for 1961–1990 from the corresponding average for 2071-

2100 and the grid-wise differences were integrated over the met-

sub division level to use in the model for impact studies. The 

fortnightly DTR values were obtained by subtracting 

corresponding values of Tmin from Tmax for each respective 

fortnight and met-sub division. 

The correlation weighted weather parameter based multiple linear 

regression yield models derived above (Section 2.2) were used to 

estimate the impact of projected climate parameters on crop yield. 

The crop yield impacts due to each weather parameter were 

estimated separately using projections of a particular parameter 

keeping other parameters as no-change. Finally, overall crop yield 

impacts were also computed using all the weather parameters 

together. 

3. RESULTS AND DISCUSSION 

3.1 Regional Yield Models 

A negative response of yields to increased minimum 
temperatures was observed for all three rabi crops: wheat, 
potato and rapeseed-mustard while mixed response was 
observed for kharif rice (figure 2). In general, the reduction in 
crop yields upto 13.4 % was observed with unit increase in 
minimum temperature. The reduction impact was high for rabi 
crop as compared to kharif rice. The yield also showed negative 
response to increased maximum temperature and its unit 
increase reduced the yields upto 10.3 % and 5.3 % for rice and 
wheat crop, respectively. The yield of crops like potato and 
rapeseed-mustard showed positive response to increased 
maximum temperature, which might be due to their strong 
positive correlations with diurnal temperature range (DTR).  
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Figure 2. Estimated Coefficient for Response of Δyield (in 
kg/ha) per unit Change in Tmax, Tmin & DTR (oC) and RF 
(mm) in a Multiple Linear Regression Model. Error Bars Show 
± 95 % Confidence Interval 

The increased DTR is associated with clear sky condition and 

increased radiation, which enhance the photosynthesis (Fischer, 

1985) and provides unfavorable condition to pest and diseases of 

these two crops.  The mixed impact (increase and decrease both) 

was observed on rice yield for the increased precipitation. The 

rainfed rice regions (Orissa, Madhya Pradesh, eastern Uttar 

Pradesh, Bihar etc.) showed positive impacts on yield while 

negative or no impact was observed for irrigated regions (Punjab, 

Haryana, West Bengal etc.). The estimated impacts of diurnal 

temperature range (DTR) changes on yields were generally less (< 

5% change in yields) for wheat and rice crops while more upto 8.6 

% for potato and rapeseed-mustard crops with the unit increase in 

the DTR. There were also strong correlations of DTR with Tmax 

and in-season rainfall. 

3.2 Estimates of Future Impacts 

3.2.1 Climate model projections: The seasonal met-sub division 
level average projections computed from HadCM3 GCM (Tmax 
and Tmin) and PRECIS RCM (Precipitation) outputs are shown in 
Figure 3. The projected rise in Tmin is more as compared to Tmax 
in both the seasons i.e. kharif and rabi and hence it shows a 
decrease in DTR. Overall the projected rise was higher (> 5o C) in 
Tmin while very low (<3o C) in Tmax in Northwest India. The 
PRECIS precipitation projections also showed increased trend in 
all the met-sub divisions except Punjab and Western Rajasthan. 
The parts of eastern and central India, showed increase of 50-
300mm in rainfall in kharif season, which may benefit the rainfed 
kharif agricultural production. 
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Figure 3. Meteorological Sub-Division-Wise Seasonal Projected 
Changes (2071-2100 Versus 1961-1990) in Temperatures and 
Precipitation 

3.2.2 Yield responses to future climate: The anticipated 
responses of crop yield in terms of per cent change was estimated 
for rabi crops (Figure 4) and kharif rice (Figure 4), based on the 
values of regression coefficients (Figure 2) and the projected 
changes in temperature and precipitation (Figure 3).  As expected 
from the negative values of β (Tmin), the decrease in yields were 
found for most cases.  The decrease was more in rabi crops 
particularly in Northwest region of India as the increase in Tmin 
was very high in this region. Kalra et al (2008) also observed 
negative response to temperature for rabi crops like wheat, barly, 
chickpea and rapeseed-mustard in this region.  The increase in 
Tmax has showed positive response to rapeseed-mustard and 
potato crop in most of the cases. This may be due to strong positive 
correlation of Tmax with DTR and thereby clear sky condition 
may have increased the Tmax. Lobell (2007) also observed strong 
correlations of DTR with Tavg and thereby inverse relations with 
crop yield.   

The projections show very less increase in DTR in rabi season (< 1 
oC, Fig. 3) and had strong correlations with in-season rainfall and 
Tmax in both the seasons and its impacts were also less (< 4 %) for 
all the crops. This is shown only for wheat as an example (Figure 
4). 
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Figure 4 : Impact of Projected Changes by 2071-2100 in Tmax, 
Tmin, DTR and Rainfall (Individual and all Together) on Crop 
Yield (in % change) of rabi Crops. Error Bar Indicate ± 95% 
Confidence Interval 

For kharif rice, projected increase of both, Tmax and Tmin, 
showed reduction in yield. The reduction were more due to Tmin 
(upto 35% in Haryana) as compared to Tmax (upto 18% in Coastal 
Karnataka). The RCM projected increased rainfall showed increase 
in rice yield mostly in all the met-sub divisions except Bihar and 
Coastal Karnataka, which may be because of both the regions have 
very low or negative β values in responses to rainfall.  

Overall, future projected climate may reduce the rice yields in 
irrigated regions like upto 32 % in Haryaana followed by 18 % in 
Punjab while it may increase the rice yields in rainfed regions like 
upto 28 % in Orissa followed by 18 % in Madhya Pradesh (Figure 
5).  
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Figure 5. Impact of Projected Changes by 2071-2100 in Tmax, 
Tmin and Rainfall (Individual and All Together) on Crop Yield 
(in % Change) of kharif Rice. Error Bar Indicate ± 95% 
Confidence Interval 

4. CONCLUSION AND FUTURE DIRECTION 

The study showed that, there was a clear negative response of 
yields to increased minimum temperatures for all three rabi crops: 
wheat, potato and rapeseed-mustard while mixed response was 
observed for kharif rice. The reduction impact was high for rabi 
crop as compared kharif rice. The crop yield also showed negative 
response to increase in maximum temperature. The crops like 
potato and rapeseed-mustard showed positive response to increased 
maximum temperature might be due to its strong positive 
correlations with diurnal temperature range (DTR). The mixed 
impact (increase and decrease both) was observed on rice yield for 
the increased precipitation. The estimated impacts of diurnal 
temperature range (DTR) changes on yields were generally less for 
wheat and rice crops while more for potato and rapeseed-mustard 
crops with the unit increase in DTR.  

Since, the crop yield is a complex entity and affected by different 
biotic and abiotic factors and all the factors were not considered in 
this study, the impacts shown here may not the ultimate results. 
The uncertainties in these projections will also   be caused by the 
uncertainties of yield models. In future, the district level yield 
impacts may be computed and vulnerable climatic regions may be 
delineated using high-resolution RCM projections. 
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ABSTRACT:  
 
The fourth assessment report of IPCC (Intergovernmental Panel on Climate Change) makes it clear that the global average temperature has 
been increased by 0.740C over the last 100 years and projected temperature increase is about 1.8 to 40C by 2100. It is very likely that all 
regions will experience either declines in net benefits or increases in net costs for increases in temperature greater than about 2-30C. The 
developing countries are expected to experience larger percentage losses, global mean losses could be 1-5% GDP for 40C of warming 
(IPCC, 2007).This paper presents the impact of climate change on Indian mustard (Brassica juncea) in contrasting agro-environments of 
the tropics by using InfoCrop (a dynamic crop simulation model) . Impact of projected climate change scenarios (HadCM3 out put of A2a 

scenario) was assessed by running the regional validated model for 2020, 2050 and 2080 at five locations of India which comprises of  
three in the IndoGangetic plains (IGP), comprising of Delhi in northern IGP, Lucknow in central IGP and Calcutta in eastern IGP. Other 
two locations are mustard growing region in western India (Sriganganagar in Rajasthan) and central India (Gwalior in Madhya Pradesh). 
Simulated results showed a spatial variation in yield among all five regions in both irrigated and rainfed mustard. Under irrigated condition 
the yield reduction in 2020, 2050 and 2080 would be highest in eastern-IGP region followed by central-IGP. This was due to maximum 
projected rise in temperature in eastern-IGP where maximum and minimum temperature would rise by 5.1° and 5.6°C in 2080. The   
reduction of irrigated mustard yield was least in northern-IGP under almost all scenarios. But in western India, yield reduction gradually 
increased from 2020 to 2080. In future climate change scenarios rainfall was projected to increase in 2050 irrespective of the locations. But 
in 2020 and 2080 rainfall would reduce in northern-IGP, western and central India. This was reflected in higher reduction rainfed mustard 
yield in these 3 locations. But maximum yield loss would occur in eastern-IGP in 2080 which might be attributed to maximum temperature 
rise in this region. The above result supports the adverse impacts of future anticipated climate change on mustard growth and yield. An 
overall negative impact on India’s mustard farming was observed from 2020, through 2050 till 2080. Yield of both irrigated and rainfed 
mustard was affected by the changing climate. Spatial variation was noticed in terms of its yield loss with western and northern India being 
more vulnerable in term of yield reduction of the crop.  
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1. INTRODUCTION 

The diverse agro-ecological conditions in India are favorable for 
growing nine annual oilseeds, which include seven edible oilseed, 
viz., groundnut, rapeseed-mustard, soybean, sunflower, sesame, 
safflower and niger and two non-edible oil sources viz., castor and 
linseed. Apart from this, a wide range of other minor oilseeds of 
horticultural and forest origin, including in particular coconut and 
oil palm are grown in the country. The country ranks first in the 
world in the production of castor, safflower, sesame and niger, 
second in groundnut and rapeseed, third in linseed and fifth in 
soybean and sunflower (Hedge, 2005). The oil seed scenario in the 
country has undergone a sea change in the last 18 years. India 
changed from net importer in 1980s to a net exporter status during 
early 1990s. Again, it is back to net importer status importing more 
than 40% of its annual edible oil needs. The main contributors to 
such transformation up to early nineties have been (i) availability 
of improved oilseeds production technology and its adoption (ii) 
expansion in cultivated area (iii) price support policy and (iv) 
institution support, particularly establishment of Technology 
Mission on Oilseed (TMO) in 1986. But there was decline and/or 

stagnation in yield causing negative growth rate from 1997 
onwards due to unfavorable monsoon which create moisture stress 
(drought and excess rain fall), temperature increases etc. Mustard is 
very sensitive to climatic variables and hence climate change could 
have significant effect on its production. A part of the decline 
and/or stagnation in mustard yields causing negative growth rate 
from 1997 was possibly due to unfavorable monsoon which create 
moisture stress (drought and excess rain fall) and temperature 
increases (Arvind kumar, 2005). High temperature during mustard 
crop establishment (mid September to early November), cold spell, 
fog and intermittent rains during crop growth also affect the crop 
adversely and cause considerable yield losses by physiological 
disorder along with appearance and proliferation of aphid pest, 
white rust, downy mildew, and stem rot diseases. In a very recent 
paper, it has been shown that in coming decades fungicide treated 
oilseed rape crops will show an increase in yield of up to 0.5t/ha in 
Scotland while associated rising temperature will increase severity 
of stem canker disease which is likely to lead to decreased yields in 
southern England (Butterworth et al., 2009). A crop growth model 
was combined with a disease epidemic models and climate change 
forecasts for the 2020s and 2050s to derive these results. To 
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quantify the impact of climate change on crops needs simulation 
model, because it provides a means to quantify the effects of 
climate, soil and management on crop growth, productivity and 
sustainability of agricultural production. These tools can reduce the 
expensive and time-consuming field experimentation as they can 
be used to extrapolate the results of research conducted in one 
season or location to other seasons, locations, or management.  

Many crop simulation models have been evaluated and used as a 
research tool to assess risks associated with various management 
strategies, and to assist decision-making process. InfoCrop, a 
generic dynamic crop model, has been developed to meet these 
specific requirements. It provides integrated assessment of the 
effect of weather, variety, pests, soil and management practices on 
crop growth and yield, as well as on soil nitrogen and organic 
carbon dynamics in aerobic as well as anaerobic conditions, and 
greenhouse gas emissions. The model considers the key processes 
related to crop growth, effects of water deficit, flooding, nitrogen 
management, temperature and frost stresses, crop-pest interactions, 
soil water and nitrogen balance and (soil) organic carbon dynamics. 
Its general structure relating to basic crop growth and yield is 
largely based on several earlier models, especially SUCROS series, 
and is written in Fortran Simulation Environment (FSE) 
programming language. The model has been validated for dry 
matter and grain yields of several annual crops, losses due to 
multiple diseases and pests, and emissions of carbon dioxide, 
methane and nitrous oxide in a variety of agro-environments. There 
are almost no studies to assess the probable impact of climate 
change on mustard productivity in tropical regions. The objective 
of this study was therefore to quantify the impact of future climate 
change on mustard crop.  

2. MATERIALS AND METHODS 

2.1. Model Description 

InfoCrop is considering the processes such as of growth and 
development(phenology, photosynthesis, partitioning, leaf area 
growth, storage organ numbers, source: sink balance, transpiration, 
uptake, allocation and redistribution of nitrogen), effects of water, 
nitrogen, temperature, flooding and frost stresses on crop growth 
and development, crop-pest interactions (damage mechanisms of 
insects and diseases), soil water balance, soil nitrogen balance, soil 
organic carbon dynamics, emissions of green house gases and 
climate change module. The basic model is written in Fortran 
Simulation Translator programming language (FST/FSE; Graduate 
School of Production Ecology, Wageningen, The Netherlands), a 
language also adopted by the International Consortium for 
Agriculture Systems Application (ICSA) as one of the languages 
for systems simulation (Jones et al., 2001). Another version of the 
model has been developed to facilitate its greater applications in 
agricultural research and development by the stakeholders not 
familiar with programming. The user-interface of this software has 
been written using Microsoft. Net framework while the back-end 
has FSE models and databases in MS-Access. More details of the 
model are provided by Aggarwal et al. (2006a, b). 

2.1.1 Model input requirements: Soil: For three soil layers depth 
(mm), organic carbon (%), soil texture (sand, silt, clay %), bulk 
density and NH4-N and NO3-N content is needed. 

Plant: seed rate, specific leaf area of variety, grain weight. 

Daily weather: Minimum and maximum air temperature (oC), 
solar radiation (KJm-2d-1) vapour pressure (kPa), wind speed (ms-1) 
and rainfall (mm).  

Crop management: Date of sowing, and dates of irrigation and 
fertilizer application. 

2.1.2 Output and verifiable variables: The standard output 
comprises dry weight of roots, stem, leaves, grain number and 
grain yield, leaf area index, N uptake by crop, soil water and N 
content, evapotranspiration, N and water stress.  

2.1.3 Calibration and validation of model: Two field 
experiments dealing with water and nitrogen levels, and dates of 
sowing were conducted for calibration and validation of the model. 
These experiments were conducted during 2005-2006 and 2006-
2007 in I.A.R.I, research farm, New Delhi. New Delhi has a semi-
arid, sub-humid and sub-tropical climate with hot dry summers and 
severe cold winters. The soil reaction of experimental site was 
slightly alkaline with low electrical conductivity values and sandy 
clay loam in texture (Typic Haplusept). Soil was medium in 
organic carbon content and available nitrogen.  Data on phenology, 
leaf area, dry matter partitioning, and yield were collected for 
calibration of the model. Crop coefficients for mustard were 
calculated by using information from a wide literature survey. 
Further calibration of theses coefficients was done by the 
observations recorded from the field experiment conducted in 2006 
-07. These coefficients were used in the subsequent validation and 
application. 

2.2. Impact Assessment 

The impact of projected climate change scenarios were assessed by 
running the regional validated model for 2020, 2050 and 2080. The 
projected climate change scenarios for maximum and minimum 
temperature, rainfall were identified for 2020, 2050 & 2080. The 
scenarios were put into the model through mathematical function.  
Separate functions were drawn for different agro-ecological zones 
under study. The functions were from the output of the HadCM3 
model for A2a scenario. A2 scenario  is characterized by 
continuous population rise along with regionally oriented economic 
development. The projected CO2 concentration for 2020, 2050 and 
2080 scenarios were also put into the model. The projected CO2 
concentrations used in this study were 414, 522 and 682ppm at 
2020, 2050 and 2080 respectively.  

3. RESULTS AND DISCUSSION 

3.1. Irrigated Mustard 

Model has been calibrated and validated with field experiments and 
the Statistical evaluation of the model is given in Table 1. High R2 
values (0.75-0.96) indicate good linear agreement between 
observed and simulated data. In all the cases D-index value was 
found to be closer to 1. This showed a good simulation by the 
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model. Model efficacy values ranged from 0.75-0.92 (closer to 1) 
showing good performance of the model. CRM values ranged from 

-0.13 to 0.06 showing slight error of under and over estimation.  

Statistical 
Estimates 

Days to Anthesis 
(Days) 

Days to maturity 
(Days) 

Leaf Area 
Index 

Dry Matter 
Production (t ha-1) 

Seed Yield 
(t ha-1) 

R2 value 0.87 0.83 0.75 0.96 0.86 
RMSE 2.11 4.37 0.46 0.49 0.26 
D - index 0.96 0.95 0.93 0.98 0.96 
CRM 0.004  0.002 0.06 - 0.13 - 0.05 
EF 0.86 0.82 0.75 0.92 0.83 

 
Table 1: Statistical Estimates for the Comparison of Observed and Simulated Parameters 

From the statistical estimates it is conformed that InfoCrop-
Mustard model can be used to predict phenology (days to 50% 
flowering and days to maturity), growth (leaf area index, total dry 
matter production) and grain yield, effectively after calibration of 
the model defined cultivar specific co-efficients. After that the 
model has been used for climate change impact assessment. In 
future climate change scenarios projected yield is likely to reduce 
in both irrigated and rainfed crop. Simulated data showed a spatial 
variation in yield among all five regions. Yield reduction in future 
climate change scenarios in different locations of India was 
primarily attributed to reduction in crop growth period with rise in 
temperature in irrigated mustard. Under irrigated condition (Fig 1) 
the yield reduction in 2020, 2050 and 2080 would be highest in 
eastern-IGP (9.9%, 37.4%, 63.1%) region followed by central-
IGP. This was due to maximum projected rise in mean temperature 
in 2080 in eastern-IGP in A1 and A2 scenarios where temperature 
would rise by 5.7° and 5.3°C respectively (Table 2). Increased 
temperature in future scenarios caused early flowering resulting in 
reduced seed yield in this region. In 2080 yield reduction in 
irrigated mustard was least (11.8% in A1, 8.3% in A2 and 8.6% in 
B2) in northern-IGP. Temperature during the crop growth period is 
lower in northern-IGP, which might have caused less yield loss in 
this region. Central and western India, showed moderate yield 
reduction in 2080 with values simulated as 14.7% and 15.7% 
respectively.  

Location 2020 2050 2080 
Northern IGP 1.4 2.6 4.4 
Central IGP 1.1 2.6 4.3 
Eastern IGP 1.0 3.0 5.3 
Central India 1.3 2.5 4.5 
Western India 1.5 2.7 4.7 

Table 2: Projected Mean Temperature Rise (°C) During Mus-
tard Growing Season in A2a Scenario 

Irrig a t e d  M us t ard  A 2  S c e nario

0 . 0

2 0 . 0

4 0 . 0

6 0 . 0

8 0 . 0

A T 2 0 2 0 A T 2 0 5 0 A T 2 0 8 0

%
 y

ie
ld

 lo
ss

E a s t e r n IGP No r t he r n IGP We s t e r n Indi a

Ce nt r a l  Indi a Ce nt r a l  IGP

 
Figure 1. Percentage Yield Reduction of Irrigated Mustard due 
to Climate Change in India 

3.2. Rainfed Mustard 

Rainfed mustard would also suffer from yield loss in future climate 
change scenarios. Impact of variation in rainfall in future scenarios 
was observed in simulated yield of rainfed mustard. In future 
climate change scenarios rainfall was projected to increase in 2050 
irrespective of the locations. But in 2020 and 2080 rainfall would 
reduce in northern-IGP, western and central India. This was 
reflected in yield loss of rainfed mustard in these 3 locations where 
yield loss in 2080 will be 53.4%, 40.3%, 48.2% (Fig 2). But 
maximum yield loss would occur in eastern-IGP (57%) in 2080, 
which might be attributed to maximum temperature rise in this 
region. Yield of rainfed mustard was least affected in central-IGP, 
which is due to the fact that projected rainfall would increase in 
this region irrespective of the scenarios. The above result supports 
the adverse impacts of future anticipated climate change on 
mustard growth and yield. An overall negative impact on India’s 
mustard farming was observed from 2020, through 2050 till 2080. 
Yield of both irrigated and rainfed mustard was affected by the 
changing climate. Spatial variation was noticed in terms of its 
yield loss with western and northern India being more vulnerable 
in term of yield reduction of the crop.  
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Figure 2. Percentage Yield Reduction of Rainfed Mustard due 
to Climate Change in India 
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Increasing temperature lowered days to flowering and days to 
maturity, which in turn lowered total crop duration. In plants 
warmer temperature accelerates growth and development leading 
to less time for carbon fixation and biomass accumulation before 
seed set resulting in poor yield (Rawson, 1992; Morrison, 1996). 
Simulated results also confirmed reduction in leaf area index with 
climate change which in turn lowered the radiation use efficiency 
(RUE) of the crop. Less leaf area together with low RUE has 
lowered net photosynthesis and finally reducing total dry matter 
production of mustard crop. Pidgeon et al., (2001) also reported 
that changes in climate affect crop radiation use efficiency (RUE). 
Spatial variation in temperature as well as rainfall and its 
distribution led to spatial variation in yield reduction. This study 
support the recent report of the IPCC and a few other global 
studies which indicate a probability of 10-40% loss in crop 
production in India with increase in temperature by 2080-2100 
(Fischer et al. 2002, Parry et al. 2004, IPCC, 2007). Simulation 
study conducted by Singh et al., (2008) also revealed that with rise 
in temperature, rain becomes deciding factor in regulating crop 
production. It is envisaged that the increase in temperature, if any, 
may be compensated by increase in rainfall. 

4. SUMMARY AND CONCLUSION 

Results from this simulation study support the adverse impacts of 
future anticipated climate change on mustard growth and yield. An 
overall negative impact on India’s mustard farming was observed 
from 2020, through 2050 till 2080. Yield of both irrigated and 
rainfed mustard was affected by the changing climate. Spatial 
variation was noticed in terms of its yield loss with western and 
northern India being more vulnerable in term of yield reduction of 
the crop.  The potential adaptation strategies have to be identified 
to overcome the detrimental impacts of climate change on mustard 
yield, thereby nullifying the pressure on food demand. In future 
climate change studies, the uncertainties and limitations are to be 
considered in the crop simulation modeling and climate change 
scenarios. The assessment of climate change on Indian agriculture 
can be more precise and provide sound basis for regional policy 
planning.  

REFERENCES 

Aggarwal, P.K., Banerjee, B., Daryaei, M.G., Bhatia, A., 
Bala, A., Rani, S., Chander, S. Pathak, H. and Kalra, N. 
(2006a). InfoCrop: A dynamic simulation model for the 
assessment of crop yields, losses due to pests, and 
environmental impact of agro-ecosystems in tropical 
environments. I. Model description. Agricultural systems, 
89: 1-25 

Aggarwal, P.K., Kalra, N., Chander, S. and Pathak, H. 
(2006b). InfoCrop: A dynamic simulation model for the 
assessment of crop yields, losses due to pests, and 
environmental impact of agro-ecosystems in tropical 
environments. I. Performance of the model. Agricultural 
systems, 89: 47–67. 

Arvind Kumar. 2005. Rapeseed-mustard in India: Current 
status and future prospects. In: Winter School on Advances in 
Rapeseed-Mustard Research Technology for Sustainable 

Production of Oilseeds, National Centre on Rapeseed-Mustard, 
Sewar, Bharatpur- December-15 to January 04, 2005,  pp. 278–
288. 

Butterworth, M.,  Mikhail Semenov, Andrew Barnes, Dominic 
Moran, Jon West and Bruce Fitt. 2009. North-south divide; 
contrasting impacts of climate change on crop yields in 
Scotland and England. Published online in the Royal Society 
journal Interface (10.1098/rsif.2009.0111) on 13th May, 2009 

Fischer G, Mahendra Shah and H.V. Velthuizen 
2002.Climate Change and Agricultural Vulnerability. A 
special report prepared by the International Institute for 
Applied Systems Analysis as a contribution to the World 
Summit on Sustainable Development, Johannesburg 2002. 

Hedge, D.M. 2005. Oilseed scenario in India – Past, Present 
and Future with special reference to rapeseed-mustard. In: 
Winter School on Advances in Rapeseed-Mustard Research 
Technology for Sustainable Production of Oilseeds, National 
Centre on Rapeseed-Mustard, Sewar, Bharatpur- December-15 
to January 04, 2005,  1–15. 

IPCC. (2007). Climate change- impacts, Adaptation and 
vulnerability Technical summary of Working group II. to 
Fourth Assessment Report Inter-governmental Panel on 
Climate Change. Parry, M.L., Canziani, O.F., Paultikof, 
J.P., van der Linden, P.J. and Hanon, C.E. (Eds.), 
Cambridge University press, Cambridge, U.K. pp.23–78 

Jones, J.W., Keating, B.A. and Porter, C.H. 2001. 
Approaches to modular model development. Agric. Syst., 
70: 421–443. 

Morison, J.I.L. 1996. Global environmental change impacts on 
crop growth and production in Europe. Implications of global 
environmental change for crops in Europe. Aspects of Applied 
Biology. 45: 62–74.  

Parry, M.L., Rosenzweig, C., Iglesias, Livermore, A.M. and 
Fischer, G. 2004. Effects of climate change on global food 
production undes SRES emission and socio-economic 
scenarios. Global Environ. Change. 14: 53–67. 

Pidgeon, J.D., Werker, A.R., Jaggard, K.W., Richter, G.M., 
Lister, D.H. and Jones, P.D. 2001. Climatic impact on the 
productivity of sugar beet in Europe, 1961–s1995. Agricultural 
and Forest Meteorology, 109: 27–37. 

Rawson, H.M. 1992. Plant responses to temperature under 
conditions of elevated CO2. Australian Journal of Botany. 
40:473–490.  

Singh, M., Kalra, N., Chakraborty, D., Kamble, K., Barman, 
D., Saha, S., Mittal, R.B. and Pandey, S. (2008) Biophysical 
and socioeconomic characterization of a water-stressed area 
and simulating agri-production estimates and land use planning 
under normal and extreme climatic events: a case study. 
Environ. Monit. Assess. 142: 97–108.  

 

 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

110 

ANALYZING THE IMPACT OF RISING TEMPERATURE AND CO2 ON GROWTH AND YIELD  
OF MAJOR CEREAL CROPS USING SIMULATION MODEL  

Rojalin Tripathy∗, S.S. Ray and A.K. Singh1 

Agriculture, Forestry & Environment Group, RESA, Space Applications Centre, ISRO, Ahmedabad–380 015, India 
1Indian Council of Agricultural Research, New Delhi–110 012, India 

Commission VIII, WG VIII/6 

KEYWORDS: Temperature Rise, Doubled CO2, Cereal Crops, Sensitive Growth Stage, Yield. 
 
 
ABSTRACT:  
 
Temperature and CO2 are two important parameters related to climate change, which affect crop yield. In this study, an attempt has been 
made to assess the impact of these two factors on the productivity of the four major cereal food crops (wheat, rice, maize and pearl millet) 
taking New Delhi as study area. This study also aims at identifying the most sensitive growth phase of these crops to the rising temperature. 
A soil-plant growth simulator CropSyst model was used for this purpose. Calibrated crop coefficients and soil data of the study area were 
collected from the previous experiments. Five years’ weather data was used to simulate the actual crop yield under unstressed condition. 
Maximum and Minimum temperature was increased by 1, 2, 3, 4 and 5 0C for whole year. Yield was simulated with different rising 
temperature scenarios.. Yield was also simulated at present level of CO2 as well as doubled CO2 situation using each of the rising 
temperature scenarios. To find out the most sensitive growth phase to the change in temperature, maximum and minimum temperature was 
increased by 1-50 C only during each of the three important phenophases (Emergence to Peak LAI; Beginning of flowering to beginning of 
grain filling; Beginning of grain filling to beginning of physiological maturity). The difference in yield, biomass, water use in terms of 
actual evapo-transpiration and total crop duration was estimated and analyzed to assess the effect of elevated CO2 and temperature. All 
crops showed reduction in yield with increasing temperature. Wheat was the most sensitive crop and maize is the least sensitive crop to 
temperature rise among the four. Doubled CO2 increased yield at all temperature rise situation. Wheat and rice showed increase in yield up 
to 2 0C rise in temperature at doubled CO2 condition. Maize increase yield up to 3 0C rise in temperature under doubled CO2 situation and 
pearl millet sustained yield only up to 10C rise in temperature with doubled CO2 level. Except for wheat, active growth phase was found to 
be the most sensitive growth phase to temperature rise resulting in maximum of 26, 30 and 49 percent reduction in yield of rice, maize and 
pearl millet, respectively. For wheat it was the grain-filling phase that was found to be most sensitive to temperature rise resulting in 12 
percent reduction in yield.  
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1. INTRODUCTION 

Climate change is expected to impact crop yield both in positive 
and negative ways, though the magnitude may differ at various 
locations. An assessment of the possible net impact of climate 
change can help in formulating new strategies to mitigate negative 
impacts while sustaining positive impacts of climate change on 
crop production through proper adaptation methodology.  Recent 
studies confirm that the impact of global warming beyond a certain 
limit may be serious for agricultural productivity particularly in 
arid and semi-arid regions (IPCC, 2007).  Temperature is an 
important climatic factor, which can have profound effects on the 
yield of crops mainly through phenological development processes. 
Differential response to temperature change (rise) by various crops 
has been shown under different production environments (Kalra et 
al, 2008). The increase in CO2 concentration could increase the 

photosynthesis rate and hence enhance the plant growth though the 
magnitude depends on the crop type as different crops differ in 
their photosynthetic mechanisms. Since increase in CO2 is 
associated with increase in temperature, which can affect crop yield 
adversely, it becomes necessary to assess the effects of potential 
effect of both changes of CO2 and temperature in order to 
determine the future agricultural strategies that would maintain 
higher crop productivity. Rice, wheat and maize are the three major 
cereals of India while pearl millet is a major coarse cereal all of 
which contribute significantly to the national food grain basket. 
Response of crops to changes in climate condition depends on 
many factors and hence crop growth  simulations have been widely 
used to analyze crop response to future climate change.  

In the present study, an attempt has been made to assess the 
interactive impact of two important components of climate change 
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i.e. temperature and CO2 on the productivity of the above 
mentioned four major food crops (wheat, rice, maize and pearl 
millet) taking New Delhi as study area using the CropSyst (Stockle 
et al., 1994) crop growth simulation model. This study also aims at 
identifying the most sensitive growth phase to the change in 
temperature in these crops. 

2. METHODOLOGY 

2.1 Study Site 

The crop, weather and soil data required for the present 
investigation were taken from the research farms at Indian 
Agricultural Research Institute, New Delhi (28o 38'N, 77.10' E) 
situated at an elevation of 228 m above MSL. The soil is classified 
as Typic Haplustept and is sandy clay loam in texture. The climate 
of the study area is semi-arid with an annual maximum and 
minimum temperatures ranging from 43.9 to 45.0 and 6.0 to 8.0 0C, 
respectively. The mean summer and winter temperatures are 33.0 
and 17.3 0C, respectively. The mean annual rainfall is around 700 
mm, of which more than 75% is received in the months of July to 
October (kharif season). The soil texture of the experimental site is 
clay loam with slightly alkaline pH of 7.75, bulk density of 1.52 
g/cc, hydraulic conductivity of 1.01 cm/hr, field capacity of 39.9 
%(cc/cc) and permanent wilting point of 6.8 % (cc/cc). 

2.2 Input Data 

Weather data of the study area were collected from the 
Observatory of  Indian Agricultural research Institute for a period 
of five years (2000-2005). This includes Maximum and Minimum 
temperature, Relative humidity, Rainfall and wind speed. Solar 
radiation was estimated using Hargreaves formula using Maximum 
and minimum temperature, site-specific extra terrestrial radiation 
and site-specific regression coefficient generated earlier (Tripathy 
et al, 2008).  Calibrated crop coefficients of the four crops and soil 
data of the study area were collected from the previous experiments 
(Singh et al., 2008). The crop varieties for which calibrated 
coefficients were taken are PBW-343 (wheat), KH101 (maize), 
Pusa Sugandhi (Rice) and PUSA 383 (pearl millet). The calibrated 
coefficients were validated for another year. Soil physical and 
chemical properties were taken from the published literature (Singh 
et al., 2008). 

2.3 Generation of Weather Files with Rising Temperature  

Weather files were prepared for the CropSyst model using the 
original data for the period of 2000-2005. Both maximum and 
minimum temperature of the original weather file were increased 
by 1, 2, 3, 4 and 5 0C for whole year to generate new weather files 
for each year. Likewise for a single crop total twenty-five weather 
files for the five-year period were generated. For finding out the 
most sensitive crop growth phase to temperature rise, new weather 
files were generated by restricting the temperature rise to the 
respective growth phase. The important growth phases of each of 

the four crops (Active growth, flowering and grain filing) were 
taken into account. Thus total 300 weather files were generated for 
all crops with the five different range of temperature rise. 

2.4 Potential Yield Simulation 

Potential yield is the maximum yield of a variety constrained only 
by the local climatic parameters and assuming no other stress 
(nutrient and water). Thus it depends on maximum and minimum 
temperature, rainfall and other weather variables. Potential yield of 
wheat (PBW-343), rice (Pusa Sugandhi), maize (KH101) and pearl 
millet (PUSA 383) under current weather and CO2 condition as 
well as under different changing scenarios with rise in temperature 
and CO2 was simulated using CropSyst model (Sockle et al, 1994). 
It calculated dry matter accumulation as a function of daily 
intercepted solar radiation and daily crop transpiration, using 
constant coefficient of radiation us efficiency, RUE (Monteith, 
1981) and transpiration efficiency, K (Tanner and Sinclair, 1983). 
Modifications were introduced to CropSyst in order to account for 
the effect of atmospheric CO2 on plant growth and water use 
(Stockle et. al., 1992). For more information on CropSyst readers 
are referred to Stockle et al (1994) and Jara and Stockle (1999).  

Initial CO2 was fixed at 375 ppm. Another set of simulation was 
generated with doubled CO2 concentration of 750 ppm. 16th July 
was used as transplanting date for rice, for wheat it was fixed at 23 
Nov, for maize 8 Aug and for pearl millet 1 Aug was taken as 
sowing date. Growth and yield of each crop was simulated for five 
years (2000-2005) for actual weather and generated weather with 
rising temperature scenarios as well as CO2 level of 375 and 750 
ppm (doubled CO2).  

2.5 Analysis of Impact of Rising Temperature and Net EF-
FECT of CO2-Temperature Rise 

Absolute difference and percentage difference between the 
simulated crop duration, leaf area index (LAI), water use and yield 
using actual weather data and those with the rising temperature 
data was calculated for each year and averaged out, which 
indicated the impact of rise in temperature on the above 
parameters. For studying the net effect of rising temp and CO2, 
absolute difference and percentage difference between the 
simulated yield using actual weather data and that simulated with 
the rising temperature data with 750 ppm CO2 was calculated for 
each year and averaged out. The average differences for each 
generated scenario was analysed for indicating the sensitivity of 
temperature to different cereal crop, and also to find out the most 
sensitive growth phase of each crop to rising temperature. 
Interactive impact of CO2 was also analysed to see whether the 
positive effect of expected range of rising CO2 can mitigate the 
adverse effect of temperature on crop yield and if yes to what 
extent. 
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3. RESULTS AND DISCUSSION 

3.1 Yield Response of Different Crops to Rising Tempera-
ture and CO2   

The simulation results showed that any increase in temperature at 
all the CO2 levels would cause decline in yields but an increase in 
CO2 level at each temperature increment would increase yields. 
Here first the effect of rising temperature alone is discussed and 
then the interactive effect of rising CO2 and temperature is 
discussed. Yield, biomass and water use in terms of actual 
evapotranspiration declined with increase in temperature (Table 1). 
Winter crop (wheat) was found to be more sensitive to higher 
temperature than the kharif crops (maize and rice). The yield 
reduction ranged from 8 to 66 percent in wheat with a reduction in 
total crop duration by 6-32 days. In rice the reduction in yield 
ranged from 11 to 41 percent while the total crop duration reduced 
by 20-50 days when temperature was raised by 1-50C for the 
whole season.  Maize showed 9-37 percent reduction in yield and 
8-25 days reduction in total crop duration. The yield reduction in 
pearl millet was 14-58 percent and total crop duration in this case 
was reduced by 5-18 days. Among the four crops wheat showed 
maximum sensitivity with highest reduction in yield (about 67 %) 
with 5 0C rise in temperature (Figure 1). 

Rise in 
Tempera
ture (0C) 

Reduction in Crop Duration (Days) 

 Rice Wheat Maize Millet 
1 20 6 8 5 

2 31 12 11 9 

3 39 21 15 12 

4 45 27 19 15 

5 50 32 25 18 

  Reduction in crop yield (%) 
1 11.31 7.86 9.49 14.45 

2 28.75 21.63 16.69 24.73 
3 29.75 35.91 26.24 37.25 

4 37.25 50.98 32.81 53.33 

5 41.52 66.75 37.36 57.95 

 Reduction in Actual evapo-transpiration (%) 

1 4.53 10.89 3.62 5.26 

2 8.02 25.83 6.39 9.38 

3 11.01 37.93 11.49 14.75 

4 13.38 49.39 14.01 23.88 

5 15.21 60.41 15.13 25.03 

Table 1: Change in Total Crop Duration, Grain Yield and 
Actual Vapo-Transpiration (AET) due to Rise in Temperature  

The negative effect of rising temperature on yield of different crops 
may be due to the fact that it increased the rate of respiration and 
shortened the vegetative and grain filling stage (Horie et al, 1995). 
Many researches have showed that high temperature could reduce 

the floral reproduction, increase the spikelet sterility due to 
stomatal closure and reduce fertilization (Satake and Yoshida, 
1978; Nishiyama and Satake, 1981; Matusi et al., 1997). The 
resulted decline in wheat yield is in agreement with the study of 
Kalra et al. (2008), which showed a rise of 30C can result 40 % 
decline in wheat yield in Haryana. Lal et al (1998) also reported 
similar reduction in wheat yield due to temperature rise. They also 
reported 41 % reduction in rice yield due to 40C rise in 
temperature. Reduction in rice yield with rising temperature as 
simulated in the present study is also corroborated with the result of 
Krishnan et al. (2007).  
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Figure 1. Yield Reduction in Different Cereal Crops with 
Temperature Rise 

The decline in yield due to temperature stress was compensated 
through doubling the CO2 level to 750 ppm, though the range is 
different at different temperature rise scenarios. Doubled CO2 level 
completely mitigated the adverse effect of temperature rise up to 20 

C in all crops except pearl millet and the resulted yield was more 
than the current yield  (Figure 2). However, beyond 2 0C, rising 
CO2 could not completely mitigate the adverse effect of rising 
temperature in rice and wheat. In maize the doubled CO2 
compensated the yield reduction due to temperature rise up to 3 0C. 
The interactive effect of rising temperature and CO2 is depicted in 
figure 2. Among the four cereal crops, the positive effect of rising 
CO2 was more in maize as compared to other crops.  

An increase in the CO2 level enhances photosynthesis and increase 
water use efficiency by producing more tillers per plant (Baker et 
al, 1990), which in turn increased crop productivity. The increased 
growth response with increasing CO2 concentration was attributed 
to greater tillering and more grain-bearing panicles. The net 
assimilation rate and canopy net photosynthesis also increased with 
increasing CO2 concentration. The Impact of elevated CO2 in maize 
was more than other crops, which may be because maize being a 
C4 crop could use the increased CO2 more efficiently than the 
other C3 crops. 
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Figure 2. Changes in Grain Yield of Different Cereal Crops to 
Temperature Changes for Present-day and Doubled 
Atmospheric CO2 Conditions 

3.2 Sensitive Growth Phase of Different Crops to Rising 
Temperature 

 

Figure 3. Sensitive Growth Phase of Different Cereal Crops to 
Temperature Rise 

In wheat the rise in temperature by 1 and 2 0C during active 
growth stage increased the grain yield by 1.33 and 1.04 %, 
respectively. Thereafter yield declined (Figure 3). Temperature rise 
during flowering stage resulted in 2.8 to 5.9 % reduction in yield. 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

114 

Rise in temperature during grain filing stage resulted in 1.8 to 12 % 
yield reduction when temperature was raised from 1 to 5 0C.  Same 
increment in temperature, for rice crop, during active growth stage 
resulted in 5.5 to 26.48 % yield reduction; during flowering stage 
resulted in 1.5 to 8 % yield reduction and during grain filling stage 
resulted in 1.19 to 4.86 % yield reduction. In maize the yield 
reduction ranges from 8.2 to 30 %; 0.63 to 3.43 % and 2.45 to 
10.10 % when the temperature rose from 1-5 0C during active 
growth, flowering and grain filling stage, respectively. In pearl 
millet the temperature rise during active growth stage resulted in 
9.8 to 49 %, temperature rise during flowering resulted in 6.04 to 
24.63 % yield reduction and during grain filling resulted in 0.69 to 
2.51 % yield reduction. 

Except for wheat, active growth phase was found to be the most 
sensitive growth phase to temperature. In case of wheat the grain-
filling phase was found to be most sensitive to temperature rise 
resulting in 12 percent reduction in yield (Figure 3).  

CONCLUSION 

From the present study it may be concluded that rabi (winter) crops 
are (wheat) more sensitive to high temperature stress than the 
kharif crops. The positive effect of CO2 was more in C4 crops 
(maize) as compared to C3 crops. The present study also indicated 
that adverse effect of rising temperature could be mitigated through 
the doubled CO2 up to 10C in pearl millet, up to 20C in rice and 
wheat, up to 3 0C in maize. However, rise in temperature beyond 
that temperature could cause significant reduction in yield of all 
cereal crops under the present management environment. Hence 
further research is required to find out the appropriate management 
practices to sustain the present level yield in a changed climate 
condition. This study could identified the critical phenological 
stages of the cereal crops taken in this study, which can be an input 
for adaptation practices, especially, while planning for modification 
of sowing date. 
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ABSTRACT: 
 
India produces about 24 million tonnes of potato from 1.32 million hectares under the crop. The Northern plains contribute about 84% of 
the total produce. The bulk of the produce comes from states of Uttar Pradesh (UP), West Bengal (WB), Bihar and Punjab contributing 40, 
32, 6 and 6%, respectively. The area, total production and mean tuber yield at the national level increased during the period 1980 to 2007 
by 92, 200 and 55 % respectively. The heat sensitive potato crop is mostly confined to Indo-Gangetic plains under irrigated conditions due 
to climatic constraints. Small scattered areas as rainfed crop are grown in hills during summers and in kharif season in plateau region, 
whereas winter season crop in the plateau region is irrigated. 
 
 

1. INTRODUCTION 

India produces about 24 million tonnes of potato from 1.32 million 
hectares under the crop. The Northern plains contribute about 84% 
of the total produce. The bulk of the produce comes from states of 
Uttar Pradesh (UP), West Bengal (WB), Bihar and Punjab 
contributing 40, 32, 6 and 6%, respectively. The area, total 
production and mean tuber yield at the national level increased 
during the period 1980 to 2007 by 92, 200 and 55 % respectively. 
The heat sensitive potato crop is mostly confined to Indo-Gangetic 
plains under irrigated conditions due to climatic constraints. Small 
scattered areas as rainfed crop are grown in hills during summers 
and in kharif season in plateau region, whereas winter season crop 
in the plateau region is irrigated. 

Climate change and global warming is now an acknowledged fact 
and reality. The rate of global warming in last 50 years is double 
than that for the last century. As many as 11 of the past 12 years 
were warmest since 1850, when records began. The threshold value 
of temperature rise is 2 OC for devastating, dangerous and 
irreversible consequences of warming to manifest world over. 
Global warming is witnessing shifting pattern of rainfall and 
increasing incidents of extreme weather events like floods, 
droughts and frosting along with increasing soil salinity and 
impaired quality of irrigation water. 

The current level of CO2 (369 ppm) in the atmosphere the main 
GHG is 35.4% more than the pre-industrial level and is rising. The 
CO2 level is predicted to be 393, 543 and 789 ppm in year 2020, 
2050 and 2080, respectively. The corresponding rise in temperature 
would be 1, 3 and 5 OC approximately during main potato growing 
winter season in India. 

The climate change and global warming will have a profound 
effect on potato growth story in India affecting not only production 
and profitability, but seed multiplication, storage, marketing and 

processing of this perishable vegetatively propagated crop (Singh 
et al., 2009). Under the impact of future scenarios of climate 
change and global warming the growth projections of potato in 
India might be arrested or even reversed, unless effective 
adaptation measures are evolved for timely intervention. 

In view of the above, potato productivity and production in India 
was estimated under future climate change scenarios. 

2. MATERIALS AND METHODS 

Current climate data sets of normal weather for 20 representative 
sites in major potato growing areas in India were assembled and 
used as baseline climate scenario. Potato tuber yield was simulated 
for all the selected sites without adaptations ie with recommended 
date of planting and optimal management practices for the current 
and future climates of varying temperature and CO2 concentrations. 
A validated INFOCROP-POTATO model (Singh et.al., 2005) was 
used for tuber yield simulations. Weighted mean of potato 
productivity in different states were extracted from simulated tuber 
yield at different locations in each state. Potato production in India 
at current and future climates was estimated based on relative 
contribution of different states in total potato production currently. 
Similarly, simulations were also made with simple adaptation 
measure of change in the date of planting (DOP) to assess its effect 
on production. The effect of advancing planting (-5 days) and 
delaying it by (+5 & +10 days) from optimum DOP from in the 
current and future climate scenarios on tuber yield of potato were 
simulated for all the sites. 

3. RESULTS AND DISCUSSION 

3.1 Potato tuber yield 

Potato productivity is likely to increase in Punjab, Haryana and 

Western UP by 7 and 4 % in the year 2020 and 2050, respectively. 
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In other states productivity is likely to decrease by 2 to 19% and 9 

to 55 % in the year 2020 and 2050, respectively (Table 1). All 

India estimates of production based on current relative contribution 

of different states in total production, showed decline in production 

from the current levels by 3.16 and 13.72 % in the year 2020 and 

2050, respectively (Fig. 1). Currently the winters are severe in 

Punjab and Haryana and western UP witnessing frosting in 

December and January. In future climate scenarios warming may 

ease the chilling conditions in these regions to favour potato 

productivity, while in other regions with cooler winter season the 

warming from current levels may prove detrimental. The all India 

estimates of potato production at various levels of rise in 

temperature and CO2 concentration is given (Table 2) 

 

Change (%) from current 
productivity 

Future climate (year) 

States 

2020 2050 
Uttar Pradesh (UP) -1.61 -9.08 
West Bengal (WB) -4.86 -16.11 
Bihar -3.01 -11.50 
Punjab & Haryana +7.31 +3.66 
Madhaya Pradesh (MP) -6.64 -20.63 
Gujrat -16.75 -55.10 
Maharashtra -8.82 -35.29 
Karnataka -18.68 -45.73 

Source: (Singh et al., 2009) 

Table 1: Assessment of impact of climate change on tuber yield 
productivity in major potato growing states of India without 
adaptations under optimal management. 

Atmospheric CO2 conc. (ppm) Rise in Temperature (OC) 
 Nil (current) 1 (2020) 2 3 (2050) 4 5 (2080) 
369 (current) 0.0 -6.27 -17.09 -28.10 -42.55 -60.55
400 (2020) 3.40 -3.16 -14.57 -25.54 -58.63 -58.63
550 (2050) 18.65 11.12 -1.25 -13.72 -30.25 -49.94

(Values in parentheses are likely years for associated CO2 levels and temperature rise) 

Table 2. Change (%) in potato production in India from current levels as affected by elevated CO2 and rise in temperature without 
adaptations. 

 

Figure 1. Impact of Climate Change and Global Warming on 
Potato Production in India 

Potato growth and development is affected at high temperatures. 

No potato crop growth is possible below 2 0C and above 30 0C. 

The minimum (0-7 0C), optimum (16-25 0C) and maximum (40 0C) 

temperatures for net photosynthesis are reported. Potato requires 

cool night temperature to induce tuberization. Although 

photosynthesis in potato is suppressed by high temperature, it is not 

as sensitive to temperature as tuberization and partitioning of 

photosynthates to tuber. The radiation use efficiency (RUE) is 

suppressed under high temperatures. High temperature reduces 

tuber number and size (Ewing, 1997). 

3.2 Adaptations to climate change 

In potato the optimum date of planting (DOP) is highly location 
specific even within small states and varies appreciably according 
to local weather conditions, soil and cropping systems. Therefore, a 
general recommendation to advance or delay in future climate 
scenarios is impractical. However, adaptation studies on change in 
DOP indicate possibility and extent of sustainable potato 
production in future climate scenarios by modification in DOP. In 
Punjab and Western UP the delayed planting by 5-10 days 
generally increased or sustained the tuber yield in warmer 2020 and 
2050 (Table 3). In these frost prone areas in the current climate the 
prime concern was to escape the frosting period in late December 
and early January by selecting an optimum planting date (OPT) 
allowing at least 75-90 days of growing period. Even in the current 
climate during frost free years delayed planting was found 
beneficial but is not recommended due to enhanced risk of frost 
damage. In Eastern UP and Bihar the delayed DOP by 5 to 10 days 
might sustain the potato production with only minor losses (0-10%) 
in tuber yield in future climate scenarios. In West Bengal (WB) 
there is no advantage from delayed planting and recommended 
DOP is the best option with a loss of 4-8% only. In WB, other 
adaptation measures like heat tolerant varieties, mulching etc. may 
prove beneficial. Similar was the situation in plateau and South 
India with yield losses of 4-100% depending upon the location 
(Table 3). Results indicate that for states of WB, plateau region and 
south India development of heat tolerant varieties and other 
adaptation measures need to be developed as change in DOP might 
not be very effective. 
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Indo-Gangetic Plains Plateau Region and South India 
Change (%) in yield Change (%) in yield Location DOP 
Current 2020 2050 

Location DOP 
Current 2020 2050 

-5 -5.6 6.7 -3.4 -5 -2.0 -8.4 -20.9 
OPT 0.0 7.3 3.7 OPT 0.0 -8.4 -17.3 
+5 15.1 18.1 13.8 +5 -0.2 -4.2 -12.0 

Jalandhar 
(Punjab) 

+10 19.4 21.7 18.9 

Indore 
(MP) 

+10 1.4 -14.1 -18.3 
-5 0.6 -15.2 -36.9 -5 -2.6 -21.3 -44.3 
OPT 0.0 -5.6 -7.7 OPT 0.0 -15.2 -47.6 
+5 11.2 1.3 -28.8 +5 -1.4 -18.5 -48.8 

Agra 
(UP) 

+10 22.1 18.2 14.4 

Anand 
(Gujrat) 

+10 1.2 -5.5 -43.8 
-5 1.9 -0.2 -7.8 -5 4.7 -32.5 -99.0 
OPT 0.0 0.8 -5.5 OPT 0.0 -32.2 -81.9 
+5 -6.6 -4.5 -9.7 +5 -5.0 -42.1 -97.1 

Varanasi 
(UP) 

+10 5.1 -3.2 -18.8 

Hasan 
(Karnataka) 

+10 -10.5 -49.4 -99.1 
-5 -2.8 -11.8 -21.8 -5 -4.9 -20.6 -48.0 
OPT 0.0 -3.1 -10.1 OPT 0.0 -14.4 -47.6 
+5 2.4 -0.3 -2.3 +5 2.2 -7.9 -43.3 

Patna 
(Bihar) 

+10 1.2 -1.7 0.7 

Pune 
(Maharashtra) 

+10 -1.4 -15.2 -39.9 
-5 -1.4 -7.5 -19.8 -5 -3.9 -7.3 -10.7 
OPT 0.0 -3.9 -7.7 OPT 0.0 -6.6 -13.5 
+5 -8.6 -9.4 -15.5 +5 -3.9 -5.0 -12.5 

Burdwan 
(WB) 

+10 -15.0 -19.6 -24.1 

Satara 
(Maharashtra) 

+10 -3.4 -10.1 -17.1 

DOP-date of planting indicates decrement or increment of days from optimum for the location; OPT-optimum date of planting 

Table 3: Effect of Adaptation Through Change of Planting Date on Potato Production in Few Important Locations of Potato Growing 
Areas in India 

CONCLUSION 

It may be concluded from the results that without adaptations the 
potato production under the impact of climate change and global 
warming may decline by 3.16 and 13.72 % in the year 2020 and 
2050, respectively. Possible adaptations like change in planting 
time, breeding heat tolerant varieties, efficient agronomic and 
water management and shifting cultivation to new and suitable 
agro-climatic zones can significantly arrest the decline in the 
production. 
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ABSTRACT:  
 
The vulnerability to climate change is greater in developing countries like India- which are mostly located in lower, warmer latitudes. 
Climatic data of different stations of Gujarat have been analyzed to ascertain the climatic change/variability in the state and its likely 
impact on crop production using crop models. The long period rainfall analysis showed slight increase in annual rainfall by 2.86 mm per 
year. The rainfall intensity in terms of daily maximum rainfall also showed increasing trend. The rate of maximum temperature increase 
was between 0.2 to 0.5°C per decade, maximum being in summer season. Similarly, the minimum temperature was found to increase but 
with slightly lower rate of 0.2 to 0.3°C per decade in different seasons. The calibrated DSSAT-3.5 models were used to simulate the wheat 
and maize yield under hypothetical weather condition that may be arising due to climate change. The climate scenario simulated for 
temperatures (± 1 to ± 3°C), radiation (± 1 to ± 3 MJm-2 day-1) and CO2 (440, 550 and 660 ppm against present concentration of 330 
ppm) were well within the range of projected climate scenario by IPCC. Results revealed that increase in temperature significantly reduced 
the wheat yield (-8 to -31 %) while decrease in temperature increased the yield (10 to 26%). The effect of maximum temperature on maize 
yield had similar effect but the magnitude is marginal   (- 4 to 6%) over whole range of temperature (±3°C) change. The minimum 
temperature had similar effect on wheat yield with less magnitude of variation (-14 to +19 %), however on maize yield increasing trend 
was observed with increase in minimum temperature. The effect was higher in wheat crop (-50 to 40%) than maize (-18 to 8%). Increase in 
CO2 had beneficial effect on both the crops.  
 
 

                                                                 
∗pandey04@yahoo.com  

1. INTRODUCTION 

The vulnerability to climate change is greater in developing 
countries like India- which are mostly located in lower, warmer 
latitudes. Climatic data of different stations of Gujarat have been 
analyzed to ascertain the climatic change/variability in the state and 
its likely impact on crop production using crop models. The long 
period rainfall analysis showed slight increase in annual rainfall by 
2.86 mm per year. The rainfall intensity in terms of daily maximum 
rainfall also showed increasing trend. The rate of maximum 
temperature increase was between 0.2 to 0.5°C per decade, 
maximum being in summer season. Similarly, the minimum 
temperature was found to increase but with slightly lower rate of 
0.2 to 0.3°C per decade in different seasons. The calibrated 
DSSAT-3.5 models were used to simulate the wheat and maize 
yield under hypothetical weather condition that may be arising due 
to climate change. The climate scenario simulated for temperatures 
(± 1 to ± 3°C), radiation (± 1 to ± 3 MJm-2 day-1) and CO2 (440, 
550 and 660 ppm against present concentration of 330 ppm) were 
well within the range of projected climate scenario by IPCC. 
Results revealed that increase in temperature significantly reduced 
the wheat yield (-8 to -31 %) while decrease in temperature 
increased the yield (10 to 26%). The effect of maximum 
temperature on maize yield had similar effect but the magnitude is 
marginal   (- 4 to 6%) over whole range of temperature (±3°C) 
change. The minimum temperature had similar effect on wheat 

yield with less magnitude of variation (-14 to +19 %), however on 
maize yield increasing trend was observed with increase in 
minimum temperature. The effect was higher in wheat crop (-50 to 
40%) than maize (-18 to 8%). Increase in CO2 had beneficial effect 
on both the crops.  

In view of the various uncertainties, climatic data of different 
stations of Gujarat have been analysed to ascertain the climatic 
change/variability in the state and its likely impact on agriculture 
using crop models. 

1.1 Biophysical Resources 

Gujarat is the western-most state of India. It has a long (1600 km) 
sea coast on the Arabian Sea.  The Gulf of Cambay separates the 
Western peninsula (Saurashatra) from the arid district of Kutch.  
The hill ranges of Aravalli in the northeast, Saputara in east and 
Sahyadri in the southeast run along the eastern boundary of the 
state from the northern district of Banaskantha to its southern end.  
Topographically, Gujarat state is characterized by a large central 
alluvial plain and a peninsula, separated by the Gulf of Cambay. 
Kutch, the largest district, lies north of the peninsula, and on its 
northern border is the large rann (desert) of Kutch.  Of the 
numerous rivers that flow westward across the plain, the most 
prominent, the Tapi, Narmada and Mahi, have perennial flow.  
With the exception of the northern-most part, the plain has assured 
rainfall.  The state’s area of 19.60 million ha accounts for about 
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6.0% of the total area of India.  Its net sown area is 9.58 million ha, 
which is 6.75% of that of the country.  Barren and uncultivated 
land (2.61 million ha) represents about 13.31% of the landmass of 
the state. 

Gujarat is divided into eight agroclimatic zone based on rainfall, 
soils and cropping pattern. The distribution of cropping systems is 
determined largely by the climatic gradient and distribution of 
soils.  Three types of tropical climate prevail across the state.  An 
arid climate is seen in the extreme north and northwest, comprising 
Kutch, and western portions of Banaskantha, Patan and Jamnagar.  
The Surat, Narmada, Navsari, Valsad and Dangs districts in the 
extreme south have a sub-humid climate with good vegetative 
cover.  The remaining parts of the state have a semi arid climate, 
relatively sparse vegetative cover, frequent droughts and 
susceptibility to soil erosion. 

The monsoon normally sets in mid-June and withdraws by mid-
September. The annual average rainfall of the state is 821 mm 
which is not reliable neither representative.  Average annual 
rainfall ranges from as high as 1900 mm in the sub-humid 
southeast to as low as 320 mm in the arid north.  The distribution of 
rainfall, particularly wet and dry spell characteristics, has largely 
determined the traditional evolution of cropping patterns and 
agricultural practices.  Much of the southern portion of the state 
experiences excess rainfall frequently. The northern and 
northwestern parts of Gujarat receive less precipitation and 
experience frequent failures of monsoon.   

2. MATERIAL AND METHODS 

Fifty years (1958-2007) of rainfall and temperature data of Anand, 
Gujarat, India were used to analyse the variability at different time 
scales while district wise rainfall data were use to study the spatial 
variability of rainfall in the state. The impact analysis of climate 
change on wheat and maize yield was assessed using CERES-
wheat and CERES-maize models, which were calibrated and 
validated using experimental data conducted at Anand (Anon., 
2007; Patel, 2004; Patel et al 2007). CERES models were subjected 
to simulate the wheat yield under hypothetical weather condition 
that may be arising due to climate change (Pandey et al 2007). The 
climate scenario simulated for temperatures (± 1 to ± 3°C), 
radiation (± 1 to ± 3 MJm-2 day-1) and CO2 (440, 550 and 660 ppm 
against present concentration of 330 ppm) were well within the 
range of projected climate scenario by IPCC (IPCC, 2007). In the 
case of wheat crop two management conditions (Full irrigation and 
limited irrigation) were considered while for maize crop two 
cultivars (Ganga Safed-2 and GM-3) were selected. Looking to the 
interaction effect of climatic parameters the yield was simulated 
due to change in individual parameters as well as in combination 
with other one or two. 

3. RESULTS AND DISCUSSIONS 

3.1 Climate Change/Variability 

3.1.1 Rainfall variability: Gujarat state receives about 95% of its 
annual rainfall through the influence of SW monsoon during June 
to September period. The subdivision wise rainfall analysis 
revealed that Saurashtra and Kutch subdivision have mean annual 

rainfall of 428 mm with coefficient of variation of 44% and 
decreasing trend of –5% per 100 years while Gujarat sub division 
has mean annual rainfall of 863 mm with coefficient of variation of 
32% and decreasing trend of –5% per 100 years.  

Temporal and spatial variability of rainfall analysis suggested 
occurrence of floods and drought side by side (Pandey et al 1999). 
Kutch having less rainfall (<350 mm) had highest annual rainfall 
variability (57%) while the Dangs having highest rainfall (1792 
mm) had lowest rainfall variability (29%). On monthly basis, the 
coefficient of variability is still higher, being >100% in Kutch even 
in monsoon months. Among four months of monsoon months, July 
contributes 35-45% of annual rainfall. Kutch is having 80% 
chances of getting low rainfall (<500 mm), the Dang and Valsad 
have 70% chances of getting higher rainfall (>1500 mm). Kutch 
district and parts of Banaskantha, Patan, Surendranagar, Rajkot and 
Jamnagar districts were found prone to experience moderate to 
severe droughts in more than 30 % of the years (Pandey et al 
1999).  

The annual rainfall analysis at revealed that Anand showed slight 
increase in annual rainfall by 2.86 mm (Fig.1). Although, the 
months of July and August are the months of receiving higher 
rainfall, the analysis at Anand showed that many a times June and 
September received higher rainfall than that of July and August. 
The rainfall intensity in terms of daily maximum rainfall also 
showed increasing trend at Anand. 

 

Figure 1. Annual Rainfall Variability and Trend at Anand 

3.1.2 Temperature: The maximum temperature at Anand was 
found to increase in all the three seasons (summer, monsoon and 
winter). The rate of increase was between 0.2 to 0.5 0C per decade, 
maximum being in summer season (Fig.2). Similarly, the minimum 
temperature was found to increase but with slightly lower rate of 
0.2 to 0.3 0C per decade in different seasons (Fig. 3).  

3.2 Impact Analysis 

3.2.1 Impact on wheat yield: The rate of increase of maximum as 
well as minimum temperature was lowest during monsoon season 
and highest during summer season. Thus the higher temperature 
during summer season may further aggravate the summer season. 
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3.2.1.1 Individual effects of temperature, solar radiation and 
CO2 concentration: The simulated grain yield of wheat by 

CERES-wheat model under incremental units of maximum 

temperature (1 to 3°C) showed gradual decrease in yield ranging 

from 3546 to 2646 kg ha-1 (8 to 31 %) under irrigated condition 

(Table 1). Under limited irrigation condition, yield reduction was 

recorded to the extent of 2841 to 2398 kgha-1 (9 to 23 %). 

In general, increase in maximum temperature from 1 to 3°C 
significantly reduced the wheat yield. The reduction in yield was 
mainly due to reduction in duration of anthesis and grain filling 
with rise in ambient temperature and vice versa. Similarly in case 
of gradual down scale of maximum temperature in the range of -1 
to -3 °C, totally reverse trend was observed. Similar trend was also 
noticed in case of increase and decrease in minimum temperature. 
The magnitude of effect of minimum temperature was quite less (-
14 to +19 %) than those due to maximum temperature (-31 to +26 
%). This showed that wheat yield was found to be highly sensitive 
to change in temperature under irrigated as well as under limited 
irrigation conditions. 
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Figure 2. Trends of Maximum Temperature During (a) 
Monsoon (b) Summer and (C) Winter Season at Anands 
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Figure 3. Trends of Minimum Temperature During (a) Monsoon 
(b) Summer and (C) Winter Season at Anand 

Para 
Meters 

Simulated Grain 
Yield (kgha-1) 

% Change in Yield  

MaxT 
(°C) 

Full 
Irrigation 

Limited 
Irrigation 

Full 
Irrigation 

Limited 
Irrigation 

3 2646 2398 -31 -23 
2 3091 2668 -19 -14 
1 3546 2841 -8 -9 
-1 4206 3190 10 3 
-2 4485 3358 17 8 
-3 4817 3641 26 17 

MinT (°C) 

3 3288 2874 -14 -8 
2 3460 2948 -10 -5 
1 3692 3039 -4 -2 
-1 4118 3140 7 1 
-2 4226 3195 10 3 
-3 4581 3234 19 4 

Solar radiation (MJ m-2day-1) 

3 5387 2454 40 -21 
2 5111 2709 33 -13 
1 4523 3085 18 -1 
-1 3156 2985 -18 -4 
-2 2503 2503 -35 -20 
-3 1903 1903 -50 -39 

CO2 concentration (Base value 330 ppm) 

440 4630 3695 21 19 
550 5687 4327 48 39 
660 6465 4876 68 57 

Table 1: Simulated Wheat Yield due to Varying Temperature, 
Solar Radiation and CO2 Concentration Under Irrigated and 
Limited Irrigation Conditions 

The increase in solar radiation from 1 to 3 MJm-2 day-1 resulted in 
increase in yield of wheat from 18 to 40 percent while reduction in 
solar radiation by –1 to –3 MJm-2 day-1 caused decrease in wheat 
yield to the tune of –18 to –50 per cent. However, under limited 
irrigation conditions the yield was found to decrease both under 
elevated as well as reduced solar radiation. This showed that under 
limited irrigation condition  the higher solar radiation receipt may 
have adverse effect through heating and thereby reduction in yield. 
It may be noted that under lower solar radiation regime, the yields 
under both conditions are same. The overall response of varying 
radiation to grain yield of wheat showed that the model was more 
sensitive to radiation than it was to temperature.  

The effects of elevated carbon dioxide on simulated grain yield of 
wheat showed that due to gradual increase in CO2 concentration 
from 440 to 660 ppm, the yield levels increased to the tune of 21 to 
68 per cent under irrigated condition. Under limited irrigated 
condition similar response were observed with slightly lower 
magnitude (19 to 57 %). This showed that under climate change 
scenario, CO2 enhancement proved beneficial for higher 
productivity. The increase in yield under increase in concentration 
in CO2, may be due to most plants growing in experimental 
environments with increased levels of atmospheric CO2, exhibit 
increased rates of net photosynthesis and reduced stomatal 
opening. Partial stomatal closure leads to reduced transpiration per 
unit leaf area and, combined with enhanced photosynthesis, often 
improves water-use efficiency.  

3.2.1.2 Combined effect of temperature and solar radiation: 
Under optimal condition, the effect of increase in temperatures was 
found to be nullified by similar increase in solar radiation (MJm-2 

day-1), as it is evident from the   effect on yield (+2 to -4 %), while 
decreasing temperature and radiation had negative effect (-3 to -25 
%) on grain yield (Table 2). 

Simulated Grain 
Yield (kgha-1) 

% Change in Yield Temper-
atures 

(°C) and 
SAR (MJ 
m-2day-1) 

Full 
Irrigation

Limited 
Irrigation 

Full 
Irrigation 

Limited 
Irrigation 

3 3670 2083 -4 -33 
2 3790 2486 -1 -20 
1 3917 2799 2 -10 
-1 3738 3292 -3 6 
-2 3453 3273 -10 5 
-3 2892 2892 -25 -7 

Table 2: Simulated Wheat Yield due to Combined Effect of 
Temperature and Solar Radiation Under Irrigated and Limited 
Irrigation Conditions 

This showed that the favourable effect of lower temperature was 

suppressed by negative effect of lower solar radiation regimes. 

Under limited irrigated condition, the decrease in yield up to 33 per 

cent was observed due to increase in both temperature and 

radiation by 3 units, while lowering of temperature and radiation 

had marginal effect (+6 to -7 %) on wheat yield. It can further be 

revealed that due to lowering of temperature and radiation by 3 
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units the wheat yields under fully irrigated condition was same as 

that of under limited irrigated condition. 

3.2.1.3 Combined effect of temperature, solar radiation and 
CO2 concentration: Model simulation was also carried out for 
combined effect of temperature, solar radiation and different levels 
of CO2 concentration (440, 550 and 660 ppm) under fully irrigated 
and under limited irrigated conditions (Table 3).  

The results revealed that at CO2 concentration of 440 ppm, the 
wheat yield was found to generally increase (-2 to 23 %) with 
either increase or decrease of temperature and radiation up to 3 
units under optimal condition. Under limited irrigated condition, 
however, the favourable effects were observed only under down 
scaling of the temperature and radiation regimes, the total effect 
being -23 to 26 per cent. At higher CO2 concentration of 550 ppm, 
the net effect on yield was favourable (23 to 51 %) irrespective of 
whether temperature and radiation increased or decreased under 
full irrigation condition, while under limited irrigation condition, 
the negative effect (-12 %) was observed at higher temperature and 
radiation (+ 3 units) regimes. Under doubling of CO2 concentration 
(660 ppm) scenario, increase in yield levels are quite high (42 to 70 
% under full irrigation condition and -3 to +75 % under limited 
irrigation condition) due to changes in both temperature and 
radiation by + 3 units. 

Simulated Grain 
Yield (kgha-1) 

% Change in 
yield 

Temperatures  
(°C) and SAR 
(MJ m-2day-1) 

and CO2 
Full 

Irrigation 
Limited 

Irrigation 
Full 

Irrigation
Limited 

Irrigation
440 ppm 

3 4369 2410 14 -23 
2 4699 2896 22 -7 
1 4726 3287 23 6 
-1 4550 3920 19 26 
-2 4255 3929 11 26 
-3 3776 3776 -2 21 

550 ppm 
3 5125 2730 34 -12 
2 5593 3307 46 6 
1 5778 3784 51 22 
-1 5452 4602 42 48 
-2 5161 4642 35 49 
-3 4707 4695 23 51 

660 ppm 
3 5781 3015 51 -3 
2 6332 3476 65 12 
1 6541 4226 70 36 
-1 6229 5201 62 67 
-2 5950 5262 55 69 
-3 5537 5439 44 75 

Table 3: Simulated Wheat Yield due to Interaction Effect of 
Temperature, Solar Radiation and CO2 Concentration  
Under Irrigated and Limited Irrigation Conditions 

The interaction effect of temperature, radiation and CO2 
concentration revealed that the response under irrigated condition 
was quite different than that under limited irrigated condition. 
Under fully irrigated condition the highest benefits are obtained at 

higher level of CO2 concentration combined with 1 unit increase in 
temperature and radiation. The percentage change in yield 
decreased both ways i.e. either increasing or decreasing the 
parameters from the mean values. The percentage change in yield 
under limited irrigation condition was found to have increasing 
trend with decreasing (+3 to -3 units) temperature and radiation at 
higher levels of CO2 concentration. 

3.2.2 Impact on maize yield: CERES-maize model was used to 
study the impact of climate change on maize production for two 
cultivars (Ganga Safed-2 and GM-3) commonly grown in the state. 

3.2.2.1 Effects of temperatures, solar radiation and CO2 
concentration: Results on effects of minimum and maximum 
temperatures, solar radiation and CO2 concentration on simulated 
grain yield of maize (Table 4) revealed that as the maximum 
temperature increases the yield decrease and vise versa. In case of 
increase or decrease of minimum temperature yield was found to 
increase, however, there is drastic decrease in yield if minimum 
temperature falls by more than 3 °C.  Thus the minimum and 
maximum temperature influences the maize crop differently. 
Higher solar radiation receipt was found to increase the yield of 
maize while lower radiation may have adverse effect. Higher CO2 
concentration was found to have favourable effect on maize yield. 
Doubling of CO2 may increase its yield by 8-9% (Table 4). 

Simulated Grain Yield  
(kgha-1) 

% Change in Yield  Param
eters 

Ganga 
Safed-2 

GM-3 Ganga 
Safed-2 

GM-3 

MaxT (°C) 
3 3518 3444 -4.3 -4.3 
2 3658 3499 -0.5 -2.8 
1 3717 3552 1.1 -1.3 
-1 3776 3697 2.7 2.8 
-2 3868 3708 5.3 3.1 
-3 3927 3773 6.9 4.9 

MinT (°C) 
3 3785 3615 3.0 0.5 
2 3856 3687 4.9 2.5 
1 3999 3631 8.8 0.9 
-1 3767 3688 2.5 2.5 
-2 3697 3620 0.6 0.6 
-3 3537 3418 -3.8 -5.0 

Solar radiation (MJ m-2day-1) 
3 3862 3778 5.1 5.0 
2 3794 3714 3.2 3.2 
1 3977 3892 8.2 8.2 
-1 3510 3373 -4.5 -6.3 
-2 3284 3217 -10.6 -10.6 
-3 3013 2954 -18.0 -17.9 

CO2 concentration (Base value 330 ppm) 
440 3781 3701 2.9 2.9 
550 3873 3790 5.4 5.3 
660 3993 3907 8.7 8.6 

Table 4: Effect of Maximum and Minimum Temperature, Solar 
Radiation and CO2 Concentration Maize Cultivars 
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3.2.2.2 Combined effect of temperature and radiation: The 
combined effect of minimum and maximum temperature revealed 
that if both temperatures are increased or decreased by more than 
1°C, maize yield was found to decrease (Table 5).  

Simulated Grain 
Yield (kgha-1) 

% Change in 
Yield 

MaxT and 
MinT (°C) 

Ganga 
Safed-2 

GM-3 Ganga 
Safed-2 

GM-3 

3 3528 3369 -4.0 -6.4 
2 3665 3587 -0.3 -0.3 
1 3677 3604 0.1 0.2 
-1 3798 3661 3.3 1.8 
-2 3529 3454 -4.0 -4.0 
-3 3351 3279 -8.8 -8.9 

Table 5: Combined Effect of Maximum and Minimum Tem-
perature for Maize Cultivars 

If the increase in temperature is accompanied by increase in solar 
radiation the favourable effect was noticed only up to 2 units of 
increment in the parameters. Otherwise the negative effect was 
observed either by increasing the parameters by more than 2 units 
or decreasing them (Table 6). 

Simulated Grain 
Yield (kgha-1) 

% Change from 
Base Yield 

MaxT and 
MinT (°C) 
and SAR 
(MJm-2d-1) 

Ganga 
Safed-2 

GM-3 Ganga 
Safed-2 

GM-3 

3 3630 3552 -1.2 -1.3 
2 3903 3725 6.2 3.5 
1 3908 3832 6.3 6.5 
-1 3600 3578 -2.0 -0.6 
-2 3420 3349 -6.9 -6.9 

Table 6: Combined Effect of Temperature and Solar Radiation 
Maize Cultivars 

CONCLUSION 

Gujarat being western-most state of India and having long seacoast 
has high variability in terms of biophysical parameters. Extreme 
arid climate to sub-humid climates are experienced in the state. The 

distribution of cropping systems is determined largely by the 
climatic gradient and distribution of soils. The temporal variability 
in rainfall indicated variable trend in different regions of the state. 
In middle Gujarat increasing trend is observed in rainfall as well as 
maximum and minimum temperatures during different seasons. 
Impact of climate change study revealed that increase in 
temperature significantly reduced the wheat yield while decrease in 
temperature increased the yield. The effect of maximum 
temperature on yield was more than that of minimum temperature. 
The higher radiation receipt and lower radiation receipt caused 
decrease in yield under optimal condition whereas, negative effect 
was seen under sub-optimal condition due to either increase or 
decreasing radiation. The combined effect of temperature and solar 
radiation were very marginal at the lower side of yield. More or 
less similar effects with less magnitude were observed for maize 
crop also. 
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ABSTRACT:  
 
Impact of climate change on crop duration grain and biomass yield were studied under different climate change scenarios using CERES-
Rice model under Rajendranagar climatic conditions.  Evaluated the impact of elevated temperature and carbon dioxide levels and reduced 
solar radiation (increased cloudiness) using 40 years of long term weather data of Rajendranagar using CERES-Rice model. The elevated 
temperature by 10C and 20C increased the number of days to attain anthesis and maturity, and decreased the grain yield by 7.3 and 13.7% 
under normal planting date respectively. Grain yield has increased when CO2 increased to 450ppm and 600 ppm. The reduced solar 
radiation did not show much influence on grain yield of rice.  
 
 

1. INTRODUCTION 

Global food systems are inherently linked to climate in a large 
number of complex ways.  The productivity of food crops is highly 
dependent on climatic conditions and other environmental factors 
linked to climate such as atmospheric composition.  There is a 
tradition in agriculture of coping with year to year changes in 
climate.  Climate change and its effects are therefore likely to 
impact on the production aspects of food security.  Climate change 
is likely to directly impact on food production across the globe.  
Increase in the mean seasonal temperature can reduce the duration 
of many crops and hence reduce final yield.  In areas where 
temperatures are already close to the physiological maxima for 
crops, warming will impact yields more immediately (IPCC, 
2007).  Drivers of climate change through alterations in 
atmospheric composition can also influence food production 
directly particularly by impacts on plant physiology.  Increasing 
concentration of CO2 in the atmosphere will enhance the 
productivity of all major food crops.  Many hundreds of crop 
experiments suggest that a doubling of CO2 from current levels 
would lead to increase in yield of approximately one third, on 
average as though recent studies in field conditions indicate that 
this may an over estimate (IPCC, 2007).  Further the state of 
Andhra Pradesh is frequently prone to cyclones during September 
to November which is characterized by cloudy weather for 3-5 
days causing reduction in availability of solar radiation during 
flowering and grain filling phase affecting the yield of rice crop. 
By considering the changes in climate, study was under taken to 
assess the impact of climate change on rice yield and biomass 
using CERES – Rice model. 

2. MATERIALS AND METHODS 

DSSAT V 4.0 (Jones et al, 2003, 2004) was used to assess the 
impact of climate change scenarios on yield of rice under 
Rajendranagar climatic conditions using 40 years of long term 
weather data.  Rice is predominately grown in the South Telangana 
Agroclimatic Zone in clay loam soils was calibrated and validated 
for CERES-Rice. The popular long duration (150 days) rice 
cultivar BPT 5204 was used in the study. To evaluate the impact of 
climate change, different climate change scenarios were identified 
– S1 – Normal climatic conditions, S2- increase in temperature by 
10C, S3-increase in temperature by 20C, S4- increase in level of CO2 

to 450 ppm, S5-increases in level of CO2 to 600 ppm, S6-
combination of S2+S4, S7-Combination of S2+S5, S8-Combination 
of S3+S4, S9-combinatoin of S3+S6. The elevated temperature and 
CO2 levels were considered throughout the growth period. Further 
the solar radiation was reduced to 1% (considering 99% 
cloudiness) for the period of 1 week from flowering to beginning of 
grain filling. Further to evaluate the impact of climate change the 
model was run for three different dates of planting i.e. D1-25 July, 
10 August and 25 August. The DSSAT V 4.0 software has 
‘SEASONAL’ software that allows analyzing the effects of impact 
of modified environment over multiple years of weather data. 

3. RESULTS AND DISCUSSION 

3.1 Effect on Duration of Crop  

The difference in the duration for attainment of anthesis and 
maturity simulated by CERES-Rice model under different climate 
change scenarios was presented in Table 1. The   results revealed 
that the anthesis was delayed by 4 and 7 days, when temperature 
was elevated to 10C and 20C, respectively, and there was no 
difference when CO2 levels were elevated to 450 and 600 ppm. 
The anthesis was delayed by 4 and 7 days even at the elevated 
temperature and CO2 when combinedly employed. The maturity 
was delayed by 7 and 12 days when temperatures were elevated to 
10C and 20C. Where as the elevated CO2 levels up to 450 and 600 
ppm caused one day reduction in maturity date when planting was 
done on 25 August. 

3.2 Effect on Grain Yield  

Simulated grain yield under different planting dates and climate 
change scenarios indicated that the cultivar BPT 5204 has the 
potential of 11.23 t/ha (Table 2). The potential yield decreased 
slightly when planting was delayed from 25 July to 25 Aug. The 
temperature elevation by 10C and 20C during crop season caused 
decline in grain yield by 7.3 and 13.7%, respectively when crop 
was planted on 25 July. However, elevated CO2 to 450 ppm and 
600 ppm enhanced the grain yield of rice to the extent of 31 and 
38.2%, respectively. Similar results of increased yield in many 
crops due to elevated co2 was reported in IPCC, 2007.  Similarly, 
the combined effects of elevated temperature and CO2 levels also 
caused improvement in grain yield of rice over normal weather 
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conditions. The yield levels did not differ largely due to delay in 
planting times over normal.  

3.3 Effect on Biomass 

The production of biomass showed the similar trend as that of grain 
yield under changed climate change scenarios and different 
planting dates (Table 3).  

3.4 Effect of Reduced Solar Radiation in Grain and Biomass 
Production 

The grain yield and biomass yield decreased with the reduced solar 
radiation during flowering to beginning of grain yield (Table 4).  
However, the decrease in biomass yield was more compared to 
grain yield. 

Anthesis (Days) Maturity (day) 
Climate Change Scenarios 10-Aug 25-Jul 10-Aug 10-Aug 25-Jul 10-Aug 

S1 – Normal  - - - - - - 
S2 - Increase in maximum and minimum 
temperature by 1oC 

4 3 3 7 7 8 

S3 - Increase in maximum and minimum 
temperature by 2oC 7 7 7 12 13 13 

S4 - Increase in CO2 level to 450 ppm 0 0 0 0 0 -1 

S5 - Increase in CO2 level to 600 ppm 0 0 0 0 0 -1 
S6 – S2+S4  4 3 3 6 7 7 
S7 – S3+S4 7 7 7 11 13 13 
S8 – S2+S5 4 4 3 6 7 7 
S9 – S3+S5 7 7 7 11 13 13 

Table1: Difference in Days in Anthesis and Maturity of rice (BPT 5204) Over Normal as Simulated Using CERES-Rice Model 
Under Different Climate Change Scenarios 

10-Aug 25-Jul 10-Aug 

Climate change scenarios 
Grain Yield 

(t/ha) %Dev 

Grain 
Yield 
(t/ha) %Dev 

Grain 
Yield (t/ha) %Dev 

S1 – Normal  11.23 - 11.14 - 11.12 - 
S2 - Increase in maximum and minimum 
temperature by 1oC 10.41 -7.3 10.32 -7.4 10.36 -6.8 
S3 - Increase in maximum and minimum 
temperature by 2oC 9.69 -13.7 9.66 -13.3 9.7 -12.8 
S4 - Increase in CO2 level to 450 ppm 14.71 31.0 14.62 31.2 14.69 32.1 

S5 - Increase in CO2 level to 600 ppm 15.51 38.1 15.41 38.3 15.48 39.2 
S6 – S2+S4  13.7 22.0 13.55 21.6 13.69 23.1 
S7 – S3+S4 12.79 13.9 12.7 14.0 12.76 14.7 
S8 – S2+S5 14.44 28.6 14.29 28.3 14.43 29.8 
S9 – S3+S5 13.24 17.9 13.39 20.2 13.45 21.0 

Table 2: Grain Yield of Rice (BPT 5204) Under Different Climate Change Simulated Using CERES-Rice 

10-Aug 25-Jul 10-Aug 

Climate Change Scenarios 
Grain Yield 

(t/ha) %Dev 
Grain Yield 

(t/ha) %Dev 
Grain Yield 

(t/ha) %Dev 
S1 – Normal  21.3 - 21.17 - 22.21 -
S2 - Increase in maximum and minimum 
temperature by 1oC 19.5 -8.5 19.81 -6.4 20.37 -8.3
S3 - Increase in maximum and minimum 
temperature by 2oC 17.8 -16.4 18.04 -14.8 18.47 -16.8
S4 - Increase in CO2 level to 450 ppm 28.09 31.9 28.64 35.3 29.41 32.4

S5 - Increase in CO2 level to 600 ppm 29.65 39.2 30.21 42.7 31.04 39.8
S6 – S2+S4  25.78 21.0 26.19 23.7 27.01 21.6
S7 – S3+S4 23.57 10.7 23.88 12.8 24.49 10.3
S8 – S2+S5 27.23 27.8 27.66 30.7 28.51 28.4
S9 – S3+S5 24.88 16.8 25.2 19.0 25.86 16.4

Table 3: Biomass of Rice (BPT 5204) Under Different Climate Change Scenarios Simulated using CERES-Rice Model 
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Grain Yield (t/ha) Biomass (t/ha) Date of 
Planting Normal Reduced 

Radiation 
%Dev Normal Reduced 

Radiation 
%Dev 

25-Jul 11.23 11.00 -2.09 21.3 19.77 -7.74
10-Aug 11.14 10.95 -1.74 21.17 20.11 -5.27
25-Aug 11.12 10.97 -1.37 22.21 20.42 -8.77

Table 4: Effect of Reduced Solar Radiation on Simulated Yield and Biomass of rice (BPT 5204) from Flowering to Beginning of 
Grain Filling  

CONCLUSION 
 
From this study, it can be concluded that, with the increase in 
temperature by 1 and 20c the duration of rice crop, grain and 
biomass yield decreased while increase in grain and biomass yield 
was observed with increase in co2 concentrations to 450 and 600 
PPM. 
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ABSTRACT: 

Long series of climatological data for 140 years over Kerala in the humid tropics of India indicate cyclic pattern in rainfall with a declining 
trend in annual and southwest monsoon rainfall during the past 60 years. In contrast, there was an increasing trend in post monsoon rainfall, 
indicating likely shifts in rainfall patterns. Onset of monsoon over Kerala, the Gateway of monsoon, appears to be little early. If the onset 
of monsoon is early that is on or before 25th May, the monsoon rainfall is below normal or normal over Kerala. Rise in maximum and 
minimum temperatures was also noticed since last 49 years over Kerala. The day maxima increase was 0.64° C while the night minimum 
0.23°C. Increase in mean annual surface air temperature over Kerala was 0.44°C. Such warming was noticed in the entire West Coast. The 
difference in maximum and minimum temperatures (temperature range) was widening where thermo-sensitive crops like cardamom, tea, 
black pepper and cocoa are grown along the high ranges. These changes in thermal and moisture regimes have resulted in climate shifts 
from B4-B3 to B2-B1, moving Kerala from wetness to dryness within the humid climates. The impact of climate change in the form of 
climate variability like floods and droughts adversely affected food and plantation crops to a large extent and thus there is an urgent need to 
adapt crop management, crop improvement and crop protection strategies in tune with projected climate change scenarios so as to mitigate 
the ill effects of weather aberrations and sustain agricultural production in ensuing decades. 
 
 

1. INTRODUCTION 

Climate change is real. Polar ice is melting. Rise in temperature 
and sea level are likely. Global temperature rise is likely to be 1.5 - 
5.5° C under varied Co2 levels. The projected atmospheric Co2 
will be around 550 ppm by 2100 A.D. if carbon cuts are not 
implemented on war footing by various political Governments. 
Uncertainties in rainfall patterns are expected. Crop seasons in 
temperate and tropical regions are likely to shorten. Land and 
ocean biodiversity are likely to be under threat. Underdeveloped 
and developing countries suffer much more under projected climate 
change scenario. 

Agricultural land is declining year after year across the country and 
Indian foodgrains production is stagnated mostly due to weather 
aberrations. Increase in temperature is likely to be around 3°C by 
2100 A.D. in India. 1972, 1979, 1987, 2002 and 2009 were the 
severe drought years during which the kharif foodgrains production 
was adversely affected to a considerable extent. Crop simulation 
models indicate that area under rice and wheat across the Country 
is likely to decline in ensuing decades and total foodgrains 
production is under threat as a result of increase in temperature and 
rainfall uncertainties. Changes in temperature and rainfall will lead 
to frequent occurrence of floods and droughts and heat and cold 
waves. Rise in current food prices, as a result of increase in global 
prices, inadequate monsoon and severe droughts in addition to 
increase in support prices, is a crisis at present. Therefore, it is high 
time to project climate change at the site/local/region level and its 
impact on crops as the agriculture is the main sector which suffers 
to a great extent and the Indian economy is agrarian based. Such 
studies in the humid 

tropics of India are of more relevant where plantation crops are 
predominant though rice is a staple food. Unlike in seasonal crops, 
the impact of weather aberrations will be having long standing ill 
effects as the crops are perennial in nature and as a result the State's 
economy is adversely affected. Hence an attempt is made to 
understand the impact of climate change or climate variability on 
major crops of Kerala based on long series of climatological data 
on temperature and rainfall. 

2. MATERIAL AND METHODS 

Rainfall data for the IMD stations of the State of Kerala for the 
period from 1871 to 2008 were utilized for the study. Temperature 
data for seven IMD stations were collected from National Data 
Centre of IMD, Pune from 1956 to 2004. The past climatological 
data for 33 selected stations in Kerala have also been collected over 
a period of 104 years (1901 to 2004). Three stations having dataset 
for 89 years (1916 to 2004), 59 years (1946-2004) and 55years 
(1951 – 2004) were also selected for the study. Temperature data 
from three KAU stations (Pattambi -1950-2008), Pampadumpara 
(1978-2005) and Ambalavayal (1984-2005) were also utilized. 
Trend analysis was carried out to find out long period changes in 
temperature and rainfall. Climate shifts were also worked out using 
the moisture index. The moisture index is a ratio between water 
surplus and water need and expressed in percentage, was worked 
out using the standard book-keeping water balance procedure as 
suggested by Subrahmanyam (1982). Simultaneously, area under 
major crops was also collected to understand the shifts in cropping 
systems in relation to climate change or climate variability over 
Kerala. 
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3. RESULTS AND DISCUSSION 

The average annual maximum temperature varies from 30.4 °C at 
Trivandrum to 32.9° C at Punalur. Second high maximum 
temperature (32.4°C) was noticed at Palakkad in Kerala. On an 
average, the annual maximum temperature varied between 28.8°C 
during southwest monsoon while 32.8°C during summer (Table 1). 
Occasionally, the day maxima crosses beyond 40° C over the 
Palakkad region in plains as noticed during summer 2004. The ever 
highest maximum temperature of 41o C was recorded on April 26, 
1950 at Palakkad. 

Maximum Temperature (°C) Station 
SWM PM Winter Summer Annual

Trivandrum  29.6 29.6 30.8 31.9 30.4 

Punalur 30.8 31.9 34.0 35.2 32.9 

Alappuzha 30.0 30.2 32.2 32.9 31.2 

Kottayam 30.8 31.0 32.8 33.8 31.9 

Cochin 29.5 30.8 31.7 32.4 31.0 

Palakkad 30.2 30.7 33.4 35.9 32.4 

Kozhikode 28.9 30.8 31.6 32.7 30.8 

Pattambi 29.7 31.7 33.8 35.2 32.4 
Ambalavayal 25.1 26.4 28.0 30.1 27.3 

Pampadumpara 23.3 24.3 24.6 28.3 24.9 

Average 28.8 29.7 31.3 32.8 30.5 

 Minimum temperature (°C) 

Trivandrum  23.6 23.4 22.7 25.0 23.7 

Punalur 22.7 22.1 20.7 23.3 22.3 

Alappuzha 23.7 23.9 23.0 25.4 24.0 

Kottayam 22.9 23.1 22.5 23.9 23.1 

Cochin 23.9 23.9 23.1 25.5 24.1 

Palakkad 22.9 23.0 22.2 24.7 23.2 

Kozhikode 23.7 23.7 22.5 25.5 23.8 

Pattambi 22.8 22.4 20.8 24.0 22.5 

Ambalavayal 18.2 17.8 17.8 19.0 17.3 

Pampadumpara 17.7 17.5 15.7 18.7 17.4 

Average 22.2 22.1 21.1 23.5 22.1 

Table 1. Season-wise Surface Air Temperature (°C) at Different 
Locations Over Kerala 

In the case of minimum temperature, it varies between 22 and 24° 
C across Kerala in plains and the mid-land regions. Across the 
highranges, where thermo-sensitive crops like cardamom, coffee, 
tea, black pepper and cocoa are grown, the annual maximum 
temperature revolves around 24-28°C while the night temperature 
around 17°C. The minimum temperature during winter varies 
between 15 and 18° C across the highranges while summer 
maximum temperature between 35 and 37°C in plains There was 
an increase in maximum temperature over Kerala by 0.64° C 
during the period of 49 years, commencing from 1956 to 2004 
while increase in minimum temperature was 0.23° C. Overall 
increase in annual average temperature was 0.44° C. A clear 
upward trend was noticed in surface air temperature in Kerala 
(Figure. 1). The warmest (28.3°C) year over Kerala was in 1987, 

followed by 1983 (28.2°C). The highest annual maximum 
temperature over Kerala was recorded in 1987 (32.8°C) followed 
by 1983 (32.4°C) while lowest minimum temperature was recorded 
in 1974 (22.8°C) followed by 1968 (22.9°C). 

 

Figure 1. Trend in Maximum, Minimum and Mean Surface Air 
Temperatures Over Kerala 

Similar trend was noticed in the case of annual maximum 
temperature at Trivandrum, Kottayam, Punalur, Pampadumpara, 
Kochi, Alapuzha, Palakkad, Kozhikode, Ambalavayal and Kannur. 
Such trend was noticed not only in annual maximum temperature 
but also during all the seasons viz., southwest monsoon, post 
monsoon, winter and summer. Interestingly, the maximum 
temperature during winter at Palakkad was marginally in 
decreasing trend. Such trend was noticed in post monsoon season 
and summer at Ambalavayal also. In the case of minimum 
temperature, Trivandrum and Pampadumpara showed decreasing 
trend though overall increase was noticed across the State. The 
study revealed that the difference in maximum and minimum 
temperatures (temperature range) was increasing at some locations 
as the day maxima was increasing while decreasing night 
minimum temperature. It was more so where cardamom, tea and 
black pepper are commonly grown across the high ranges of Kerala 
in addition to warming Kerala as a whole. This trend was similar 
across the West Coast too, where warming is taking place. 

The onset of monsoon over Kerala, the Gateway of monsoon, 
appeared to be little early with an average commencement of 1st 
June with plus or minus 7 days. The monsoon rainfall is likely to 
be below normal or normal if the monsoon set is on or before 25th 
May. It was tested in 2001, 2004, 2006 and 2009 and found 
correct. Such trend was not seen if the monsoon is delayed that is 
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on or after 8th June. In the case of rice, suitable varieties and crop 
calendars can be suggested during kharif under varied monsoon 
patterns through crop simulation models. Such studies are the need 
of the hour to enhance rice yields under monsoon rainfall 
uncertainties. 

Long series of climatological data for 140 years over Kerala in the 
humid tropics of India indicate cyclic trend in annual rainfall with a 
declining trend in annual and southwest monsoon rainfall during 
the past 60 years. In contrast, there was an increasing trend in post 
monsoon rainfall, indicating likely shifts in rainfall patterns 
(Figure. 2). Though decreasing trend was noticed over Kerala as a 
whole, Haripad and Kasaragod showed increasing trend in annual 
and southwest monsoon rainfall. Similarly, Quilandi, Munnar, 
Hosdurg and Ponnani also showed increasing trend in annual 
rainfall. Unlike in temperature trends, rainfall trends are uncertain 
at several locations (Kumar et al 2002; Krishnakumar et al., 2008 
&2009; Rao et al., 2008). Hence, there is a need to take up these 
studies location wise. Long term changes in thermal and moisture 
regimes have resulted in climate shifts over Kerala from B4-B3 to 
B2-B1, moving from wetness to dryness within the humid type of 
climate. It was significant since last three decades. 

 

Figure 2. Trends in Rainfall Over Kerala from 1871 to 2008 

A clear shift was noticed from foodgrain crops to non-foodgrain 
crops in Kerala over a period of time due to various reasons. 

Increase in area under coconut, arecanut, banana, black pepper and 
rubber was noticed at the cost of phenomenal decline in rice area. It 
resulted in wide difference between production and demand of rice 
in addition to frequent floods in monsoon season and droughts 
during summer season. The prolonged wet spell in kharif 2007 and 
unusual rains in 2008 devastated the paddy production to a large 
extent (Figure. 3). 

 

Figure 3. Trend in area and production of paddy over Kerala 
from 1952-53 to 2007-08 

Though Kerala stood first in cashew production a decade ago, at 
present it occupies only fourth position and likely to go down 
further. It was due to steady decline in cashew area and also 
occurrence of weather aberrations during the reproductive phase of 
cashew. Area under tea was also declining along the high ranges. 
Crop projection models outside India indicate that a rise of 2° C in 
temperature is likely to affect the area under tea and coffee 
adversely. Aberrations in blossom and backing showers adversely 
affect coffee production to a great extent. Lack of backing showers 
during summer 2009 over Wayanad district is likely to reduce 
considerably crop output in coffee. Almost all the plantation crops 
suffered to a great extent in 1983 and 2004 due to disastrous 
summer droughts. Increase in maximum temperature of 1-3° C 
during summer 2004 adversely affected thermo-sensitive crops like 
black pepper and cocoa (Rao et al.,2008). Deforestation and 
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decline in wetlands along with the high intensity of rainfall may 
lead to frequent occurrence of floods and droughts and their ill 
effects on all the crops will be manifested much more in addition to 
human and property losses. Therefore, it is high time to have 
climate change adaptation strategies to mitigate ill effects of 
weather aberrations and sustain crop production under projected 
climate change scenario. Special attention is to be given in this 
direction to the thermo-sensitive crops like black pepper, 
cardamom, tea, coffee and cocoa as temperature range (the 
difference between maximum and minimum temperatures) is likely 
to increase and rainfall is likely to decline along with deforestation 
as these crops grow under the influence of typical forest-agro-
ecosystems. 
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ABSTRACT: 
 
The study examines the impact of climate change in recent years on apple shift to higher altitude in Himachal Pradesh based on climate 
information and farmers perceptions. It is evident that temperature in apple growing regions of Himachal Pradesh showed increasing trends 
whereas precipitation showed decreasing trends in the regions. The chill units calculated showed decreasing trends of chill units upto 2400 
msl from Bajaura in Kullu at 1221 msl to Sarbo in Kinnaur at 2400msl. The Dhundi station situated at 2700 msl showed increasing trend of 
chill unit at the rate of 25.0 CUs per year. The increasing trends of chill unit at 2700 msl suggested that area is becoming suitable for apple 
cultivation in higher altitude. These findings have also been supported by the farmers’ perceptions which clearly reflected that apple 
cultivation is expanding to higher altitude in Lahaul & Spitti. The average landuse per farm in Lahual and Spitti showed more than two 
percent shift towards apple cultivation but it showed reverse trend in other apple growing regions. The income of the farmers increased 
more than 10 percent in Lahual & Spitti whereas it showed a decrease of more than 27 percent in Kullu and Shimla districts from fruits in 
recent decade compared to 1995. The secondary data on area under apple cultivation also compounded statement that apple cultivation is 
expanding in Lahaul & Spitti in recent decade. The climate change has demonstrated its impact of decreasing productivity of apple crop in 
recent years. 
 
 

1. INTRODUCTION 

Apple is a predominant fruit crop of Himachal Pradesh and in 
recent years it has emerged as the leading cash crop amongst fruit 
crops. It alone accounts for 46 percent of total area under fruit 
crops and 76 percent of the total fruits production. The area under 
apple has increased from 400 hectares in 1950-51 to 88,560 
hectares on 2005-06 (Anonymous, 2006). The crop alone 
contributes more than 987 crore towards the gross domestic 
product. The production level has gradually touched to 540.30mt 
with 5.6t productivity in 2006 (Anonymous, 2006a). The chilling 
hour’s requirement for apple standard variety is 800-1100 (Byrne 
and Bacon, 1992). The amount of cold needed by a plant to resume 
normal spring growth following the winter period is commonly 
referred to as its "chilling requirement." The daily temperatures of 
70°F and higher for 4 or more hours received by the plant during 
the previous 24 to 36 hours can actually negate chilling. Apple and 
stone fruit trees develop their vegetative and fruiting buds in the 
summer and as winter approaches; the already developed buds go 
dormant in response to both shorter day lengths and cooler 
temperatures. These buds remain dormant until they have 
accumulated sufficient chilling units (CU) of cold weather. When 
enough chilling units accumulate, the buds are ready to grow in 
response to warm temperatures. As long as there have been enough 
CUs the flower and leaf buds develop normally. If the buds do not 
receive sufficient chilling temperatures during winter to completely 
release dormancy, trees will develop one or more of the 
physiological symptoms associated with insufficient chilling: 1) 
delayed foliation, 2) reduced fruit set and increased buttoning and 

3) reduced fruit quality. These physiological symptoms 
consequently affect the yield and quality of the fruit. 

The production of apple has gradually increased but the 
productivity has fallen from 10.8 to 5.8 t/ha (Awasthi et al., 2001). 
The reasons attributed to it are climate variability, soil, crop 
improvement etc. Among all the productivity reducing factors, 
climate is difficult to manage. The changes in climate in the form 
of erratic precipitation, increase in temperature, lesser days serving 
as the chilling period have started affecting the mountain 
agricultural production systems and ultimately the food security of 
the people. The objective of this study is to examine change in 
climatic parameters especially chilling units and farmers 
perceptions in Himachal Pradesh over time and its associated 
changes in apple productivity. 

2. MATERIALS AND METHODS 

2.1 Study Sites 

Three study sites in three apple growing districts viz. Kullu, Shimla 
and Lahual and Spiti representing different elevation were selected 
to examine the perceptions of farmers for climate change and to 
relate the chill units with apple cultivations in the face of climate 
change. The study site of Kullu district represents 1200-2500m 
above mean sea level. This elevation zone represents 16.04% of the 
total geographical area of Himachal Pradesh. The region represents 
mid hill to high hills and receives snowfall in high hills during 
winter months. The ambient temperature ranges between 7.9°C and 
25.6°C. The elevation above 2200-3250m amsl was represented by 
the second study site of district Shimla. This elevation zone 
represents 8.8 % of the total geographical area of the state. The area 
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is having mid hills to high hills. Mean annual temperature of the 
region is 15.4 °C. The study site of Lahual & Spitti, represent the 
northern part of the state, embody Lahaul & Spiti, part of Chamba, 
part of Kullu, Shimla and Kinnuar district. The annual mean 
temperature of this region is below 14°C. 

2.2 Socioeconomic Survey 

The socioeconomic surveys were conducted in Kullu, Shimla and 
Lahual & Spitti regions of Himachal Pradesh to examine how 
apple farmers in Himachal Pradesh perceive climatic change. 
Weather data from 1986-2004 was used to measure the accuracy of 
perceptions of the farmers. Perception of climate change is 
structured for three valleys (Kullu, Lahual&Spitti and Shimla) with 
multistage stratified sampling technique by knowledge of crop 
climate interaction and by differential apple performance outcomes 
associated with the changed conditions. Local perception of the 
climate variables to apple production were noticed from forty 
farmers from each region (19 marginal, 16 small and 5 large 
farmers from Kullu, whereas, 4 marginal, 9 small and 27 large 
from Shimla and 9 small, 18 marginal and 13 large in Lahual & 
Spitti) to know farmers perceptions regarding climate change and 
its impact on apple cultivation. Perceptions were made on basis of 
gathering data of two periods (1995 and 2005 years) of snowfall, 
temperature and rainfall. 

2.3 Climatic Elements Trends 

The climatic elements trends for Kullu valley and Theog region 
were worked out using the standard procedure from the past 13 to 
23 years weather database. The snow fall trends in past two 
decades were also calculated for 21 sites representing different 
elevations ranging from 1500 to 4000 msl exclusively located in 
Satluj basins of Himachal Pradesh. 

2.4 Chill Unit Calculation Models 

The Cumulative chill units’ requirements of apple for Kullu 
(Bajaura) and Shimla (CPRI-Shimla) regions were calculated by 
using Ashcroft et al (1997) method and Utah model (Byrne and 
Bacon, 1992). The Ashcroft model uses only average temperature 
of coldest months, whereas, the Utah model uses daily maximum 
and minimum temperature. Utah model also introduces the concept 
of relative chilling effectiveness and negative chilling accumulation 
(or chilling negation) as follows: 

 1 hour below 34oF = 0.0 chill unit, 

 1 hour 35-36oF = 0.5 chill units 

 1 hour 37-48oF = 1.0 chill units, 

 1 hour 49-54oF = 0.5 chill units 

 1 hour 55-60oF = 0.0 chill units, 

 1 hour 61-65oF =-0.5 chill units 

 1 hour >65oF =-1.0 chill units 

2.5 Recent Apple Productivity and Area Trends in Hi-
machal Pradesh 

The apple productivity trends for past two decades of apple 
growing areas and total productivity of Himachal Pradesh were 
also analyzed. The trends of area under apple were also worked out 
for different region to examine the areas expansion under apple 
crop in different elevations. 

3. RESULTS AND DISCUSSION 

The socio-economic survey was conducted in Kullu, Shimla and 
Lahual and Spitti districts of Himachal Pradesh and summarized 
perceptions of the farmers (Table 1). Hundred percent farmers of 
Kullu and Shimla districts of Himachal Pradesh perceived a 
definite reduction in snowfall overtime during winter season. 
Reduction in the intensity of snowfall and changes in timing of 
snowfall are thought to be two important ways as to oscillate 
snowfall events. Farmers reported that the onset of early snow in 
December and January has occurred more infrequently over time 
and the period of snowfall now extended through the months of 
February and March. 

(Percent Multiple Response) 

Particulars Theog 
Region 

Bajaura 
Valley 

Lahaul & 
Spitti 

Increasing temp. during 
summer 

80 85 - 

Prolonged summer season 48 66 - 

Short summer season 8 10 - 

Delayed in the onset of rainy 
season 

80 85 - 

Uneven distribution of 
rainfall 

96 88 - 

Insufficient rainfall during 
rainy season 

72 77 - 

Delay in the outset of winter 
season 

48 68 60 

Very low temp. in winter 
season 

12 - 80 

Short winter period 88 94 80 
Temp. above normal during 
winter 

88 92 15 

Reducing snowfall in winter 100 100 88 
High humid weather 36 40 22 

Increasing foggy days in 
winter 

52 16 - 

Increasing cloudy days in 
winter 

18 16 28 

Unpredictable rainfall 52 76 - 
Threat of floods 50 88 88 
High velocity winds - - - 

Mud slides - - 20 
High intensity of rainfall - 20 - 

Table 1: Farmers Perceptions Regarding Climate Change 

There is a perception that the temperature distribution has 
undergone a significant shift in addition to an overall increase in 
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temperature. 85 percent farmers of Kullu and 80 percent farmers of 
Shimla noticed an increase in temperatures. The hottest period of 
the year is no longer, but has shifted ahead. 88 percent farmers of 
Kullu and 96 percent farmers of Shimla valley reported uneven and 
insufficient distribution of rainfall during rainy season. 

The other signs of climate change which were reported by the 
farmers were short summer season, humid weather, increasing 
foggy days in the winter and unpredictable rainfall. The perception 
of a reduced intensity of snowfall leads to the perception of a 
changed climatic pattern on the whole. According to farmers, late 
snowfall in February and March occurs mostly as a mixture of sleet 
and rain, resulting in lower temperatures and the rain, resulting in 
lower temperatures and thereby a late onset of spring. The farmers 
also opinioned that winter period has shortened and there is delay 
in onset of winter season. Number of chilling hours and thereby the 
time of bud break depends upon the amount of snow. For normal 
pollination and fruit bearing conditions for an apple crop a snow 
level of 2.5 to 3 ft seems to represent. Early snow is regarded as 
durable, long lasting and full of nitrogen, late snow on the other 
hand, is described as watery, transitory and understood to adversely 
impact pollination and apple fruit bearing. 

The socioeconomic survey conducted in three regions concludes 
that land use pattern in all farmers including small, marginal and 
large farmers has shifted to orchard cultivation to nearly 2.4 
percent in Lahual and Spitti in recent decade compared to 1995 
whereas the land use per farmer under orchard decreased in Kullu 
and Shimla (Table 2). In Kullu and Shimla (1500-2200m) there is 
remarkable increase in the area under off-season vegetable 
cultivation. The survey also revealed that average areas per farmers 
under apple increased by 0.60 hectare in Lahual and Spitti whereas 
Kullu and Shimla showed decrease in areas under apple cultivation. 
The table 2 reflects that income of the farmers from fruits increased 
by more than 10 percent in Lahual & Spitti in recent decade 
compared to 1995 whereas for the same period in other apple 
growing regions it showed sizeable decrease of 27 to 30 percent in 
recent decade. The off season vegetables have shared more than 84 
per cent of the area under field crops in Theog Region (Above 
2000m). 

(Socio-economic survey of the regions) 

District All farmers (Small, Marginal, and 
large) 

 1995 2005 

Land use pattern (Orchard) 
Lahual & Spitti 1.93 4.34 
Kullu 27.0 21.0 
Shimla 22.8 21.7 

Apple area(ha) 
Lahual & Spitti 0.48 1.09 
Kullu 0.55 0.45 
Shimla 0.62 0.60 

Income from fruits (Percent) 
Lahual & Spitti 17.2 29.1 
Kullu 69.9 39.6 
Shimla 59.3 32.8 

Table: 2 Change in Land use Pattern, Apple Area and Income from 
Fruits per Farmer in Apple Growing Regions of H.P. 
 

3.1 Climatic Elements Trends in Apple Growing Region 

3.1.1 Kullu Valley: The study site is located in Kullu district 
representing 1200-2500 m above mean sea level. This elevation 
zone represents 16.04% of the total geographical area of Himachal 
Pradesh. The geography of the region represents mid hill to high 
hills in the region. The regions also receive snowfall in high hills 
during winter months and serve as a great source of fresh water in 
Beas Basin of Himachal Pradesh. The climate of the region is by 
and large sub-temperate in lower hills to temperate in high hills. 
The ambient temperature ranges between 7.9°C to 25.6°C around 
the years. Temperature during rabi season hovers around 12.7°C 
whereas during kharif season average mean temperature remain 
below 23.0°C. Mean annual temperature remains 17.0°C in the 
region. The met station is located at 31°50’ N latitude and 77°10’ E 
longitude. The average mean annual rainfall is 1095 mm. Parts of 
this region are known as the bowls of off season vegetable of 
Himachal Pradesh; apple crop dominates in the higher hills.The 
climate change is apparent in this region due to a perceptible shift 
of apple cultivation to higher hills. Mean annual temperature in 
Kullu Valley showed an increase of 4.1°Cin last two decdes. 
During rabi season temperature showed increase nearly 5.5°C 
whereas kharif season showed decrease in temperature to the tune 
of 1.7°C. Among months, June to September, temperature showed 
decreasing trends. Rainfall in the region showed exceptional 
decrease of 270mm. Rabi/winter season showed decreasing trend 
of rainfall @ 18mm whereas kharif season showed increasing 
trends. Evaporation showed decreasing trends @ 14.5mm annually 
during rabi and 8.6mm kharif. However, the decrease was more 
during kharif season. Rainfall at Katrain at higher elevation showed 
increasing trend @ 2.5mm per year in past four decades. Socio-
economic transformations have also taken place in this region in a 
big way, as the area is fast developing as a tourist hub of Himachal 
Pradesh. 

The mean annual temperature showed an increase by 1.1°C in the 
region based on past two decade weather data. During rabi seasons 
temperature increased by 2.4°C whereas kharif season showed 
decrease in temperature to the tune of 0.9°C. Precipitation in the 
region also showed unprecedented decrease of 14.5mm annually. 
Rabi/winter season showed decreasing trend of precipitation @ 
18mm whereas kharif season showed increasing trends. 
Evaporation also observed to be decreased @ 14.5mm annually 
during rabi and kharif. Decrease was more during kharif season. 

3.1.2 Theog region: This study site is located in the district Shimla 
and represents elevation above 2200-3250m amsl. The area is 
having mid hills to high hills. The region is dominated by 
horticultural crops viz. Apple, Pear and other temperate fruits. This 
elevation zone represents 8.8 % of the total geographical area of 
the state. It is located at southeastern part of the state. Agricultural 
crops, mostly off-season vegetables provide livelihood to majority 
of the farmers of the region. 

The meteorological observatory in the region is located at 31°10’ N 
latitude and 77°25’ E longitude. The average annual rainfall of the 
region varies between 1100 mm to 1533 mm annual from South to 
North. Major part of the annual rainfall is received during South-
western monsoon season. However winter rains are important for 
successful bearing of apple in the region. The average mean 
temperature of the region touches minimum of 7.7°C during 
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January whereas maximum temperature goes up to 20.7°C during 
June month. Mean annual temperature of the region is 15.4 °C. 
December to February month is cooler and temperature starts rising 
during March.In the Theog valley showed more increase in rainfall 
in rabi season than kharif season. Mean temperature showed 
increase of 1.8°C annually. The increase of the order of 2.4°C was 
observed during rabi season whereas it was 1.2°C in kharif season. 
June month alone showed decrease in temperature. Rainfall 
showed decreasing trend during rabi season and increasing trends 
by 5.1mm during kharif season. Rainfall during September to 
February decreased unprecedented. 

3.1.3 Lahual & spitti: The northern part of the state, which 
constitute Lahaul & Spiti, part of Chamba, part of Kullu, Shimla 
and Kinnuar district experience annual mean temperature below 
14°C. Winter season starts from November and temperature starts 
decreasing until minima are obtained in January. Temperature 
again starts rising during the month of February and May and June 
are the hottest months. 

3.2 Cumulative Chilling units 

The data on cumulative chill units of coldest months showed 
decline of more than 9.1 units per year in last 23 years of period. 
The reduction was more during November and February months. 
Average 11.9 chill units per year were decreased at Bajaura during 
November to February months (Table 3). 

Month Kullu Shimla 
 Equations Slope Equations Slope 

November Y=-14.35+788.7 -14.35 Y=-3.55+585.0 -3.55

December Y=-9.10+1034.1 -9.10 Y=-
15.03+932.74 

-15.03

January Y=-
10.85+1159.3 

-10.85 Y=-
17.94=1164.3 

-17.94

February Y=-
13.28+1043.5 

-13.85 Y=-
14.96+1085.6 

-14.96

Table 3: Cumulative Chill Units’ Trends (Mean Monthly Model) 
Equations for Different Winter Months at Kullu and Shimla 

The Utah model showed decrease of more than 6.4 chill units 
(Fig.1) every year due to increase in surface air temperature at 
Kullu. The decrease of chill units during November to February 
ranged between -3.5 to -17.9 per year in Shimla. The magnitude 
was more during December to February due to late onset of snow 
in the region. Vedwan and Robert (2001) also reported that the lack 
of early cold in December and January adversely affect the chilling 
requirements, which range from 700 to 1200 hours per year. The 
late cold during April can delay the blossoming and reduce the 
pollination activity of bees. The snowfall recorded at 21 sites (Fig. 
2) showed that snowfall is decreasing every year for last two 
decades. The decrease was more in recent decades. The snowfall 
trends in two recent decades over different sites representing 
elevations ranging from 2000 to 4000 msl showed a decrease of 
36.8mm annually last 22 years averaged 21 sites. The decline in 

snowfall is one of the major regions in reduction of chill units in 
apple growing region. 

Monthly snowfall analysis indicated a sharp decrease of snowfall 
over past 22 years from 21 observation sites during September to 
December, which are important for temperate crops. The snowfall 
showed increasing trends during January (27mm per year) and 
February (23mm), which revealed delay of snowfall (Fig 3). 
During winter months i.e. March to May showed decreasing trends 
of snowfall in H.P. The analysis clearly indicated that snowfall in 
past two decades decreased due to increase in temperature/change 
in climate as evident from the temperature analysis of apple 
growing regions. 

Cummulative Chill units trends (Utah Model) at 
Bajaura in Kullu valley

y = -6.4602x + 1261.5

0
200
400
600
800

1000
1200
1400
1600

19
86

19
88

19
90

19
92

19
94

19
97

19
99

20
01

20
03

Cummulative  Chill units

Ye
ar

s

 

Figure 1. Cumulative Chill Units Trends (Utah Model) in Kullu 
Valley 

 

Figure 2. Snowfall trends in Himachal Pradesh 

The delay of snowfall occurrence and early withdraw of snowfall 
occurrence reflected in decrease in apple tiled over past two 
decades. Such trends in snowfall occurrence in high altitude areas 
increased the opportunity of growing more crops during March to 
October. The decrease in snowfall during early winter season and 
early withdrawal of seasonal snowfall contributes towards the less 
cumulative chill units for apple 

Jindal et al. (2001) reported that winter temperatures and 
precipitation especially in the form of snow are very crucial for 
induction of dormancy, bud break and ensuring flowering in 
apples. They further reported that apple requires 1200-1500 hours 
of chill depending upon the variety. The chilling below 1000 
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results in the poor fruit set which consequently lead to poor yield of 
the crop. The period of November to February is important for 
chilling hours. However, November to January is more beneficial 
than February. Jindal and Mankotia (2004) reported that at least 
1200 chilling hours are required for sparking delicious apple for 
proper bud and flowering in Mashobra conditions of Himachal 
Pradesh. The apple size and quality mainly dependent upon the 
summer climatic conditions as it influences the fruit development 
during April to June. The decrease in snowfall during March to 
May period have caused increase in temperature in apple growing 
regions and reflected in low yield of apple in below 1500 m asl 
apple growing regions. 

Snowfall trends in November month over 21 sites In H.P.
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Snowfall trends in December month over 21 sites In H.P.

y = -45.2x + 1129
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Snowfall trends in January month over 21 sites In H.P.

y = 27.918x + 897.27
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Snowfall trends in Februaryr month over 21 sites In H.P.

y = 23.494x + 1076.4
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Snowfall trends in March month over 21 sites In H.P.

y = -23.334x + 1468.5
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Snowfall trends in April month over 21 sites In H.P.

y = -1.1487x + 377.92

0.0

400.0

800.0

1200.0

1600.0

2000.0

198
4-85

198
6-87

198
8-89

199
0-91

199
2-93

199
4-95

199
6-97

199
8-99

200
0-01

200
2-03

200
4-05

Years

A
ve

ra
ge

 m
on

th
ly

 S
no

w
fa

ll(
m

m
)

 
Snowfall trends in May month over 21 sites In H.P.

y = -10.829x + 215.2

-400.0

0.0

400.0

800.0

198
4-8

5

198
6-87

19
88

-89

19
90-9

1

199
2-9

3

199
4-95

19
96-9

7

19
98-9

9

200
0-01

20
02

-03

20
04-0

5

Years

A
ve

ra
ge

 m
on

th
ly

 S
no

w
fa

ll(
m

m
)

 
Figure 2. Monthly Snowfall Trends in Himachal Pradesh 
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Similar, studies were also carried out for Shimla district (Fig 4). 
The data also exhibited the same trends of decrease of chill units. 
The decrease was 19.0 chill units per year. The significant decrease 
in chill units was observed during December to February in 
Shimla. The temperature trends in corresponding period showed 
increase in minimum and maximum temperature by 1.6 and 1.30C. 

The chill unit trends calculated for different sites representing 
different elevations (Table 4 and Fig. 3 to 6) showed decreasing 
trends upto elevation of 2400 msl Sarbo (Kinnaur) whereas the 
chill units calculated for site Dhundi in Kullu (Fig. 6) which is 
situated above 2700 msl revealed increasing trend of chill unit at 
the rate of 25 CU per year in recent decade. This reflected that 
areas above 2500 msl are becoming suitable for apple cultivation in 
recent decade. These findings were also supported by the socio-
economic survey conducted in Kullu and Lahual and Spitti. The 
majority of farmers in Kullu and Lahual & spitti are of the opinion 
that apple crop is shifting upward to higher elevation. The 
secondary data (Anonymous, 2006a) also reported an increase in 
area under apple crop in Lahual and Spitti in recent decade. The 
majority of croplands are above 2500 m asl in Lahual and Spitti. 
The upward shift in apple was also reported by the Partap and 
Partap (2002) in a case study conducted on apple crops in Kullu 
districts. 

Cummulative  chill units (Utah Model) of 
Shimla

y = -19.049x + 1134.5

0

200

400

600

800

1000

1200

1400

1600

19
90

19
91

19
92

19
93

19
94

19
97

19
98

19
99

20
00

20
01

20
02

20
03

Years

cu
m

m
ul

at
iv

e 
C

hi
ll 

un
its

(H
ou

rs
)

 

Figure 4. Cumulative Chill Units Trends (Utah Model) in 
Shimla 

Cummulative Chill Units (Utah Model) at 
Bhang,Kullu  (2192msl)
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Figure 5. Cumulative Chill Units Trends (Utah Model) at Bhang 

Cummulative chill units (Utah Model) at Dhundi , 
Kullu (2700msl)
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Figure 6. Cumulative Chill Units Trends (Utah Model) at 
Dhundi 

The area under apple cultivation in recent years have fallen 
(92,820ha) in 2001-02 and 86,202 ha in 2004-05 in the entire state 
whereas, area in Lahaul & Spitti and Kinnaur district which lie 
above 2500 msl showed increase every year in recent decade which 
is 533 hectare in 2004-05 from 334.0 ha in 1995-96 and 7700 ha in 
2004-05 from 5516 ha in 1995-96, respectively. The farmers 
perception were also summarized for these apple growing region 
using farmers survey revealed that per farmer area under apple 
showed decrease in Kullu and Shimla by 18.2 and 3.3 percent 
respectively. The area in higher elevation (above 2500 msl) namely 
Lahual and Spitti valley showed substantial increase by more than 
127 percent over the recent decade. 

Sr.No. Stations Elevation 
(msl) 

Chill Unit trend 
Equations 

Slope of trend 
equation 

Remarks 

1 Bajaura (Kullu) 1221 Y= -6.4+1261.5 -6.4  
2 Katrain (Kullu) 1420 Y= -25.93+2299 -25.93 Reported by Verma et al. (2007) 
3 Bhang (Kullu) 2192 Y=-3.2+1437.1 -3.2  
4 Dhundi (Kullu) 2700 Y=25.99=1423 +25.99  
5 CPRI Khalini (Shimla) 2159 Y= -19.0+1134.5 -19.0  

6 Mashobra (Shimla) 2250 Y= -37.8+1930.5 -37.9 Reported by Verma et al.(2007) 
7 Sarbo (Kinnaur) 2400 Y=-32.0+1399.3 -32.0 Reported by Verma et al.(2007) 

Table 4: Cumulative Chill units Trends (Utah model) Equations for Different Sites and at Different Elevation 
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ABSTRACT:  
 
Global climate change can affect yields of agricultural crops are likely to be affected due to rise in CO2 and temperature, apart from other 
factors. In this context, the present study aimed at to assess the effects of elevated ambient CO2 concentration, maximum and minimum 
temperatures alone and in combinations on crop productivity of three major cropping systems (maize-wheat, rice-wheat and cotton-wheat) 
of Punjab state of India. Series of climates were synthesized by increasing CO2 levels from 350 to 700ppm at interval of 70ppm and 
temperatures (maximum and minimum) from existing to 20% rise at 5% interval of the recorded data at Punjab Agricultural University, 
Ludhiana. Simulations were made for 15 years (1991-2005) using CropSyst model. The simulated results indicated that on doubling the 
CO2 level of the existing (350ppm) at existing temperature, yields of grain in maize, paddy in rice and seed-cotton in cotton were increased 
by 6.5, 4.9 and 5.5%, respectively. In wheat, the magnitude of benefit varied from 3.8 to 12 percent depending upon the previous crop in 
rotation. In a complete rotation of cropping system, percent increase in wheat equivalent yield was 7.6 in maize-wheat, 7.5 in rice-wheat, 
and 4.7 in cotton-wheat system, respectively. Unlike effect of CO2, crop yields were decreased with increase in temperature. The percent 
decrease in yields of maize, rice and cotton were 42, 23 and 56 with increased maximum temperature (20% of the existing) and 24, 13 and 
28 with increased minimum temperature, respectively. In the cropping systems of maize-wheat, rice-wheat and cotton-wheat, percent 
decrease in wheat equivalent yield was 2, 23, and 39 with maximum and 12, 11 and 17 with minimum temperature, respectively. 
Sensitivity factors estimated by fitting a multiplicative model to the simulated data indicated that the crop yield is more sensitive to increase 
in maximum temperature than minimum and CO2. The interaction of temperature and CO2 suggest that decrease in yield due to increased 
maximum temperature by 1.0, 1.8 and 0.3 ºC or minimum by 1.8, 2.0 and 0.7ºC of the existing temperatures can be levelled off by 
increased yield at double concentration of the CO2 than the existing in maize, rice and cotton crops. 
 
 

1. INTRODUCTION 

The Inter-government Panel for Climate Change (IPCC) has 
compiled the magnitude of change in CO2 and temperature under 
climate change scenario for different parts of the world. According 
to this, CO2 level may increase to 397-416 ppm by 2010 and 605- 
755 by 2070. These gases can cause a giant green house effect and 
thereby make the earth warmer. The reports state that average 
surface temperature across the globe has shot up 0.74 ºC in the past 
century. The mean global surface temperature exhibited an increase 
over the past decade with particularly sharp increase since the 
1970’s (Gadgil, 1996). In the past 150 years, the hottest years 
witnessed were since 1995.  The all India mean annual temperature 
derived from 73 stations showed a significant warming of 0.4ºC 
over the last 100 years, which is comparable to global mean trend 
of 0.3ºC increase per hundred years (Hingane et al, 1985). Hundal 
and Prabhjot Kaur (2001) have reported gradual increasing 
minimum temperature of about 0.4 -1.6ºC over the past 30 years at 
Ludhiana (India). Increase in CO2 and temperature affect the crop 
productivity directly (physiological processes of the plants– 
photosynthesis, respiration, evapotranspiration and phenology) and 
indirectly (weather induced incidences of diseases and thermal and 
water stresses). As per the HadCM3 projections, there can be rise 
of maximum temperature upto 5.860 C and minimum temperature 

upto 6.080 C under A2 scenario, in Punjab, during 2071-2100 
period compared to baseline of 1961-1990. The global atmospheric 
concentration of carbon dioxide, which is 379 ppm in 2005, is 
increasing at an average (1995–2005) rate of 1.9 ppm per year.  In 
view of this futuristic change in climate, it is imperative to assess 
their quantitative impact on crop productivity in a given region. It 
is reported that productivity of food grain could drop by 30% in the 
next 30 years (Chingappa, 2007). The crop growth and yield 
generally have positive relation with atmospheric CO2 and 
antagonistic with temperature. The crop productivity is increased 
with increased carbon dioxide (Kimball, 1983; Cure and Acock, 
1986; Allen et al, 1997; Kimbal et al, 2002) and decreased with 
increased air temperature (Seddigh et al, 1984 a & b); Rosenzweig 
and Hillel, 1998). But little is known how much increase in 
temperature at given level of increased CO2 concentration, will 
level off the beneficial effect of CO2. The present study was 
undertaken with the objective to (i) generate information on 
magnitudes of direct and interactive effects of increased CO2, 
maximum temperature and minimum temperature on yield of 
maize, rice, cotton and wheat crops individually and in cropping 
systems, (ii) to find the increase in maximum and minimum 
temperatures, that will level off the beneficial effect of increased 
CO2 at a given level. 
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2. MATERIALS AND METHODS 

The impact of climatic variability on yield of crops was studied by 
simulation approach, which is relatively less expensive, time 
saving, and easier than actual experimentation. This approach has 
been employed by a number of researchers in different parts of the 
world for a number of crops (Peart et al, 1989; Abraha and Savage, 
2006; Mall et al, 2004; Tubiello and Evert, 2002; Peng et al, 2004) 
for studying the impact of climate change. They used either 
generated or real weather data.  In the present study, weather data 
on daily rainfall, maximum temperature, minimum temperature, 
maximum and minimum relative humidity and wind speed was 
recorded at the meteorological weather station at Punjab 
Agricultural University, Ludhiana, India (30°56'N, 75°52'E and 
247 m m.s.l) for the years 1991-2005. The solar radiation for the 
years was generated using ClimGen model from the real data on 
solar radiation from 1991 to 1995. In a separate study it has been 
found that ClimGen model generates solar radiation close to the 
observed in different climatic situations in Punjab (Bal et al, 2008). 
Climatic variability was created by increasing the CO2 level from 
350ppm (existing) to 700ppm with 20% interval. Both, maximum 
and minimum temperatures were increased up to 20% of the 
existing with incremental interval of 5%. The levels of CO2 and 
temperatures (maximum and minimum) were five for each. The 
major reason for taking incremental scenarios is that they capture a 
wide range of potential changes. In the study one variable at a time 
was modified and its effect on the crop yield was assessed with the 
dynamic simulation model of CropSyst (Stockle and Nelson, 1999; 
Stockle et al, 1994; Stockle et al, 2003), while taking all other 
climate variables to be as per existing. Crop yields of rice-wheat, 
maize-wheat and cotton-wheat cropping systems were simulated 
and simulations were made for 15 years (1991-2005). This model 
is physiologically based model and has already been validated in 
this region for different cropping systems (Jalota et al, 2005, 2009a 
and 2009b) and elsewhere (Abraha and Savage, 2006; Anwar et al, 
2006; Tubiello et al, 2006). As this model simulates crop growth 
and yield taking into account effects of weather, crop, soil and 
management parameters, yields of maize-wheat, rice-wheat and 
cotton-wheat cropping systems were simulated. The soil and crop 
parameters used in the model are described in other studies (Jalota 
et al, 2009a & b). Soil physical (texture, bulk density and hydraulic 
conductivity) and chemical (EC, pH, OC, ammonical nitrogen and 
nitrate nitrogen) properties of experimental field were determined 
up to 1.8 m soil depth with 0.15 m depth interval following the 
standard procedures. The sand, silt and clay contents, bulk density 
and hydraulic conductivity were determined by pipette, core and 
constant head method, respectively (Jalota et al, 1998).  EC, pH 
and OC were measured with Solu Bridge (Chopra and Kanwar, 
1976), potentiometric (Jackson, 1973) and wet digestion (Walkley 
and Black, 1934) methods, respectively. Ammonical-and nitrate- 
nitrogen were determined by Kjeldahal distillation method 
(Keeney, 1982). 

The interactive effects of the climatic parameters on the simulated 
yield were assessed by applying a multiplicative model given 
below: 

(Y/Ya) =α ∏ (CO2/CO2e)γ1(Tmax/Tmaxe)γ2(Tmin/Tmine)γ3  (1)                            

Where  Y = crop yield (kg ha-1),  

 Ye = existing crop yield (kg ha-1),  

 CO2 = elevated concentration,  

 CO2e = existing concentration, 

Tmax = maximum temperature and  

 Tmaxe = existing maximum temperature,  

 Tmin. = minimum temperature and  

 Tmine = existing minimum temperature,  

 ∏ = multiplication and 

  γ1, γ2, γ3 = the sensitivity factors for CO2 ,  

 T max. and T min., respectively 

2.1 Description of the CropSyst Model  

CropSyst model was chosen as it is a process based, simple, multi-
year, multi-crop, daily time step cropping system simulation 
model. Further, its performance for periodic biomass and leaf area 
index and yield of crop in rice-wheat (Jalota et al, 2005, 
Chakraborty, 2008, Jalota 2009a) and maize-wheat (Jalota et al, 
2009b) systems has been tested. The model is designed to study the 
effect of cropping system management on crop productivity, water 
and N balance and the environment (Stockle et al., 1994; Stockle 
and Nelson, 1999). Simulations were made by selecting a location 
and soil, and building crop rotations with management schedule. 
The location parameters included longitude, latitude, weather files 
and ET models. Effect of elevated temperature and CO2 was made 
by changing the temperatures in the weather file and CO2 in the 
crop file, respectively. The soil parameters included specification 
of soil layers, thickness, texture, bulk density, cation exchange 
capacity, pH, volumetric water content at water potentials of - 30 
kPa (Field Capacity) and -1500 kPa (Wilting Point). The 
management options in the model included cultivar selection, crop 
rotation, irrigation, nitrogen fertilization, tillage operations and 
residue management. The crop file comprised of parameters related 
to classification, growth, morphology and phenology of the crop to 
represent different crops and crop cultivars. Model outputs derived 
were phenological schedule and crop yield. 

3. RESULTS AND DISCUSSION 

3.1 Actual Temperatures during different Crop Periods 

Based on 15-year data (1991-2005), the mean, standard deviation 
and range of the maximum and minimum temperatures were 
determined. During rice, maize and cotton crops the means of 
maximum temperatures were 34.1, 34.6 and 34.1ºC with the range 
varying from 32.7 to 36.6, from 33.3 to 37.0 and from 32.8 to 
35.7ºC, respectively. The standard deviation (SD) varied from 0.6 
to 0.7ºC. The corresponding values of mean minimum 
temperatures in were 25.1, 25.5, 23.0 ºC with range varying from 
24.3 to 25.5, from 24.6 to 26.2 and from 21.9 to 23.9 ºC, 
respectively. The SD varied from 0.4-0.5ºC. In wheat, mean 
maximum and minimum temperatures were 23.4 and 9.4ºC with 
range varying from 21.6 to 24.8 and from 8.6 to 10.9ºC, 
respectively. These existing ranges of the values of maximum and 
minimum temperatures are more than the optimum temperature 
range for rice, maize, cotton and wheat. 
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3.2 Impact on Crop Productivity 

3.2.1 Elevated CO2: The simulated yields of the crops were 
increased with increasing CO2 content; however, the magnitude of 
increase was different in all the crops. By doubling the exiting 
concentration of CO2, the increase in yields was 6.5, 4.9 and 5.5 
percent in maize, rice and cotton, respectively (Figure 1). In wheat 
after maize, rice and cotton increase was 8.0, 12.0 and 3.9 per cent, 
respectively. The respective values for maize-wheat, rice-wheat 
and cotton-wheat were 7.6, 7.5 and 4.7 percent. More yield of 
crops at higher CO2 concentration is due to more photosynthesis 
(Kimball, 1983; Cure and Acock, 1986; Allen et al, 1997; Kimbal 
et al, 2002). 
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Figure 1. Yields of Maze-, Rice- and cotton-wheat Systems as 
Influenced by CO2 

3.2.2 Elevated maximum temperature:  Unlike effect of CO2, 
crop productivity decreased with increase in maximum 
temperature. Yields of maize, rice and cotton decreased by 42, 23 
and 56 percent, respectively, with increase in the maximum 
temperature by 20 percent of the existing. Yields of wheat after 
maize, rice and cotton decreased by 12, 23 and 12 percent 
respectively. In maize-wheat, rice-wheat and cotton-wheat 
cropping systems, the decrease in yields were 2, 23 and 39 percent, 
respectively. 

3.2.3 Elevated minimum temperature: Like maximum 
temperature, yields of different crops also decreased with increase 
in minimum temperature. However the decrease was lesser than 
that of maximum temperature. The decrease was 24, 13 and 28 
percent in maize, rice and cotton, respectively. In wheat decrease 
was 25 and 7 percent after maize and rice; however yield increased 
3 percent after cotton. This may be due to the reason that wheat is 
sown late in cotton-based system when minimum temperature is 
lower than the wheat crop sown after maize or rice. In maize-
wheat, rice-wheat and cotton-wheat systems the decrease in yield 
was 12, 11 and 17 percent, respectively. 

3.2.4 Elevated mean Temperature:  Like individual maximum 
and minimum temperature, yields of different crops also decreased 
with increase in mean temperature. The decrease was 49, 26 and 75 
percent in maize, rice and cotton, respectively (Figure 2). In wheat 
decrease was 17, 71 and 14 percent after maize, rice and cotton. In 
maize-wheat, rice-wheat and cotton wheat systems the decrease 
was 32, 27 and 53 percent, respectively. 

Increased temperature shortens the pheno-phases. This will reduce 
time for light and water capture and will reduce both light and 
water use. In the present simulation it was observed that with 
increase in temperature, the duration of pheno-phases i.e. flowering 
(F) to grain filling (GF) and from grain filling (GF) to maturity (M) 
decreased, which can be represented by the following the equations 
(Table 1). 

Crop Weather 
Paramete

r 

Stage Equation* R2 

Maize Tmax F-GF y = -0.6199x + 37.433  0.957 
  GF-M y = -0.4783x + 30.498  0.914 
 Tmin F-GF y = -1.0606x + 44.393  0.955   
  GF-M y = -0.9457x + 38.615 0.955   

Wheat Tmax   F-GF y = -0.4915x + 26.448 0.88 
  GF-M y = -0.4963x + 21.639 0.84 
 Tmin   F-GF y = -0.7732x + 22.974 0.97 
  GF-M y = -0.7216+ + 17.693 0.82 

*The equations are based on Duration (y) vs. Weather 
parameters 

Table 2: The Equations Between crop Pheno-Phase Duration and 
Weather Parameters for Maize and Wheat in Different Pheno-
Phases. 

In maize crop the duration between flowering to grain filling 
decreased to 0.6 and 0.5 days with every degree increase in Tmax. 
and 1.1 and 0.9 days with T min.,  respectively. 
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Figure 2. Yields of Maze-, Rice- and Cotton-Wheat Systems as 
Influenced by Temperature 

3.2.5 Interactive effects: Interactive effects of these three climatic 
parameters were determined from the multiplicative model (1) 
fitted to the simulated data of different crops and cropping systems. 
The values of intercept (α), sensitivity factors for CO2, Tmax and 
Tmin (γ1, γ2 and γ3) and coefficient of correlations (R2) for 
different crops and cropping systems are given in Table 2. It is 

important to note that values of the intercept were near unity and of 
R2  was very high ranging from 0.94 to 0.99 for all the crops and 
cropping systems. Using sensitivity parameters of CO2, Tmax and 
Tmin, in the model values of increased Tmax and Tmin, that 
override the effect CO2 of increased yield were calculated. It 
showed that yield increased by doubling the CO2 level could be 
levelled off by increasing Tmax by 1.0, 1.8 and 0.3 ºC or Tmin by 
1.8, 2.0 and 0.7ºC, respectively in maize, rice and cotton crops. 
This implies that if there is an increase in temperature by 2ºC and 
CO2 level to double of the existing values, crop productivity won’t 
be affected because negative effect by increased temperature will 
be countered by increased CO2 level. 

Crop *α γ1 γ2 γ3 R2 
Rice 1.017 0.069 -1.442 -0.774 0.97
Wheat 1.002 0.163 -1.408 -0.425 0.99
Rice-wheat 1.011 0.105 -1.428 -0.638 099
Maize 1.006 0.092 -2.987 -1.459 0.95
Wheat 0.998 0.117 -0.568 -.088 0.97
Maize-
wheat 

1.013 0.106 -1.603 -0.703 0.97

Cotton 1.052 0.077 -4.534 -1.806 0.94
Wheat 1.004 0.053 -0.578 0.128 0.98
Cotton-
wheat 

1.026 0.066 -2.703 -0.966 0.96

*α is intercept, R2 is coefficient of determination, γ1, γ2 and γ3 
are sensitivity factors for CO2, maximum temperature and 
minimum temperature, respectively.  

Table 2. Intercept, sensitivity factors and coefficient of correlation 
of the equations fitted to different crops and cropping systems 

CONCLUSION 

The results of the present study indicate that amongst the three 
cropping systems, cotton-wheat will be affected more adversely 
than maize-wheat and rice-wheat systems. The adverse effect of 
increased temperature was more for maximum temperature than 
minimum temperature. Though increase CO2 would increase the 
crop productivity but the magnitude of increase in crop yields was 
less than that of decrease by the increased temperature. 
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ABSTRACT: 
 
Impact of climate change on agriculture will be one of the major deciding factors influencing the future food security of mankind on the 
earth. Climate change studies over the past few decades have mostly focused on regional and local scales which are of paramount 
importance in assessing the impacts of climate change on agriculture. To assess the impact of climate change in agriculture over Tamil 
Nadu, outputs of PRECIS Regional Climate Model and DSSAT crop simulation model were used. PRECIS Regional Climate Model was 
used for downscaling of a domain over the whole Tamil Nadu with a horizontal resolution of 0.22° (~25km). The PRECIS was run from 
1960 up to 2098 continuously. However, 28 years of data for 17 grids comprising two districts (Tanjore-6 grids and Tiruvannamalai-11 
grids) alone was selectively post processed and used in crop simulation model. The level of CO2 enrichment had increased the yield of 
both crops compared to normal level of CO2 (330ppm). There was no definite trend of impact of predicted temperature on both rice and 
groundnut yield. 
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1. INTRODUCTION 

1.1 Climate change 

Climate change is defined as a statistically significant variation in 
either the mean state of the climate or in its variability persisting for 
an extended period (typically decades or longer). It may be due to 
natural internal processes or external forcing, or to persistent 
anthropogenic changes in the composition of atmosphere or in land 
use (IPCC, 2001). Climate change is one of the most important 
global environmental challenges faced by humanity (Mitra, 
2007).Climate change in India may pose additional stresses on 
ecological and socio-economic systems that already face 
tremendous pressures from rapid urbanization, industrialization and 
economic development. The IPCC report scripted many observed 
changes in the Earth's climate including atmospheric composition, 
global average temperatures, ocean conditions, and other climate 
changes. The long-lived greenhouse gases like Carbon dioxide, 
methane, and nitrous oxide are all have increased markedly as a 
result of human activities since 1750 and now far exceed pre-
industrial values. 

1.2 Climate change and Agriculture 

The relationship between climate changes and agriculture is 
particularly important issue; as the worlds food production 
resources are already under pressure from rapidly increasing 
population (Mathews and Stephens, 2002). Agriculture is sensitive 
to short term changes in weather and to seasonal, annual and longer 
term variations in climate (STOA, 1999). Self-sufficiency in Indian 
food grain production and its sustainability is in ambiguity due to 
climate variability and change that occurred in the recent past. 
Impact of climate change on agriculture will be one of the major 
deciding factors influencing the future food security of mankind on 

the earth. Agriculture is not only sensitive to climate change but at 
the same time, it is one of the major drivers for climate change. 

1.3 Regional scale studies on climate change 

Climate change studies over the past few decades have mostly 
focused on regional and local scales which are of paramount 
importance in assessing the impacts of climate change on 
agriculture. The impact of climate change on agriculture could 
result in problems with food security and may threaten livelihood 
activities upon which much of population depends. Climate change 
can affect crop yield (both positively and negatively) as well as 
type of crops grown in certain areas by affecting water for 
irrigation, amounts of solar radiation that affect plant growth as 
well as prevalence of pest (Rao et al., 2008).Understanding the 
weather changes over a period of time and adjusting the 
management practices towards achieving better harvest is a 
challenge to the growth of agricultural sector as a whole. By 
examining these potential stresses and impacts it is clear that 
climate science needs prediction of future trends to help 
policymaking. Improved knowledge is needed on future climate 
and it’s change affecting crop yields and various other processes on 
regional scale. 

2. MATERIALS AND METHODS 

2.1 Climate Model 

PRECIS is an atmospheric and land surface model of high 
resolution and limited area, which is locatable over any part of the 
globe. It has a horizontal resolution of 0.44° (~50km) or 0.22° 
(~25km) and 19 levels in the vertical (Jones et al., 1995). PRECIS 
is forced at its lateral boundaries by the simulations of a global 
climate models viz., HadCM3, HadRM3, ECHAM. The Tamil 
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Nadu Agricultural University by arrangement with Hadley centre, 
UK Met Office, UK received the PRECIS model and the required 
GCM boundary data for driving it to make impact studies over 
Tamil Nadu. The PRECIS was run with boundary data of 
HadCM3Q0 A1B scenario for a domain covering entire 
TamilNadu State from 1960 up to 2098 continuously. However, 
28 years of data for 17 grids comprising two districts (Tanjore-6 
and Tiruvannamalai-11) alone was selectively post processed and 
used in crop simulation model to study the possible impact of 
climate change on rice and groundnut. 

2.2 Crop simulation model 

The data retrieved from PRECIS was exported as weather files in 
the DSSAT 4.0.2 crop simulation model for further processing. The 
Decision Support System for Agrotechnology Transfer (DSSAT) is 
a software package integrating the effects of soil, crop phenotype, 
weather and management options that allows users to simulate 
results by conducting experiments. DSSAT is a microcomputer 
software product that combines crop, soil and weather databases 
into standard formats for access by crop models and application 
programs. The DSAAT 4.0.2 which, was released during 2006, 
was utilized for running crop simulations. The official website of 
the DSSAT is http://www.icasa.net/dssat/index.html DSSAT crop 
simulation model was run using daily weather information 
generated from PRECIS. For the same data the CO2 enrichment 
option of DSSAT was invoked to understand its impact. 

2.3 Study period 

The model was actually run for 140 years continuously. However, 
the data were retrieved for only 28 years to analyse the decadal 
information for crop modeling. The years 1968, 1978, 1988, 1998, 
2008, 2018, 2028, 2038, 2048, 2058, 2068, 2078, 2088 and 2098 
and another 14 years (1969, 1979, 1989, 1999, 2009, 2019, 2029, 
2039, 2049, 2059, 2069, 2079, 2089, 2099), their consecutive 
counterparts were also retrieved as the crop seasons are expected to 
lie on both years. 

2.4. Calendar calculations for PRECIS data 

The PRECIS uses 30 days calendar per month while the DSSAT 
crop simulation model uses Gregorian calendar. The procedure 
described by Minguez et al. (2007) was followed to obtain weather 
files for DSSAT model. 

2.5 Assumption made in DSSAT runs 

The weather files for 28 years were exported to DSSAT for 
simulating rice yields of Tanjore district and groundnut yield of 
Tiruvannamalai district. The following assumption were made in 
simulating the district crop yields 

1. The chemical fertilizers and water was considered as not 
limiting. 

2. There was no major pest and disease attacked the crop. 

3. Three sowing dates were assumed as 5th June, 5th 
September and 5th December for kharif, rabi and winter 
respectively, to average the effect of sowing window. 

4. The diverse varieties, irrigation and fertilizer practices 
etc. were not considered and they were assumed to be 
same. 

2.6. Basic inputs used in DSSAT 

The output obtained from PRECIS climate model viz., maximum 
temperature, minimum temperature, rainfall and solar radiation was 
given as input for the DSSAT crop simulation model with the 
required conversions in their units. The weather files created were 
converted into DSSAT weather file format using Weatherman. 
Necessary soil, field and other crop management inputs were given 
through ‘X build’ of DSSAT. The effect of CO2 fertilization was 
included in the study by keeping two environmental modification 
treatments as with and without CO2 fertilization. The CO2 
increment over the study period was given as in the Table 1. 

Year 1968-69 1978-79 1988-89 1998-99 2008-09 2018-19 2028-29 
CO2 increment (ppm) 5 15 30 50 75 105 140 
CO2 (ppm) 335* 345 360 380 405 435 470 
        

Year 2038-39 2048-49 2058-59 2068-69 2078-79 2088-89 2098-99 
CO2 increment (ppm) 180 225 275 330 390 455 525 
CO2 (ppm) 510 555 605 660 720 785 855 

* Base CO2 is fixed as 330 during 1968. 

Table 1: CO2 increments (ppm) over base of 330 ppm 

2.7 Simulation runs 

A total of 504 simulations (6 grids x 14 years x 3 season - June, 
September and December x 2 - with and without CO2 enrichment) 
for rice crop (IR20) and 924 simulations (11 grids x 14 years x 3 
season - June, September and December x 2 - with and without 
CO2 enrichment) for groundnut (TMV2) were run. The district 
average productivity (yield kg ha-1) was calculated from the 
DSSAT output file by taking average of respective grids of the 
district. 

3. RESULTS AND DISCUSSION 

3.1 Influence of predicted weather on rice 

The simulated yield for predicted projections revealed that there 
was no perfect trend of increase or decrease in the yields over the 
decadal interval studied for June and September sown crop (Figure 
1). It varied from year to year and the maximum was observed 
during the year 2008 (Table 2) and a near stabilized yield state was 
seen from the year 2028 but it was not continuous but for 
December sown crop this decline was lesser than that of the other 
seasons where the difference was higher. Then it reached a peak of 
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8652 kg ha -1 in the year 2008 then decreased up to5324 kg ha -1 
during the year 2038 and there was no prominent stabilization of 

yield thereafter. 

NORMAL CO2 ENRICHED 
Jun Sep Dec Jun Sep Dec 

Year Dry 
Matter 

(kg ha-1) 

Yield 
(kg ha-1) 

Dry 
Matter 

(kg ha-1) 

Yield 
(kg ha-1) 

Dry 
Matter 

(kg ha-1)

Yield 
(kg ha-1)

Dry 
Matter 

(kg ha-1)

Yield 
(kg ha-1)

Dry 
Matter 

(kg ha-1)

Yield 
(kg ha-1) 

Dry 
Matter 

(kg ha-1)

Yield 
(kg ha-1)

1968 10931 5503 11441 6782 9298 4486 10957 5504 11448 6793 9348 4511 

1978 9815 3245 10201 5941 7247 4146 9901 3212 10289 6020 7281 4126 

1988 10561 4683 11234 6594 9885 5557 10789 4754 11396 6665 10073 5597 

1998 9571 4140 10326 5988 10565 5993 10039 4325 10618 6242 10875 6187 

2008 14150 8398 12027 6621 14514 8652 14995 8905 12249 6759 15303 9079 

2018 11778 6634 12633 7219 10498 6065 12193 6549 13123 7591 10780 6209 

2028 11282 5279 11248 6590 10401 5738 12034 5815 12517 7269 11169 6123 

2038 11643 5680 10656 6395 9329 5324 12773 6216 11137 6684 10074 5683 

2048 11888 5599 13693 7621 12373 7168 14118 6681 15207 8599 14641 8487 

2058 12193 6590 8483 5118 12119 6989 13965 7432 10784 6509 13420 7755 

2068 10992 5513 11535 6828 9320 4455 12399 6184 12707 7480 11818 6041 

2078 9916 3302 10206 5944 7317 4176 12263 3523 13454 7958 8615 4863 

2088 10606 4675 11318 6637 9868 5569 13328 5621 12607 7532 12759 7152 

2098 9627 4141 10346 6003 10589 5963 13596 6033 12570 7443 12596 7100 

Table 2: DSSAT Simulations of Rice Yields (IR 20) for Tanjore District 

NORMAL CO2 ENRICHED 
Jun Sep Dec Jun Sep Dec 

Year Dry 
Matter 

(kg ha-1) 

Yield 
(kg ha-1) 

Dry 
Matter 

(kg ha-1) 

Yield 
(kg ha-1) 

Dry 
Matter 

(kg ha-1)

Yield 
(kg ha-1)

Dry 
Matter 

(kg ha-1)

Yield 
(kg ha-1)

Dry 
Matter 

(kg ha-1)

Yield 
(kg ha-1) 

Dry 
Matter 

(kg ha-1)

Yield 
(kg ha-1)

1968 13178 2590 12801 4267 12107 4239 13247 2592 12965 4310 12152 4248 

1978 12528 1515 12451 3955 12391 3610 12767 1524 12938 4080 12525 3612 

1988 13522 1841 11661 3322 11471 4117 14012 1866 12484 3524 11710 4154 

1998 13462 2202 10609 2695 12204 4504 14192 2232 11801 2975 12663 4655 

2008 14394 4052 10155 3083 14882 5258 15211 4133 11907 3578 15957 5651 

2018 14726 3874 12902 3072 14538 4810 15896 3900 15490 3671 15799 5207 

2028 14186 2352 11871 3745 12724 4722 15623 2397 14873 4653 13885 4999 

2038 13210 2579 12661 3973 12241 4044 14863 2627 16302 5004 13752 4148 

2048 13609 3890 13124 3463 13704 4747 15498 3964 17457 4536 15497 5358 

2058 14102 3084 12791 4160 13313 4942 16200 3138 17397 5542 15258 5437 

2068 13193 2544 12774 4274 12092 4236 15524 2619 17687 5850 13729 4436 

2078 12517 1466 12433 3941 12344 3589 15303 1567 17565 5428 14402 3652 

2088 13481 1791 11647 3322 11473 4112 16596 1933 16562 4614 13251 4214 

2098 9627 4141 10346 6003 10589 5963 13596 6033 12570 7443 12596 7100 

Table 3: DSSAT simulations of groundnut yields (TMV2) for Tiruvannamalai District 

3.2 Influence of predicted weather on rice for CO2 enrich-
ment 

Initially there was a decrease in the yield from 5504 kg ha -1 during 
1968 to 3212 kg ha -1 during 1978 (Table 2) then it increased and 
attained a peak of 8905 kg ha -1 in 2008 and then gradually 

decreased up to 2028 (5815 kg ha -1). Thereafter the yield of rice 
gradually increased up to 2058 (7432 kg ha -1) and attained its 
second peak. Then it declined to a yield of 3523 kg ha -1 in 2078. 
There is no prominent trend in June sowing. In September sowing, 
a near stabilized yield trend was observed from the year 1968 
(6793 kg ha -1) to 2008 (6759 kg ha -1). It reached a maximum of 
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8599 kg ha -1 in 2048 and then decreased. A near stabilized region 
of yield was again noticed from 2068 to 2098. It recorded an 
increased yield as the years advances from 1968 to 2098. In 
December sowing, maximum yield (9079 kg ha-1) was recorded 
during 2008 and then it attained a second peak of 8487 kg ha -1 
during 2048. As the years an increasing trend of yield was noticed 
with some exceptional years. There was no prominent increasing or 
decreasing trend in the yield of rice. 

3.3 Influence of predicted weather on Groundnut 

On comparing the yield of groundnut obtained over the years due 
to CO2 fertilization in all the three seasons it can be stated that, 
initial decrease in yield from 1968 was uniform and the near 
stabilized. Yield period varies from between seasons and June 
sowing has no such prominent trend. (Table 3). In all the season the 
dry matter production of groundnut due to CO2 fertilizer follows 
the same trend as that of yield as given above. 

3.4 Comparison between temperature and CO2 fertilization. 

On comparing the yield obtained for both the treatment 
(temperature effect and temperature and CO2 effect) for groundnut 
(Figure 2) the CO2 and temperature treatment shows a slightly 
increased yield than the temperature treatment for the same season. 
The trends of both the yield were almost similar. 

CONCLUSION 

The DSSAT crop simulation results revealed that there was no 
definite trend of impact of predicted temperature on both rice and 
groundnut yield. The level of CO2 enrichment had increased the 
yield of both crops compared to normal level of CO2 (330ppm). 
There exists a seasonal difference for CO2 enrichment for 
groundnut, which was not noticed in rice. In case of rice the 
enrichment of CO2 increased the yield but it was not consistent and 
records a peak in later part of 21st century. 
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ABSTRACT:  
 
Climatic variability, together with increase in atmospheric temperature and carbon dioxide do have lot of implication in agriculture sector. 
Latest assessment report from the Intergovernmental Panel on Climate Change (IPCC) predicts an increment in mean atmospheric 
temperature from 1.1 to 6.4°C toward the year 2100 with equally increasing atmospheric carbon dioxide (CO2). Such climatic changes 
could profoundly affect insects both directly i.e. seasonal shifts of insects and indirectly i.e. changing plant productivity and quality, 
changing predators increasing insect pests population. A detailed investigation was done by analyzing various studies carried out around 
the globe on impact of increasing atmospheric temperature and carbon dioxide on crop pests population and crop-pest interaction. Studies 
reported both harmful and beneficial impacts, however benefits are least reported. A substantial expansion in high latitude and elevation of 
various crop insect pest distributions and is critical in temperate part of the world. Increased frequent insect outbreaks had been observed 
where changing climate may interfere with the induction of extended diapauses. Increase in atmospheric temperature resulted in reduction 
in survival and increase in developmental rate, resulting in more generations (and more crop damage) per year. New studies show that 
insect species living in warmer areas are more likely to undergo rapid population growth because they have higher metabolic rates and 
reproduce more frequently, thus climate change would create favorable conditions for growth in insect populations. Other environmental 
parameters like relative humidity and CO2 is potentially important, more CO2 in the atmosphere make plants to take up more carbon and 
leaves become less nutritious and results in voluminous feeding. Further studies on crop-pest interaction focusing on spatio-temporal 
variations are needed to have a better understanding and to quantify its future impacts. 
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1. INTRODUCTION 

Climate change has been recognized globally as the most 
impending and pressing critical issue affecting mankind survival in 
the 21st century. The last assessment report from the 
Intergovernmental Panel on Climate Change predicted an 
increment in mean temperature from 1.1 – 6.4 °C by 2100 (IPCC, 
2007). The global atmospheric concentration of green house gases 
(GHG) viz., carbon dioxide (CO2), methane (CH4) and nitrous 
oxide (NO2) has increased tremendously as a result of human 
activities from pre-industrial era. Increasing concentration of these 
gases is expected to have great effect on global climate change and 
thereby affect on agriculture (Cannon 1998). Climate change will 
be an additional challenge to produce enough food grain for the 
ever-growing populations when crop production will have to be 
boosted to feed an extra three billion people living at the end of 21st 
century. Considering all the anticipated or expected changes, global 
researchers are deeply engaged in analyzing the effect of insect 
pest on agriculture crop. Climate change related factors such as rise 
of temperature, carbon dioxide atmospheric concentration rise are 
the major cause of concern. An attempt was done to analyze 
various major studies undertaken across the globe on crop insect 
pest and how it influences the crop. Generally, Climate change 
impacts on pest population include change in phenology, 
distribution, community composition and ecosystem dynamics that 
finally leads to extinction of species (Walther et al 2002). Climate 
change effects could either be direct, through the influence that 
weather may have on the insects’ physiology and behavior 

(Berrigan 2001). In addition, indirect effects can occur through the 
influence of climates on the insect’s host plants, natural enemies 
and interspecific interactions with other insects. 

2. EFFECT OF RISING TEMPERATURE 

The atmosphere temperature rise is not a new phenomenon and it 
has started million of years ago. Scientists were analyzing the 
fossilized remains of leaves of trees about 55 millions years ago 
and they reached a conclusion that planet was undergoing a period 
of warming. They believe rise in global temperatures caused by a 
tripling of CO2 levels during the palaeocene age and this result in 
soaring insect number. Climate, temperature and precipitation in 
particular, have a very strong influence on the development, 
reproduction and survival of insect pests and as a result it is highly 
likely that these organisms will be affected by any changes in 
climate. Milder and shorter winters mean that warm weather pests 
will start breeding sooner (Bale et al. 2002). Other changes include 
expanded pest ranges, disruption of synchrony between pests and 
natural enemies, and increased frequency of pest outbreaks and 
upheavals (Parmesan 2007). Many major insects are contributors to 
global warming because of the CO2 they emit. Bugs and all termites are 
major contributor global warming. The termite will emit CO2 from their gut 
because when they consume the wood and its digestion resulting emission. 
With every degree the global temperature rises, the life cycle of each bug 
will be shorter. The quicker the life cycle, the higher will be the population 
of pests.  The general prediction is that if global temperatures 
increase, the species will shift their geographical ranges closer to 
the northern pole or to higher elevations, and increase their 
population size. In temperate regions, most insects have their 
growth period during the warmer part of the year. Due to this, 
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species whose niche space is defined by climatic regime will 
respond more predictably to climate change while those in which 
the niche is limited by other a biotic or biotic factor will be less 
predictable. A key factor regulating the life history pattern of insect 
pests is temperature. Because insects are poikilothermic (cold-
blooded) organisms - the temperature of their bodies is 
approximately the same as that of the environment. Therefore, the 
developmental rates of their life stages are strongly dependent on 
temperature. Indeed, almost all insects will be affected to some 
degree by changes in temperature, and there may be a multitude of 
intertwined effects upon insect life histories. Porter et al (1991) in 
the study mentioned the effects of temperature upon insects, 
including limitation of geographical range, over wintering, 

population growth rates, number of generations per annum, crop-
pest synchronization, dispersal and migration, and availability of 
host plants and refugia. The temperature increases associated with 
climatic changes could impact crop pest insect populations in 
several complex ways like (a) extension of geographical range, (b) 
increased over wintering; (c) changes in population growth rate; (d) 
increased number of generations; (e) extension of development 
season; (f) changes in crop pest synchrony; (g) changes in inter-
specific interactions; (h) increased risks of invasions by migrant 
pests; (i) and introduction of alternative hosts and over wintering 
hosts. But all these effect of temperature on insects largely 
overwhelms the effects of other environmental factors (Bale et al 
2002). 

Common 
Name 

Scientific 
Name 

Temperature 
Range 

Biology Temperature Biology References 

Argentine ant Lithepithema 
humile 

<18°C(64.4F) egg laying 
ceases 

6°C (42.8F) activity 
ceases 

Ebeling 1975 

Cat flea   
 

Ctenocephalides 
felis 

130C (55.4F) egg hatch, 6days 35°C (95F) egg hatch, 36 
hours 

Silverman et al. 
1981 

House fly  
 

Musca 
domestica 

<200C (68F) larval stage, 6-8 
weeks 

21-32°C (69.8-
89.6F) 

larval stage, 
3-7 days 

Ehmann 1997 

Indian meal  
 

Plodia 
interpunctella 

200C (68F) moth life cycle, 
60days 

25°C (77F) life cycle, 30 
days 

Cox and Bell 
1991 

Old house 
borer  

Hylotrups 
bajulus 

20-310C (68- 
87.8F) 

optimal temp. 
larvae 

------- --- ---- Cannon and 
Robinson 1985 

Old house 
borer  

Hylotrups 
bajulus 

29-35°C (84.2- 
95F) 

Optimal 
temperatures 
adults 

>30°C (86F) adult flight s Cymorek 1968 
 

Western 
drywood 
termite 

Incisitermes 
minor 

>27°C (80.6F) peak swarming ------ - ---- --- Harvey 1946 

Western 
subt erranean 
termite 

Reticulitermes 
hesperus 

29-32°C (84.2- 
89.6F) 

preferred soil 
temperature 

------- ------- Smith and Rust 
1994 

Yellow fever 
mosquito 

Aedes aegypti 25-29°C (77- 
84.2F) 

optimum larval 
development 

26°C (78.8F) optimal adult 
temperature 

Fay 1964 

Table 1: Effects of Temperature on Insect Biology 

Temperature can impact insect physiology and development 
directly or indirectly through the physiology or existence of hosts. 
Depending on the development “strategy” of an insect species, 
temperature can exert different effects (Bale et al 2002). Some 
insects take several years to complete one life cycle – these insects 
(cicadas, arctic moths) will tend to moderate temperature 
variability over the course of their life history. Some crop pests are 
“stop and go” developers in relation to temperature – they develop 
more rapidly during periods of time with suitable temperatures. It 
has been estimated that with a 2o C temperature increase insects 
might experience one to five additional life cycles per season 
(Yamamura & Kiritani 1998). Warming could decrease the 
occurrence of severe cold events, which could in turn expand the 
overwintering area for insect pests. In-season effects of warming 
include the potential for increased levels of feeding and growth, 
including the possibility of additional generations.  Degree-day or 
phenology based models are often used to predict the emergence 
of insects (like cabbage maggot, onion maggot, European corn 
borer, Colorado potato beetle etc.) and their potential to damage 
crops. Increased temperatures will accelerate the development of 
crop affecting maggots and borers – possibly resulting in more 
generations (and crop damage) per year.  

Natural enemy and host insect populations may respond 
differently to changes in temperature. Parasitism could be reduced 
if host populations emerge and pass through vulnerable life stages 
before parasitoids emerge. Temperature may change gender ratios 
of some pest species such as thrips (Lewis 1997) potentially 
affecting reproduction rates. Insects that spend important parts of 
their life histories in the soil may be more gradually affected by 
temperature changes than those that are above ground simply 
because soil provides an insulating medium that will tend to buffer 
temperature changes more than the air. At higher temperatures, 
aphids have been shown to be less responsive to the aphid alarm 
pheromone they release when under attack by insect predators and 
parasitoids – resulting in the potential for greater predation. 
Increases in mean temperatures, particularly milder winters and 
longer summers, are highly favourable to increased aphid 
populations, and are thought to have caused extensions to the 
geographical range of wheat bulb fly, leading to increased range 
and severity of infestations. There is also the prospect of new 
pests, which may become much more important as a result of 
global warming. These include corn rootworms (Diabrotica spp.), 
serious pests of maize and other crops, which are spreading 
throughout Europe after accidental introduction from N. America, 
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and the Sunn insect (Eurygaster integriceps), which is responsible 
for extensive grain spoilage of wheat throughout the Middle East. 

3. EFFECT OF ELEVATED CARBON DIOXIDE 

One of the most studied aspects of climate change is the effect of 
increasing concentrations of carbon dioxide on crop and pest. In 
plants the carbon dioxide increases will increase the 
photosynthetic rates of most crop plants especially C3 plants. In 
addition to growing more quickly, many crop plants would 
become more drought-tolerant. This is because the openings in the 
leaves (stomata) that let carbon dioxide in also let water vapor out, 
and if there is more carbon dioxide, then the stomata do not need 
to be open as much. A rise in CO2 generally increases the carbon 
to nitrogen ratio of plant tissues (Ainsworth et al.; 2002), reducing 
the nutritional quality for protein limited insects diluting the 
nitrogen content of the tissues (Coviella et al; 1999). The first 
reaction expected from herbivores to the increase of the C/N ratio 
is compensatory feeding. Insects may accelerate their food intake 
to compensate for reduced leaf nitrogen content.  However, varied 
effects of carbon dioxide on insect pests have been reported some 
of the effects are given in table 2. 

CONCLUSION 

The greatest challenge facing humanity in the coming century will 
be the necessity to double our global food production to meet a 
booming increase in population by using less land area, less water, 
less soil nutrients, droughts from global warming. Various insect 
responds differently to atmospheric temperature and carbon 
dioxide rise and it is obvious of having varied impact depend on 
insect and regions. Understanding how climate change will impact 
on various pests especially crop pests helps agricultural scientist to 
orient their research on various futuristic possibilities that can help 
in mitigating and adapting to menace of anticipated climate 
change.  

Increasing Decreasing 
Food consumption by 
caterpillars 

Insect developmental rates 

Reproduction of aphids Response to alarm 
pheromones by aphids 

Predation by lady beetle Parasitism 
Carbon-based plant defenses Effects of transgenic B. 

thuringiensis 
Effects of foliar applications 
of B. thuringiensis 

Nitrogen-based plant 
defenses 

Table 2: Effect of Increasing Atmospheric Carbon Dioxide on 
Various Insect Pest Biology  
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ABSTRACT: 
 
Cropping system level study is not only useful to understand to overall sustainability of agricultural system, but also it helps in generating 
many important parameters which are useful in climate change impact assessment. Considering its importance, Space Applications Centre, 
took up a project for mapping and characterizing major cropping systems of Indo-Gangetic Plains of India. The study area included the five 
states of Indo-Gangetic Plains (IGP) of India, i.e. Punjab, Haryana, Uttar Pradesh, Bihar and West Bengal. There were two aspects of the 
study. The first aspect included state and district level cropping system mapping using multi-date remote sensing (IRS-AWiFS and 
Radarsat ScanSAR) data. The second part was to characterize the cropping using moderate resolution multi-date sensing data (SPOT VGT 
NDVI) and ground survey. While the remote sensing data was used to compute three performance indices (namely, Multiple Cropping 
Index, Area Diversity Index and Cultivated Land Utilization Index), the ground survey was conducted using questionnaires filled up by 
1000 farmers selected from 103 villages based on the cropping systems map. Apart from ground survey, soil and water sampling and 
quality analysis was carried out to understand the effect of different cropping system and their management practices. The results showed 
that, rice-wheat was the major cropping system of the Indo-Gangetic Plains, followed by Rice-Fallow-Fallow and Maize-Wheat. Other 
major cropping systems of IGP included Sugarcane based, Pearl millet-Wheat, Rice-Fallow-Rice, Cotton-Wheat. The ground survey could 
identify 77 cropping systems, out of which 38 are rice-based systems. Out of these 77 cropping systems, there were 5 single crop systems, 
occupying 6.5 % coverage (of all cropping system area), 56 double crop systems with 72.7 % coverage, and 16 triple crop systems with 
20.8 % coverage The cropping system performance analysis showed that the crop diversity was found to be highest in Haryana, while the 
cropping intensity was highest in Punjab state. 
 
 

                                                                 
∗ssray@sac.isro.gov.in  

1. INTRODUCTION 

This concept of looking to the agricultural land as a system is 
known as the Cropping Systems, where interaction studies are 
made with regard to dynamics in nutrient and water available. 
Cropping system level study is not only useful to understand to 
overall sustainability of agricultural system, but also it helps in 
generating many important parameters which are useful in climate 
change impact assessment. The Indo-Gangetic plains constitute the 
most important agricultural region in south Asia (Abrol, 1999). The 
area of the IGP is nearly 13% of the total geographical area of the 
country, and it produces about 50% of the total foodgrains to feed 
40% of the population of the country (Pal et al., 2009). 

The scope of large area application of cropping systems approach 
has been realized with the availability of advanced tools of satellite 
remote sensing (RS) and Geographic Information System (GIS). 
Crop rotation mapping using IRS data was first demonstrated by 
Panigrahy and Sharma (1995). Spatial database of parameters like 
crop area, cropping pattern, crop rotation, crop calendar, crop 
vigour etc. was created using multi-temporal, multi-spectral data 
(Panigrahy et al. 1995, 1996). 

This paper highlights the results of a study carried out towards 
cropping system characterisation in the IGP region of India. There 
were two aspects of the study. The first aspect included state and 
district level cropping system mapping using multi-date remote 
sensing data and evaluate the system using various indices derived 
using moderate resolution high temporal resolution remote sensing 
data and the second part is characterize the system using both 
ground survey and in-situ observations of soil and water samples. 

2. MATERIALS AND METHODS 

2.1 Study Area 

The study area included the five states of Indo-gangetic Plains 
(IGP) of India, i.e. Punjab, Haryana, Uttar Pradesh, Bihar and West 
Bengal, extending from 730 latitude and 320 longitude to 890 East 
latitude and 210 North longitude. The IGP occupies nearly one-fifth 
of the total geographic area in the four countries (Pakistan, India, 
Nepal and Bangladesh) of the Indian sub-continent. The IGP, in 
India alone, occupies a total area of approximately 43.7 m ha and 
represent eight agro-ecological regions (AER) and 14 agro-
ecological subregions. Planning Commission has divided IGP into 
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four Agro-Climactic Zones (Figure 1), namely Trans-Gangetic 
Plains (TGP), Upper Gangetic Plains (UGP), Middle Gangetic 
Plains (MGP) and Lower Gangetic Plains (LGP). 

 

Figure 1. Map showing Agroclimatic Regions and Sub-regions 
of Indo-Gangetic Plains 

The IGP is mostly dominated by the loam soil except for the south-
western parts of Punjab and Haryana having sandy soil which also 
coincides with low rainfall. The net irrigated area ranges between 
35 percent in West Bengal to 95 percent in Punjab as per the land 
use statistics brought out by Ministry of Agriculture. Rice and 
wheat are the most important crops in the IGP. The total reported 
area of rice-wheat cropping system (RWS) in IGP is around 9.64 
million ha. 

2.2 Data Use 

IRS Advanced Wide Field Sensor (AWiFS) data acquired from 
October 2004 to May 2005 were used in this study to map the 
crops grown in Rabi (winter) and summer season. Due to cloud 
cover problem, microwave data of ScanSAR Narrow Beam-2 
(SN2) of RADARSAT was used to map the Kharif (rainy) season 
cropping pattern. The 10-day composite (S10) NDVI (Normalized 
Difference Vegetation Index) product of SPOT Vegetation (VGT) 
sensor was used for deriving cropping system indices. Thirty-nine 
dates’ data were used from 1st May 2004 to 31st May 2005. The 
other data were ground truth collected for each crop in each state to 
classify the satellite data. Another set of major data for the projects 
was collected using survey of 1000 farmers in 100 villages and soil 
and water sampling in these villages. 

2.3 Methodology 

2.3.1 Crop Rotation Mapping: This methodology of cropping 
system mapping is primarily based on the use of digital image 
analysis technique and geographic information system. Various 
components of the methodology are: i) Designing of remote 
sensing (RS) database, ii) pre-processing of RS data, iii) 
preparation of registered dataset using temporal data, iv) creating 
temporal dataset, v) image classification etc. 

Various approaches have been used by different workers for 
multidate image classification for cropping pattern. Mingwei et al. 
(2008) used Fourier analysis method, and time-series EOS-MODIS 

NDVI data to discriminate different cropping systems of Northern 
China. Sakamoto et al. (2006) developed a Wavelet-based Filter for 
evaluating the spatial distribution of Cropping Systems (WFCS) to 
the interpretation of MODIS time-series data 

In this study, multidate image classification was carried out for 
generating seasonal cropping patterns. The classification was 
conducted in following steps: i) Removal of non-agricultural 
classes by using a non-crop mask by selecting appropriate 
thresholding of temporal NDVI ii) crop classification using 
multidate data with both unsupervised and supervised classifier. 
SAR data was clkassified using a decision rule classifier in 
backscatter domain to classify rice and other crops. 

The cropping pattern maps were generated using a logical 
combination of classified images corresponding to crops grown in a 
season. The crop rotation map was generated by logical 
combination of the three seasonal cropping pattern maps 
(Panigrahy & Sharma, 1995). 

2.3.2 Cropping System Characterization using RS Data: 
Characterization of cropping system is essential for studying the 
sustainability of a cropping system by knowing its benefits and 
losses. Different cropping system efficiency indices were computed 
for characterizing the cropping system of the states of Indo-
gangetic plains. Three indices, namely Multiple Cropping Index 
(MCI), Area Diversity Index (ADI) and Cultivated Land 
Utilization Index (CLUI) were computed. MCI measures the 
cropping intensity (Dalrymple, 1971), ADI measures the 
multiplicity of crops or farm products, which are planted in a single 
year (Strout, 1975; Wang and Yu, 1975) and CLUI measures how 
efficiently the available land area has been used over the year 
(Chuang, 1973). The details of the computation is as given by 
Panigrahy et al. (2005). 

2.3.2.1 Duration of Crop Rotation: Duration of each crop rotation 
was computed using high temporal resolution data of SPOT 
Vegetation (VGT) sensor. The remote sensing data used in this 
study included the 10-day maximum value composite of NDVI 
products derived from VEGETATION sensor of SPOT-4 satellite. 
The NDVI profile for each cropping system in an agro-ecological 
sub-region, was fitted using a 5th order polynomial. From this 
fitted model the beginning and dates of cropping cycles were 
computed, which can be considered the spectral emergence and 
spectral maturity date. In order to compute the total duration (di) of 
a cropping system 10 days were added at the beginning (15 days 
for rice crop) and 10 days at the end of each crop-growing period. 
These days account for the duration of field preparation, the gap 
between sowing and spectral emergence and the gap between 
spectral maturity and the harvest of the crop. 

2.3.3 Cropping System Characterization using Ground Survey: 
Characterization includes creating a database of variant and 
invariant resources and integrating the management practice, socio-
economic aspects. Characterization of the cropping systems 
requires knowledge of the actual management practice followed by 
farmers. This requirement is fulfilled by field survey of the area, 
interviewing the farmers, taking measurements of productivity etc. 
A stratified sampling method was followed for farmers’ survey. 
The total agricultural area of the Indo-Gangetic plains is the 
sampling frame. This is further stratified based on the major 
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cropping systems. Total 100 villages were selected in the region for 
survey. The allocation of the number villages for each cropping 
system and each state was proportional to the area occupied by that 
cropping system. Figure 2 shows the location and distribution 
pattern of the selected villages in the IGP. Minimum 10 farmers (3 
farmers each from small, medium and large holding size) from 
each of the selected villages were interviewed. Secondary data on 
area, production and productivity of various crops at districts level 
from four sub regions of Indo-Gangetic Plain were used as 
auxiliary information to build up different estimates. Surface (0-15 
cm) soil samples were collected from all the selected villages 
during the survey. These soil samples were analyzed for soil 
reaction, electrical conductivity, organic carbon and available 
nutrients (N, P and K). Similarly, water samples were also 
collected from selected villages for various sources of irrigation in 
respective zones. These samples were analyzed for parameters like 
electrical conductivity, pH, cations and anions. These data were 
used for computation of residual sodium carbonate, an indicator of 
sodicity hazard. The quality of irrigation water was adjudged on 
the basis of salinity and sodicity hazard. 

 

Figure 2. Location of survey villages in Indo-gangetic plains 

3. RESULTS AND DISCUSSION 

3.1 Cropping System Data Base and Map 

The ground survey could identify 77 cropping systems, out of 
which 38 are rice-based systems. Out of these 77 systems, there 
were 5 single crop systems, occupying 6.5 % coverage (of all 
cropping system area), 56 double crop systems with 72.7 % 
coverage, and 16 triple crop systems with 20.8 % coverage. 
Maximum diversity of rotations was observed in the North western 
and southwestern subregions of UGP (Fig. 3). 

Mapping of rotations using satellite data could identify the major 
ones. The results showed that, rice-wheat, Rice-Fallow, Cotton-
Wheat and Maize-Wheat are some of the major ones in IGP. The 
other rotations mapped with good accuracy are Sugarcane based, 
Pearl millet-Wheat, Rice-Fallow-Rice, Cotton-Wheat. Rice-wheat 
is the major crop rotation in Punjab, Haryana and UP, while Rice-
Fallow is the major rotation in West Bengal. The second major 
crop rotation of Punjab and Haryana are Cotton-Wheat, while that 
of UP and West Bengal are Sugarcane based system and Rice-Rice 
respectively. Coarse Cereal and Pulse based systems are observed 

in UP. Fig. 4 shows the crop rotation map derived using remote 
sensing data for the states of Punjab, Haryana, UP and WB. 

 

Figure 3. Major crop Rotations and Number of Rotations 
Observed in Agroclimatic Subregions of IGP Through Ground 
Survey 

3.2 Cropping System Indices 

The cropping system performance analysis showed that the crop 

diversity was found to be highest in Haryana, while the cropping 

intensity was highest in Punjab state (Table 1). The Multiple 

Cropping Index (MCI) indicates the cropping intensity. It shows 

the number of crops grown temporally in a particular area over a 

period of one year. Most of the IGP states have high MCI except 

WB, which is as less as 143, as in most of its areas, early summer 

rice is taken, due to which the land remains fallow during the rabi 

season. Thus, analysis of net area sown and cropping pattern shows 

that, cropping intensity can be improved by incorporating a short 

duration crop in summer in the states of Punjab, Haryana, and in 

rabi season, in West Bengal. 

Seasonal ADI computed using the RS based cropping patterns 

showed that in Punjab kharif season is more diversified than the 

rabi season. In rabi season, most of the area is under wheat crop. 

Haryana, in kharif, has registered the maximum diversity with ADI 

of 2.30 as about four crops are grown there in kharif. However, in 

the rabi season, Haryana has less ADI. West Bengal, however, 

exhibited high ADI in the rabi season. 

The Cultivated land utilization index (CLUI) is the measure of land 

utilization. For a cropping pattern, where the land remains 

unutilized for a very short period, the CLUI attains a value near to 

1.0, whereas for a completely unutilized land (through out the 

year), the CLUI is 0.0. CLUI of Punjab was high due to the rice-

wheat and cotton-wheat rotations in a considerable area, which 

kept most of the arable land occupied for most of the days of the 

year. As against this, West Bengal has a less CLUI due to a single 

crop in most of the area. 
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ADI States MCI CLUI 
Kharif Rabi 

Punjab 204 0.80 2.23 1.60 
Haryana 171 0.66 2.30 1.76 
WB 143 0.41 1.31 4.76 

Table 1: Cropping system Efficiency Indices for Different States in 
IGP 

3.3 Cropping System Characterization using  
Ground Survey 

Region level analysis of production under different cropping 

systems showed that the maximum system production was found in 

sugarcane -ratoon-wheat (191.3 million ton) followed by rice-

wheat cropping system i.e. (77.3 million ton), rice-sugarcane (42.7 

million ton), rice-potato (41.2 million ton), sorghum (f)-berseem 

(27.9 million ton), maize-potato (22.8 million ton), cotton-wheat 

(12.3 million ton), sorghum (f)-wheat-sugarcane (10.9 million ton), 

ratoon-sugarcane and rice-mustard+sugarcane (both 10.8 million 

ton) and sorghum(f)-wheat (10.6 million ton). Sorghum (f)-

berseem, sorghum (f)-wheat-sugarcane, ratoon-sugarcane, rice-

mustard+sugarcane and sorghum (f)-wheat are not among the ten 

major cropping systems of IGP but their system production lies 

under ten largest production systems. It indicated that the sorghum 

(f), berseem, ratoon or sugarcane are the high yielding crops, hence 

the system production of these cropping systems is high as 

compared to other systems. 

Figure 5 shows fertilizer use pattern in the first major cropping 

systems of different regions of Indo-Gangetic Plains. As shown, 

there is very high fertilizer use (151.4, 42.9, 6.7 kg/ha N, P, K) in 

TGP compared to other agro-ecological zone. LGP had the lowest 

fertilizer use (80.6, 20.7, 34.2 kg/ha N, P, K). Among the 1st major 

cropping systems nitrogen use was highest in cotton-wheat (307 

kg/ha) and rice-wheat (238.8 kg/ha) cropping systems, phosphorus 

use was highest in Rice-wheat system (72.7 kg/ha) and potassium 

use was highest in rice-mustard-rice (102.9 kg/ha) system. Among 

all the cropping systems, the maximum use of nitrogen was 

recorded in five cropping systems, namely, rice-potato- vegetable 

(425.5 kg/ha) followed by rice-potato-muskmelon (415.5 kg/ha), 

rice-potato–sunflower (410.8 kg/ha), rice–potato–wheat (353.4 

kg/ha), rice-potato-maize (333.5 kg/ha), cotton-wheat (307 kg/ha) 

and rice-wheat (238.8 kg/ha) cropping systems. Maximum use of 

phosphorus was recorded in rice-potato-muskmelon (126.5 kg/ha), 

followed by rice–potato–wheat (125.3 kg/ha), rice-

mustard+sugarcane (104 kg/ha), and rice–pea-wheat (103.5 kg/ha) 

and rice-wheat (72.7 kg/ha) cropping systems. Maximum use of 

potassium was recorded under rice-potato-rice (138.0 kg/ha) 

followed by rice-wheat-rice (124.9 kg/ha), rice-potato-jute (107.3 

kg/ha), rice-mustard-jute (107 kg/ha), rice-mustard-rice (102.9 

kg/ha) and rice-lathyrus-rice (101.7 kg/ha) cropping systems. Use 

of FYM was recorded maximum in rice-potato-vegetable system 

(15.0 t/ ha) followed by rice-potato-maize (14.0 t/ha), maize–wheat 

(12.8 t/ha), rice-potato-sunflower (12.5 t/ha) and maize-pea (10.7 

t/ha) cropping systems. 

Figure 6 shows the index of soil fertility and nutrient availability 

for different regions of Indo-gangetic plains. While majority of 

surface soil (99.5%) was deficient to low in available N and 0.5 % 

surface soil was medium in available N. About 23.5 % surface soil 

was deficient in available P, 64.1 % surface soils medium and 12.4 

percent high in available soil P. While majority (69%) of surface 

soil was medium in available K, 15.3 % surface soil was high in 

available K. 

CONCLUSION 

Climate change impact assessment studies have been generally 

been carried out on individual crops (Challinor and Wheeler, 2008; 

Lal et al., 1998; Tubiello and Ewert, 2002). However, the 

performance of individual crops will vary significantly, when they 

are evaluated as part of a system. Hence, for understanding the 

impact of climate change on agriculture, cropping systems need to 

be assessed. In this direction, simulation models have been 

developed and evaluated to understand the behaviour of cropping 

systems per se under different climate change scenarios (e.g. 

CropSyst, Tubiello et al., 2000). 

Apart from climate change impact, even the long-term 

sustainability of many cropping systems needs to be evaluated. 

Abrol (1999) found that over exploitation of groundwater resources 

and quality degradation are major concerns in sustaining high 

productivity of the rice-whet cropping system in the northwestern 

region of Indo-gangetic plans. Many studies are being carried out 

to sustain the productivity of different cropping systems in IGP 

which include diversification, improved land use and natural 

resource management (Aggarwal et al., 2004), resource 

conservation technologies (Gupta and Seth, 2007)\, etc. 

In this context, the information related to the existing cropping 

system vis-à-vis their characteristics is essential. This present study 

has incorporated a unique combination of remote sensing data and 

detailed (stratified) ground survey to generate spatial database of 

different cropping systems of Indo-gangetic plains. It has been also 

been possible to characterize the cropping systems with respect to 

their diversity and land utilization capability. The cropping system 

information has been integrated with information related to soil 

nutrient level and water quality in order to understand the 

sustainability and ecological impact of different cropping systems. 

It is expected that, this dataset will form a background for many 

climate change impact assessment studies of Indo-gangetic plains, 

which is the food basket of India. 
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Haryana 

 

Uttar Pradesh 

 

West Bengal 

 

Figure 4. Crop Rotation Maps Derived using Remote Sensing 
Data for the States of Punjab, Haryana, UP and West Bengal 

 

Figure 5. First Major Cropping System of Indo-Gangetic Plains 
and their Corresponding Fertilizer use 
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Figure 6. Index of Soil Fertility and Nutrient Availability 
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ABSTRACT:  
 
Climate change is now felt as a reality world wide and intensive research work is being carried out on the scale of the change and its impact 
on different sectors. However, the global changes are the totality of the regional scale changes which integrate to form a global scenario. 
More over, the regional scale changes are much more than the global changes in either positive or negative intensities. So also their impact 
at regional scale varies depending upon several factors including socio-economic conditions. In view of the above, studies were carried out 
to assess the regional climate changes in Chhattisgarh state in Central India and their impacts on agriculture have been assessed. It was 
found that the scale of variability is not the same in the entire state. In pockets, the rainfall decreased by 30-35 per cent while in some other 
pockets, the rainfall decreased from 0-5 per cent only. With the changes in rainfall the general climate of the region has also changed. In 
some pockets, the climate changed from ‘moist sub-humid’ type to ‘semi-arid’ and in other pockets it changed from ‘ moist sub-humid’ to 
dry-sub-humid’. Such changes in the rainfall and there by the climate change have influenced the agriculture in the state. Studies revealed 
that the farmers are adopting the climate change by shifting from long duration local rice varieties to short duration high yielding varieties 
(HVY) of rice. It was also observed that during last 3 decades the wheat-growing zone has moved northwards. 
 
 

1. INTRODUCTION 

Climate change has now become a reality and several researchers 
are working on this burning issue by working out the future 
projections as well as assessing the impact in several sectors 
including agriculture. While some researchers especially IPCC  are 
working on global climate change and  its implications, researchers 
in different countries are working on the regional scale climate 

changes. (Rao et al 2008) and the impact on agriculture is very 
location specific which includes soil type, crop, and  even the 
socio-economic conditions of the farmers. In view of this it is 
important to assess the impact of regional climate changes on 
agriculture. An analysis of the regional climate changes in 
Chhattisgarh state in central India. Fig 1 shows the Chhattisgarh 
state. 

 
Figure 1. Agroclimatic Zones of Chhattisgarh State in India 
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Chhattisgarh state is primarily an agrarian state with rice as a main 

crop cultivated in about 3.6 million hectares during wet season. 

Only about 20-22 per cent area is under irrigation and the rest of 

the area is under rainfed conditions. As such any decline in rainfall 

adversely affects the rice productivity and thereby the state’s 

economy. Thus assessment of the regional climate changes at 

micro-regional level and their impact on agriculture is necessary 

for developing strategies for its mitigation. In view this, an  

analysis has been made to find out the changes, if any, in the 

rainfall pattern of the state in order to assess the impact and work 

out mitigation techniques for the same. For this purpose about 58 

stations in the state with availability of historical rainfall data in 

different districts of the state have been considered. The rainfall has 

been analysed month-wise as well as annual basis too.  The rice is 

cultivated in the state under a typical system of cultivation locally 

known as ‘ direct seeded biasi’( Fig 2). Under this system the rice 

seeds are broadcast in a pre-ploughed rice fields after the arrival of 

monsoon rains. After 30-35 days after sowing and when sufficient 

water is impounded in those bunded rice fields, the fields are 

ploughed in the standing rice crop. This operation is called ‘biasi’. 
This biasi operation is performed for two main reasons. The 

number one is for weed control and secondly for creating semi-

puddled condition for minimizing the percolation losses. 

 
Figure 2. Biasi Type of rice Cultivation Prevalent in 
Chhattisgarh 

Any delay in rainfall during the period of biasi  (usually 20 July to 
5 August), the biasi operation is delayed and hence the productivity 
declines due to heavy weed-rice competition.  

2. RAINFALL CHANGES 

When the national scenario of rainfall changes in India were 
analysed by Rupa Kumar et al (2002), it was found that the rainfall 
in Central India is in decreasing trend while the same is in 
increasing trend in Western and South-west India (Fig 3).  As per 
this macro-regional (national) analysis, attempts were made to 
analyse the rainfall trend in Chhattisgarh region of Central India. 

N 

 

Figure 3. Annual Rainfall Trends Over India ( Rupa Kumar 2002) 
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It was observed that in some stations the rainfall is decreasing in a 
very alarming way and thus, the rice crop is often failing in those 
areas. For example the annual rainfall of Mahasamund had 
decreased from 1800 mm in the beginning of the century to about 
800-900 by the end of 20th century. (Also at Kanker the annual 
rainfall decreased from 1600 mm to about 900 mm during the last 
century (Fig 3a and 3b) 
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Figure 3a. Rainfall Pattern During Last Century at 
Mahasamund 

Pattern of annual rainfall and its 5 year moving average 
and trend line at Kanker from 1927-2000
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Figure 3b. Rainfall Pattern During Last Century at Kanker 
 

3. CLIMATE CHANGES 

As a result of the decreasing rainfall the climate of Mahasamund 
had changed from moist sub-humid type to semi-arid type and if 
the same trend continues the climate of Mahasamund may change 
even to arid type of climate (Figure 4a). In the other words the 
desertification process has just started in Mahasamund district of 
Chhattisgarh state. Also, the soils of this district are sandy and 
sandy loam as it is called the Trans-Mahanadi area and Mahanadi 
the biggest river of Central India. The other characteristics of 
deserts are raising dust, rainfall concentrated in a couple of months 
and rest of the year, it is dry. All these characters of desert confirm 

the desertification process in the district (Sastri and Urkurkar 
1996). 

Climatic fluctuations in Mahasamund durig 1906-2000
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Figure 4a. Climate Change Scenario at Mahasamund 

Climatic fluctuations in Kanker during 1927-2000
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Figure 4b. Climate Change Scenario During Last Century at 
Kanker 

 
When the long term rainfall records of about 58 stations of 
Chhattisgarh state were analysed it was found that the rainfall is 
changing in the state from 35 per cent in some localities to as low 
as 5 per cent in some other localities (Fig 5). 

 

Figure 5. Spatial Variation of Rainfall Pattern in Chhattisgarh 

4. FARMERS’ ADAPTATION 
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The farmers earlier used to grow long duration tall varieties of rice, 
which flower in mid-October and mature by mid November. As a 
consequence of decreasing rainfall trends, especially in the month 
of October (Fig 6), the long duration varieties started failing and 
farmers started taking early or medium duration rice varieties since 
last few years (Table 1) 

Year Local Varieties 
(Area: ‘000 ha) 

Improved Varieties 
(Area: ‘000 ha) 

 
 Transplanted Direct 

Seeded 
Transpla

-nted 
Direct 
Seeded 

2008 166.8 1422.7 1361.9 1672.8 
2002 176.2 1779.4 584.2 1356.7 

Table 1. Changes of Local Varieties to Improved Varieties in 
Chhattisgarh During Last 6 Years. 

 
Thus the area under local varieties started decreasing since last few 
years. 

Post-monsoon (October-November)  rainfall at Raipur
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Figure 6. Pattern of October Rainfall at Raipur 

5. TEMPERATURE CHANGES 

During winter months the temperatures started slightly increasing 
in the state during last 2-3 decades( Fig 7a & 7b) 

 
Figure 7a. Decreasing Pattern of December Temperature  
at Raipur 
 

Even in November month the maximum temperature started 
increasing and hence, the wheat sowings in November is affected 
even though the farmers take early duration rice varieties 

 
Figure 7b. The Temperature Pattern in November at Raipur  

 
6. CHANGES IN CROPPING PATTERN 

Due to changes in rainfall during kharif season and temperature in 
rabi (winter) season, there are changes in the crops and crop 
rotations in the state For example, the rice area in the state in 
continuously decreasing. Because of decreasing rainfall pattern , 
rice is failing in fragile ecosystems like upland areas and as a result 
the rice area is decreasing as shown in figure 8. 
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Figure 8. Decreasing Trend of Area of rice Crop During Last 
Few Years 
The decreased area of rice is being replaced with other pulses and 
oilseed crops like soybean ( Fig 9) 

Soybean y = 11.374x + 28.534
R2 = 0.8479

0.0

30.0

60.0

90.0

120.0

150.0

2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-07
Years

A
re

a 
('0

00
 h

a)

Area ('000 ha) Trend line

 
Figure 9. Increasing Trend of Soybean Crop in Chhattisgarh 
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Similarly during winter (rabi) season, the area of wheat is in 
decreasing trend as evidenced by the decreasing growth rates of 
wheat during 90s decade as compared earlier decades as shown in 
figure 10 

Shift in wheat area during last three decades (1971-2000)

In Chhattisgarh

1971-1980 1981-1990 1991-2000

Growth Rate 
(%)

 
Figure 10. Decreasing Growth Rates of Wheat in 90s Decade as 
Compared to 70s and 80s Decade 

 
The decreased area under wheat is mainly being replaced with 
chickpea crop (Fig 11) which requires less water as well as 
short and mild winters as compared to wheat 
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Figure 11. Increasing Area Under Chickpea During Last 
Decade in Chhattisgarh State 
 

 
 

7. FUTURE STRATEGIES 

In view of t6he changing climate scenario both from decreasing 
rainfall in wet season and increasing temperatures during winter 
season, there is a need to review the existing cropping pattern at 
micro-regional level and work out strategies for improvement in 
the agricultural economy of the state. Some of the strategies to be 
considered are 

 Change in cropping pattern 

 Changes in crop rotation 

 Water conservation through rainwater harvesting and 
recycling  

 Breeding drought resistant varieties suitable to a given 
location 

 Managing the village tanks with proper maintenance of 
catchment area as well the de-siltation of the tanks. 

 Thus, the regional climate changes are detrimental for crops and 
crop production and necessary location-specific technologies need 
to be developed. 
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ABSTRACT:  
   
An attempt is made to study the spatial and temporal changes in meteorological parameters that are likely to take place over the Indian 
monsoon region when CO2 doubles from the present level. We use the most comprehensive multi-model perspectives of climate changes as 
of today generated as part of IPCC-AR4, archived at the Program for Climate Change Model Diagnosis and Inter comparison (PCMDI) at 
the Lawrence Livermore National Laboratory, USA for this purpose. We selected 6 out of 15 models for the CO2 doubling studies that 
produce the annual cycle of rainfall over the Indian summer monsoon region reasonably well in the 20th century experiments. The CO2 

doubling simulations by these 6 models suggest that the rainfall rate over the India monsoon region is likely to increase during the entire 
year except the spring season. During summer monsoon season, peak rainfall increase (>3 mm day-1) is seen over the head Bay of Bengal 
and adjacent regions. 
 
 

                                                                 
∗ v.sathiyamoorthy@gmail.com 

1. INTRODUCTION 

Assessment Report-4 of the Intergovernmental Panel on Climate 
Change (AR4-IPCC) suggests that the global mean surface 
temperature is likely to increase at the rate of 0.2°Cdecade-1 for the 
next two decades due to various anthropogenic activities (IPCC, 
2007). According to physical laws, this increase in surface 
temperature is expected to increase the moisture content of the 
atmosphere (Trenberth et al, 2005) and ultimately rainfall. The 
climate models help us to estimate the changes in meteorological 
parameters due to this likely increase in surface temperature up to 
some confidence. Studies suggest that though general circulation 
models are improving in simulating the mean global climate, their 
performance at regional scale still remains challenging (e.g. 
Randall et al. 2007, Bollasina and Nigam, 2009).In this work, we 
attempt to study the spatial and temporal changes in rainfall that is 
expected to take place over the Indian monsoon region when CO2 
doubles from the present level using Coupled Global Climate 
Models (CGCMs) that have participated in the IPCC-AR4. 

2. DATA 

We use the most comprehensive multi-model perspectives of 
climate changes as of today generated as part of IPCC-AR4, 
archived at the Program for Climate Change Model Diagnosis and 
Inter-comparison (PCMDI) at the Lawrence Livermore National 
Laboratory, USA for this purpose 
(http://www.pcmdi.llnl.gov/ipcc). Standard outputs of two 
experiments namely 20th Century simulation (20c3m) and 1% CO2 
increase (1pctto2x) simulation of 15 Coupled Global Climate 
Models (CGCM) were collected for analysis from PCMDI (Table. 
1). There is a fairly large range in the horizontal resolution of these 

models varying from 1.125° lat. ×1.25° lon. to 4° lat. ×5° lon. The 
20c3m simulations attempt to replicate the overall climate 
variations during 1850 – present by imposing best estimates of 
natural (solar radiation, volcanic aerosols) and anthropogenic 
climate forcing (green house gases, sulfate aerosols, ozone, etc). In 
the 1pctto2x experiments CO2 concentration is increased by 1% 
every year until it doubles (70th year) and then hold the CO2 
concentration at this constant level for an additional 150 years. 

3. RESULT AND DISCUSSION 

3.1 Comparison of Rainfall Simulations by CGCMs Over 
Indian Monsoon Region in 20th Century Experiment 
with Observation 

In Fig-1(a-b), 30-year (1971-2000) average annual cycle of rainfall 
rate simulated by these 15 models over the Indian monsoon region 
[65°E-95°E; 5°N-35°N] in 20c3m simulations are shown along 
with satellite observed rainfall from Global Precipitation 
Climatology Project (GPCP, Gu et al, 2007).  Out of the 15 models, 
6 models capture the annual cycle of rainfall well (Fig. 1a) and the 
remaining 9 models (Fig. 1b) capture it poorly (e.g. shift in rainfall 
peak, absence of annual cycle, etc) when compared with the GPCP 
rainfall. 

In Fig. 2, 30-year mean rainfall rate averaged during the summer 
monsoon season (June to September) by the 6-models that captured 
the annual cycle reasonably well along with GPCP rainfall rate are 
shown. Though there are large discrepancies among the models in 
simulating the spatial distribution and rate of rainfall, they 
reproduce the large scale features such as heavy rainfall rate over 
windward side of western ghats, north Bay of Bengal and less or no 
rainfall over the Pakistan/North Arabian sea regions well. The 
GISS models overestimate rainfall over the head Bay of Bengal 
and adjacent land regions and underestimate it over north India.  
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3.2 Projected Rainfall Change due to CO2 Doubling 

We analyze the “1pctto2x” experiments of 6 select models that 
have simulated the annual cycle reasonably well to study the 
rainfall changes over Indian summer monsoon region due to CO2 

doubling.  

In Fig. 3, the annual cycle of rainfall rate over Indian monsoon 
region (a) before and (b) during CO2 doubling by 6-selected 
models are shown. The multi model ensemble (MME) of rainfall 

averaged during 1981-2000 in the 20c3m experiments (represents 
the CO2 of present level) and MME of rainfall averaged during 51-
70th years of 1pctto2x (represents the CO2 during doubling) 
simulation are shown in this figure. It is obvious in Fig. 3 that the 
overall shape of annual cycle and the seasonal march of rainfall 
would not change in a warming environment caused by CO2 
doubling. This means that the monsoon season will be during June 
to September months with peak rainfall during July and August 
months. But the rainfall rate would increase by ~0.5 mm/day 
particularly during the monsoon season due to doubling of CO2. 

No IPCC Model ID Modeling Group Description 
1 cccma_cgcm3_1 Candian Centre for Climate Modeling T63L31 
2 cnrm_cm3 CNRM, France T47L31 
3 gfdl_cm2_0 GFDL, US 2.5latx2.0lat, L24 
4 gfdl_cm2_1 GFDL, US 2.5 atx2.0lat, L24 
5 giss_model_e_h GISS/NASA, USA 4latx5lon 
6 giss_model_e_r GISS/NASA, USA 4latx5lon 
7 iap_fgoals1_0_g IAP, China 2.8latx2.8lon L26 
8 inmcm3_0 INM, Russia 5lonx4lat, L21 
9 ipsl_cm4_v1 Institut Pierre Simon Laplace, France 3.75lonx2.5lat 
10 miroc3_2_hires CCSR, University of Tokyo & JAMSTEC T106L56 
11 miroc3_2_medres CCSR, University of Tokyo & JAMSTEC T42L20 
12 mpi_echam5 Max Planck Institute Meteorology, Germany T63L31 
13 ncar_ccsm3_0 NCAR, USA T85L26 
14 ukmo_hadcm3 Hadley Center for Climate Prediction Research, K 2.75latx1.875lon 
15 ukmo_hadgem1 Hadley Center for Climate Prediction Research, K 2.75latx1.875lon 

Table 1: Climate Modeling Groups Participated in IPCC-AR4 

        3.3 Projected Changes in Rainfall Pattern due  
to CO2 Doubling 

The changes in rainfall rate simulated by the select 6-models 
during summer monsoon season (June to September) before (first 
10-years) and after CO2 doubling (last 10 years) are shown in 
Fig.4. All the models suggest an increase in rainfall over head Bay 
of Bengal and adjoining regions. This increase suggests that the 
Bay of Bengal branch of monsoon current may intensify due to 
global warming by doubling of CO2. Only the 
MIROC3_MEDRES model shows considerable decrease in rainfall 
over central and northern parts of India. 
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Figure 1. The 30-year Average Monthly Mean Rain Rate 
(mm/day) Simulated by 15 CGCMs  in 20c3m Simulations 
Along with Observation. (a) Models Simulate the Shape of the 
Annual Cycle Well; (b) Models Simulate the Annual Cycle 
Wrong 

 

Figure 2. The 30-Year Mean Rain Rate (mm/day) Averaged 
During the Summer Monsoon Season (June to September) by 
the 6 Models (20c3m runs) that have been Selected for Analysis 
along with GPCP Rain Rate 
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Fi.gure 3.  Annual Cycle of Rainfall Rate (mm/day) Simulated 
by 6 Models (Multi Model Average) in 20th Century and During 
CO2 Doubling  

 

Figure 4. Spatial Distribution of Rainfall Change before and 
During the Doubling of CO2 Simulated by 6 Select Models 

 
4. SUMMARY 

We analysed rainfall simulated by 15 models that have participated 
in the IPCC-AR4 to study the likely changes in rainfall over India 
during the summer monsoon season due to doubling of CO2. We 
selected 6 out of 15 models that have simulated the annual cycle of 
rainfall reasonably well over the Indian region in the 20th century 
experiments for rainfall projection study. The multi-model 
ensemble of rainfall simulated by 6-selected models in the 
doubling of CO2 experiment suggest an increase in rainfall rate 
over the Indian summer monsoon region during entire year expect 
spring. Also 5 out of the 6 models suggest an increase in rainfall 
over the head Bay of Bengal and adjoining regions. 
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ABSTRACT:  
 
Crops consume water through the process of evapotranspiration and water consumption varies from crop to crop that is also influenced by 
climate of a region. The agricultural water consumption pattern varies spatially as well as temporally across the regions depending on 
cropping systems that characterize them. This variation can be classified and grouped in terms of agricultural water footprints of the region. 
In the present study, Tungabhadra reservoir catchment of Tungabhadra sub basin in Karnataka has been considered to identify and 
characterise different crop regions using satellite derived data, and evaluate geographically varying agricultural water footprints under 
existing climatic conditions. Crops in Tungabhadra catchment are grouped primarily into, rain fed and irrigated. Crop water requirements 
are computed for these major crop regions through FAO’s Penman-Monteith equation using basin scale climatological data. Regions of 
water abundance and water deficit are identified based on rainfall pattern and surface water storages. Point observations of weather data 
made through Automatic Weather Stations (AWS), installed within and around the basin by ISRO are processed to obtain spatially varying 
monthly climatic patterns, which are representative of three crop seasons of the current year. For these climatic patterns, estimates of 
evaporating power of atmosphere and crop water requirements are obtained. Based on this, five water footprints in the catchment are 
identified and regions of water abundance and crop stress are highlighted.  In order to draw up adaptation strategies for vagaries due to 
climate change, crop water requirements in the zones of agricultural water footprints are simulated for an assumed climate change scenario 
of temperature increase. Impacts on water footprints vis a vis climate change condition are studied further, and appropriate adaptive 
strategies and water management aspects, are discussed. 
 
 

                                                                 
∗Corresponding Author 

1. INTRODUCTION 

Any change in climate is likely to impact agriculture. The change 
could be in terms of temperature, precipitation, or any other 
climatic parameters. Considerable study has gone in to question of 
just how farming might be affected in different regions, and how 
much. Researchers have come out with different climate 
projections, of which some relating to the degree of temperature 
and its geographic distribution, and some others pertaining to the 
concomitant changes likely to occur in the precipitation patterns 
that determine the water availability to crops, and to the 
evaporative demand imposed on crops by the warmer climate. 
However, it may be noted that there exist several uncertainties that 
limit the accuracy of these projections. Further, the problem of 
predicting the future course of agriculture in a changing 
environment is compounded by the fundamental complexity of 
natural agricultural systems. The problem can be well addressed by 
means of identifying and defining various agricultural water 
footprints that characterize a region. Obtaining information on 
different crop systems and quantifying the water requirements 
through space based technological inputs such as remotely sensed 
data and data from Automatic weather Stations (AWS) will make it 
possible to achieve. Hoekstra and Chapagain (2008) define the 
water footprint as the total volume of water that is used to produce 
the goods and services consumed by an individual or community. 
As per this definition, the agricultural water footprint is indicative 
of the amount of water used to produce agricultural products 
consumed by an individual or community. We in this paper, define 

the agricultural water footprint as the crop water requirement in an 
unique cropping system environment because, it provides an 
appropriate framework to find potential solutions and contribute to 
a better management of water resources, particularly at changing 
scenarios of climate. The objectives of the paper include, 
identification and delineation of various agricultural crop systems 
in a hydrological terrain unit, assess the crop evaporative potential 
of the atmosphere during the current year’s crop mid season 
climatic condition and for a hypothetical changed climate scenario 
of increased temperature, analyze the crop water requirements, vis 
a vis, the rainfall pattern and suggest potential adaptation measures. 

2. STUDY AREA 

Tungabhadra reservoir catchment located in Karnataka state of 
India is considered for the study. Tungabhadra river is a tributary of 
Krishna river that flows towards east and joins Bay of Bengal. 
Tunga and Bhadra are the two important tributaries of 
Tungabhadra river and they originate from eastern parts of Western 
ghats region. The geographical area of Tungabhadra reservoir 
catchment is about 28860 sq.km. This catchment area is divided 
into four watersheds. The study area map depicting drainage 
systems and watershed boundaries is shown in Figure 1. The 
upstream portion of the study area is located in hilly terrain while 
the downstream portion consists of undulating terrain and plains. In 
hilly terrains of the study area, density of vegetation consisting of 
forests and agricultural plantations is high. In plains and undulating 
terrains two contrasting vegetation cover conditions are observed. 
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One is the dense vegetation cover in canal commands and the other 
is the sparse and poor vegetation cover in rain fed areas. Major 
principal crops in the catchment include, paddy, ragi, jowar, bajra, 
maize, sugarcane, groundnut and cotton. Major non-food crops 
seen in the study area are coffee, tea and tobacco. 

 

Figure 1. Study Area Map Showing Watersheds (Numbered) 
and Surface Water Bodies 

3. SATELLITE DATA DERIVED CROPPING  
SYSTEMS MAP 

State wise landuse/landcover map on 1:50000 scales prepared for 
Karnataka using satellite data of IRS LISS III under National 
(Natural) Resources Information System (NRIS) program of the 
Department of Space, Government of India, are used to identify 
and demarcate various cropping systems in the study area. Four 
major distinct crop regions of kharif and rabi crops, kharif crops, 
rabi crops and agricultural plantations are defined as basic units for 
agricultural water footprint characterisation (Fig. 2). The basis for 
such a grouping is that the physiological condition of all the crops 
in a particular group is likely to be more or less similar and their 
water consumption rates are expected to be almost the same. 
‘Kharif-only’ crops are grown with source of rainwater mainly 
from southwest monsoon supported by tank and or well irrigation. 
‘Rabi only’ crops are grown mostly in black soil regions of the 
catchment with the support of northeast monsoon rains and other 
supplementary sources of water. Regions of both kharif and rabi 
seasons are mainly the canal command areas wherein water 
intensive crops such as paddy are grown. The agricultural 
plantation regions are found predominantly in the hilly district of 
Chikkmagalur with non-food crops such as coffee and tea. 

 

Figure 2.  Distinct Cropping Systems of the Catchment 

4. AGRICULTURAL WATER FOOTPRINTS 
IDENTIFICATION 

4.1 Evaporative Power of Atmosphere 

We have identified four different crop regions and each of them is 
considered to be one of the agricultural water footprints of the 
catchment. The most important component of water requirement in 
these regions is crop water consumptions through the process of 
evapotranspiration. Evapotranspiration is crop specific and is also 
controlled by the climate of the region. Climate dictates the 
evaporative power of atmosphere. The climatic parameters 
influencing evapotranspiration include surface air temperature, 
humidity, wind speed and radiation. The FAO suggests reference 
crop evapotranspiration (ET0) as a measure of evaporative power 
of atmosphere (Allen et al., 1998). From the original Penman-
Monteith equation and the equations of the aerodynamic and 
canopy resistance, the FAO Penman-Monteith equation has been 
derived and is given as, 

ET0 = 
( ) ( )
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Where     ET0 reference evapotranspiration  [mm day-1], 

 Rn net radiation at crop surface [MJ m-2 day-1], 

 G soil heat flux density [MJ m-2 day-1], 

 T air temperature at 2 m height [0C], 

 u2 wind speed at 2 m  height [m s-1], 
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 es saturation vapour pressure [kPa], 

 ea actual vapour pressure [kPa], 

 (es - ea) saturation vapour pressure deficit [kPa], 

 Δ slope  vapour pressure curve [kPa 0C-1], 

 y psychrometric constant [kPa 0C-1]. 

The FAO Penman-Monteith equation determines 
evapotranspiration from a hypothetical grass reference surface and 
provides a standard to which evapotranspiration in different periods 
of the year or in other regions can be compared and to which 
evapotranspiration from other crop groups can be related.  

4.2 Time Step 

Evaluation of water footprints across the study catchment has been 
done at monthly time steps. Notwithstanding the non-linearity in 
the Penman-Monteith equation and some weather parameter 
methods, mean monthly weather data   can be used to compute the 
mean monthly values for the reference evapotranspiration. Mid 
season months of each of the three crop seasons of 2008-2009, viz., 
December 2008 for rabi, April 2009 for summer, and August 2009 
for kharif are considered for the study. 

4.3 Climatic Data 

Climatic data required for mid season months of 2008-2009 are 
synthesized from weather data recorded by Automatic Weather 
Stations (AWS) installed in and around the study catchment. As 
many as 33 AWS locations are chosen and spatial distribution of 
them is depicted in Figure 3. 

 

Figure 3.  Location of Automatic Weather Stations (Each 
Station is Numbered) 

For each location, ET0 estimations are made from monthly data of 
minimum and maximum of temperature and relative humidity, and 

daily mean of temperature and wind speed. Radiation calculations 
are made using monthly average daily sunshine duration. 

4.4 Agricultural Water Footprints 

ET0 values in mm/day obtained for every point location are used to 
generate interpolated raster data in GIS environment. Contours at 1 
mm/day interval are then derived for all the three months and are 
depicted in figure 4. These ET0 contours clearly bring out the 
evaporative power of the atmosphere that prevailed over the 
catchment during mid crop season months of 2008-2009. However, 
these estimates are made for the terrain covered uniformly with the 
reference crop, which is defined as a hypothetical crop with an 
assumed height of 0.12 m, with a surface resistance of 70 s m-1 and 
an albedo of 0.23, closely resembling the evaporation from an 
extensive surface of green grass of uniform height, actively 
growing and adequately watered. To obtain actual crop 
evapotranspiration, we need to use appropriate crop coefficient 
(Kc) that in some way explains the crop’s biophysical ability to 
transpire relative to reference grass surface. Also, these coefficients 
may have to be adjusted for variation in agronomic and field 
conditions to account for differences in evaporation from soil 
surface. The FAO’s guidelines in this regard has been considered 
and the following Kc values are assigned for the four crop regions: 

 

Figure 4. Contours of Evaporative Power of Atmosphere for the 
Current Year in mm Day-1     

 Kc = 1.20 for kharif and rabi crop groups, 

 Kc = 1.10  for kharif  crops  group, 

 Kc = 1.05 for rabi  crops  group, and 

 Kc = 1.25 for agricultural plantations group. 

The actual crop evapotranspiration 'ETa' is then obtained by 
multiplying ET0 with Kc. It may be observed from figure 4 that 
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there is a gradual decrease of evaporative power of atmosphere 
from lower catchment to upper catchment areas. Based on the 
above, the study catchment may be divided into two ET0 zones; 
one in north and the other in south. It is further noticed that the 
crops group regions, except kharif crops group region, are confined 
more or less with in one of the two ET0 zones. These observations 
suggest that the kharif crops group region can be split in to two to 
form two different agricultural water footprints. And thus now, 
there are five distinct agricultural water footprints on the study 
catchment and they are indicated in figure 5, with some 
generalization of the boundaries. Of the many, AWS point-data, 
some are identified as representing a particular zone of water 
footprints. Table 1 provides computed ET0 values at these AWS 
locations. Footprint wise values of ETa and the corresponding daily 
average rainfall are provided in Table 2. 

 

Figure 5. Agricultural Water Footprints of the Catchment 
(Boundaries Generalized) 

ET0 mm/day 
 S. No. AWS 

No. 
Footprint 

zone 
Dec. Apr. Aug. 

1 326 1 2.8 4.2 3.9 
2 317 2 2.5 4.0 2.7 
3 457 3 6.6 - - 
4 460 3 - 8.6 6.4 
5 462 4 5.8 9.3 5.6 
6 458 4 - - - 
7 459 4 - 7.0 5.3 
8 15 5 4.1 4.0 3.7 
9 323 5 3.6 4.6 - 

Table 1: Reference Crop Evapotranspiration at AWS Locations 
Representing Agricultural Water Footprint Zones 

ETamm/day Rainfall (Total) 
mm/day FP 

No 
Dec. Apr. Aug. Dec. Apr Aug. 

1 3.4 5.0 4.7 0 - 5.3 

2 2.8 4.4 3.0 0 0.3 4.4 

3 7.3 9.5 7.0 - 0.3 4.5 

4 6.1 8.6 5.8 0 0.4 4.7 

5 4.9 5.4 4.6 0 2.0 - 

Table 2: Crop Water Requirements and Rainfall Depths  
of the Current Year  

5. CLIMATE CHANGE SCEANARIO 

According to the Intergovernmental Panel on Climate Change 
(IPCC) panel’s report of 1996, an increase in atmospheric 
concentrations of greenhouse gases equivalent to a doubling of 
carbon dioxide (CO2) will force a rise in global average surface 
temperature of 1.0 to 3.5 degrees Celsius by 2100 (Pierre Crosson, 
1997). In the present study, uniform temperature increase of 2°C is 
assumed to visualize the emerging scenario of changing 
evaporative power of atmosphere and the possible implications on 
agriculture in the catchment. ET0 computations are made again 
using the FAO Penman-Monteith equation for mid crop season 
months for 2°C temperature increase. ET0 contours are generated 
and are presented in figure 6. 

 

Figure 4. Contours of Evaporative Power of Atmosphere for 
Temperature Increase of 2°C in mm day-1 

It is seen that the evaporative power of atmosphere has been 
increased, though in a varying degree across the water footprint 
regions. With increasing temperature, average precipitation may 
also rise as much as 10 to 15 percent, as a warmer atmosphere can 
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hold more water. Considering the same cropping system in the 
catchment, the ETa values are computed for the nine AWS points 
and the computed values are given along with 10 percent increased 
rainfall values, in Table 3. 

ETa 
mm/day 

Rainfall (Total) 
mm/day FP 

No Dec. Apr. Aug. Dec. Apr Aug. 
1 3.5 5.2 4.9 0.1 - 5.8 
2 3.0 4.6 3.1 0.1 0.3 4.8 
3 7.6 9.8 7.4 - 0.3 5.0 

4 6.4 8.9 6.0 0 0.4 5.2 

5 5.0 5.5 4.8 0 2.2 - 

Table 3: Crop Water Requirements and Rainfall Depths  
of the Current Year 

6. WATER MANAGEMENT ISSUES 

From Table 2 it is found that actual evapotranspiration is higher 
than the average daily rainfall amount in all the water footprint 
zones and in many of the corresponding months. When only 
effective rainfall, which is available for crops at root zones, is 
considered, the deficits become more. Table 3 indicates that the 
rise in surface temperature has increased water requirement further. 
Though, there may an increase in rainfall as a result of rise in 
temperature, it is not certain that all will be available for crops at 
root depths. In such a scenario, crops region supported with other 
sources of irrigation will be able to make up the deficits through 
storage control and management. Thus, water management in 
water footprints representing ‘kharif and rabi’ and ‘kharif only’ 
crop regions, by storage control measures will be effective towards 
adapting the temperature increase situation.  On contrary, rainfed 
areas with no supplementary irrigation will experience stress and as 
a result crop yield will reduce. However by employing appropriate 
soil moisture conservation practices, such as mulching and 
rainwater harvesting, crop water requirement may be met. Water 
footprints representing ‘rabi only’ and ‘agricultural plantations’ 
come under this category. 

7. SUMMARY AND CONCLUSION 

Four distinct crops group regions are delineated in the Tungabhadra 
reservoir catchment using satellite data derived landuse/landcover 
layer. The evaporative power of atmosphere during crop midseason 
months of 2008-2009, viz., December 2008, April 2009 and 
August 2009 representing rabi, summer and kharif seasons, 
respectively has been obtained by processing weather data from 
Automatic Weather Stations. 

Crop coefficients are used to estimate crop water requirements 
during corresponding monthly periods. Five agricultural water 
footprint regions are then identified as having varying crop water 
requirements. Rainfall data analysis revealed that the effective 
rainfall amount is lesser than the crop water requirement in all the 
footprint zones. For a climate change scenario of 2°C temperature 
rise, the crop water requirement in each footprint zone is computed. 
It is noticed that the crop water deficits increased further. However, 
there is scope for adapting such a climate change situation in water 
footprint regions, where in surface storages such as tanks and 
reservoirs are present, by storage control measures.  In other 
footprint regions, it is suggested that the adaptation measures 
would be based on soil moisture conservation practices.                  
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ABSTRACT:  

The effects of climate change on hydrological regimes have become a priority area for water and catchment management strategies. The 
terrestrial hydrology driven by monsoon rainfall plays a crucial role in shaping the agriculture, surface and ground water scenario in India. 
Thus, it is imperative to assess the impact of the changing climatic scenario projected under various climate change scenario towards the 
hydrological aspects for India. Runoff is one of the key parameters used as an indicator of hydrological process. A study was taken up to 
analyse the climate change impact on the runoff of river basins of India.  The Global Circulation Model (GCM) output of Hadley centre 
(HADCM3) projected climate change data was used. Scenario for 2080 (A2 scenario indicating more industrial growth) was selected. The 
runoff was modeled using the Curve Number (CN) method in spatial domain using satellite derived current Landuse/cover map. The 
derived runoff was compared with the runoff using normal climatic data (1951-1980). The results showed that there is a decline in the 
future climatic runoff in most of the river basins of India compared to normal climatic runoff. However, significant reduction was observed 
for the river basins in the eastern region viz: lower part of Ganga, Bahamani-Baitrani, Subarnrekha and upper parts of the Mahanadi. The 
mean runoff reduction during 4 months (June- September) were 66 mm, 110 mm, 120 mm and 113 mm for Brahmaputra-Barak 
Subarnrekha, Subarnarekha and Brahmini-Baitrani basin, respectively in comparison to normal climatic runoff. Overall seasonal (June to 
September) runoff reduction was high for Subarnrekha basin (54.1 %). Rainfall to runoff conversion was high for Brahmaputra-Barak 
basin (72 %), while coefficient of variation for runoff was more for Mahanadi basin (1.88). Study indicates that eastern India agriculture 
will be affected due to shortage of surface water availability. 
 
 

1. INTRODUCTION 

Information about the extent, spatial distribution and temporal 
variation of runoff at regional scales is essential to understand its 
influence on regional hydrology, as well as conservation and 
development of land resources. Conventional techniques of runoff 
measurement are useful, however in most cases such measurements 
are very expensive, time consuming and difficult. Therefore, 
rainfall-runoff models are commonly used for computing runoff. 
The Soil Conservation Service (SCS, 1985) curve number method, 
which is a versatile and widely used approach for quick runoff 
estimation and also relatively easy to use with minimum data and 
give adequate results (USDA, 1986; Schulze et al., 1992; SCS, 
1972; Chatterjee et al., 2001; Bhuyan et al., 2003) was used. 
Generally, this model is well suited for small watershed of less than 
250 km2, as it requires details of soil physical properties, land use 
and vegetation condition (Ponce and Hawkins, 1996; Sharma et al., 
2001). Therefore, so far it has been used mostly as lumped (taking 
the average value of the study area) model at watershed scale 
(Miloradov and Marjanovic, 1991; Rao et al., 1996; Kumar et al., 
1997; Pandey et al., 2002; Nayak and Jaiswal, 2003). But, 
advances in computational power and the growing availability of 
spatial data from remote sensing techniques have made it possible 
to use hydrological models like SCS curve number in spatial 
domain with satellite remote sensing data and Geographic 
Information System (GIS) (Moglen, 2000). In the present study 
SCS model was used to estimate runoff at National scale and 
results were analyzed at 10 km spatial and monthly temporal scales 
during normal climatic (1951-1950) and projected climatic 
scenario (2080 projections from HADCM3).   

2. STUDY AREA 

The water resources of India drain from 17 major drainage basins 
(Fig. 1).  

 

Figure 1. Major River Basins of India (Study Area) 
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These basins are namely, Indus, Ganga, Brahmputra including 
Barak & others (BH-BRK), Luni and rivers of Saurastra (LRS), 
Sabarmati, Mahi, Narmada, Brahmani-Baitrani (BR-BT), 
Mahanadi, Godavari, Rivers between Mahanadi and Godavari 
(BMG), Tapi, Krishna, Rivers between Krishna & Cauvery (BKC), 
Cauvery, West and South coast rivers (WSCR) and Subarnarekha. 

3. DATA AND ANALYSIS 

3.1 Land Use/Cover 

Land use/cover map was generated over India using IRS-WiFS 
data with 35 land cover types were generated (P K Joshi et al., 
2006). The SPOT sensor (operates in four spectral bands red, blue, 
NIR and SWIR regions) 10 day composite NDVI images were 
downloaded from internet (www.free.vgt.vito.be). Multi-date 
SPOT NDVI data was used to prepare NDVI profiles of various 
land cover classes. An attempt has been made by studying the 
NDVI profiles to stratify the different vegetation classes keeping in 
mind hydrological requirements (canopy, flow to retardance etc.) 
of land cover classes. Hydrological land cover map is presented in 
Fig. 1. NDVI profiles were used to discriminate the cultivated areas 
into good, fair and poor categories.  

3.2 Hydrological Soil Group (HSG) 

Soil texture map was used from Survey of India (SOI, 1978). There 
are fourteen soil textures over India. Soil textures were used to 
prepare HSG map considering the soil infiltration and drainage 
characteristics (SCS, 1972). Area under different hydrological soil 
groups (A to D; high to low infiltration) were calculated and 
validated with the reported area. In the present study, area under 
different soil groups were found 9%, 51%, 17% and 23% 
(percentage calculated considering total 319 Mha area) for the A, 
B, C and D groups of soils, respectively. While, the reported areas 
are 11%, 54%, 16% and 19% (percentage calculated considering 
total 328 Mha area) for the A, B, C and D type of soils, 
respectively (Dhruvnarayan, 1993).    

3.3 Antecedent Moisture Condition (AMC) 

Daily rainfall data has been downloaded from NOAA Climate 
Prediction Centre (CPC) site ftp.cpc.ncep.noaa.gov/fews/S.Asia for 
the year 2004 and 2007. The AMC is determined by cumulative 
last five days daily rainfall. The AMC is used as index of wetness 
in a particular area. Three levels are used: 

AMC- I: Lowest runoff potential. The soils are dry enough for 
satisfactory cultivation (rainfall < 35 mm) 

AMC- II: Average condition (rainfall between 35 to 52.5 mm) 

AMC- III: Highest runoff potential. The area is practically 
saturated from antecedent rains (rainfall > 52.5 mm) 

4. METHODOLOGY 

4.1 SCS Model 

The SCS model developed by United States Department of 
Agriculture (USDA) computes direct runoff that requires rainfall 
(antecedent soil moisture condition), soil, land cover and the curve 
number (CN), which represents the runoff potential of the land 

cover soil complex (SCS, 1972). This model involves relationship 
between land cover, hydrologic soil class and antecedent soil 
moisture to assign curve number. Following layers were prepared 
for CN based runoff calculation: Since, standard table for CN 
values (ranges from 1 to 100), considering land use/cover and HSG 
are given for AMC-II (Vandersypen et al. 1972). Following 
conversion formulas were used to convert CN from AMC-II 
(average condition) to the AMC-I (dry condition) and AMC-III 
(wet condition) (SCS, 1972): 

For dry condition (AMC-I): 

)IIAMC(CN*058.010

)IIAMC(CN*2.4
)IAMC(CN

−−

−
=−   (1)    

For wet conditions (AMC-III): 

)IIAMC(CN*13.010

)IIAMC(CN*23
)IIIAMC(CN

−+

−
=−   (2)   

Potential maximum retention for a given soil is related to the curve 
number. Losses due to infiltration, detention storage and 
interception were considered as initial abstractions. Vandersypen et 
al. (1972) developed the following relationship between initial 
abstractions and potential maximum retention for Indian 
conditions; for black soil region (AMC-I) and for all other regions: 

S*0.3aI =                     (3)   

Where Ia = initial abstractions and S = potential maximum 
retention. For black soil region (AMC-II and AMC-III): 

S*0.1aI =                   (4) 

SCS, 1972 has shown the derivation of equation of runoff from the 
water balance equation under the critical assumption that the ratio 
of the actual runoff to the potential runoff (rainfall less initial 
abstraction) is equal to the ratio of the actual retention to the 
potential retention.  

( )
( )2SaIP

2
aIP

Q
−+

−
=    (5)   

Where P = rainfall and Q = runoff 

The methodology for runoff estimation using SCS model is shown 
in Fig. 2. 

HSG and land cover class were combined to generate Hydrological 
Soil Cover Complex. Considering the established curve numbers 
for different combinations of HSCC, a base CN map was prepared 
for AMC-II. Antecedent moisture condition maps were prepared 
considering the summation of last five days rainfall. Daily changes 
in the AMC condition and its distribution due to variation in the 
rainfall estimate were used to modify base CN map for AMC-I and 
AMC-III using the formulas presented in equation 1 and 2, 
respectively. These modified CN maps were used to estimate initial 
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abstractions (taking into account black cotton soil), which covers 
losses due to interception, infiltration and detention storage. 
Finally, monthly runoff maps were prepared. Above-mentioned 
procedure to develop monthly spatial runoff was translated in the 
GIS environment using an Arc Macro Language (AML). 

 

Figure 2. Methodology for Runoff Estimation 

5. RESULTS AND DISCUSSION 

Soil conservation service model using inputs like soil, landuse etc. 
were used to model runoff pattern using for the normal climatic 
(1951-1980) and projected (GCM HADCM3-2080; A2 Scenario) 
rainfall conditions. In this section results for SCS model estimated 
runoff for major river basins of India are presented.  

5.1 Normal Climatic Runoff  

It was observed that runoff concentration was high for 
Brahmaputra-Barak (BH-BRK) and West-south coast river 
(WSCR) basins during the monsoon period (June to September; 
Fig.3) as well as for annual period. Month-wise highest total runoff 
values considering all the basins were of 403 mm (BH-BRK), 535 
mm (WSCR), 328 mm (WSCR) and 226 mm (Subarnarekha) for 
June, July, August and September months, respectively. Highest 
and lowest seasonal mean total runoff of 1323 mm and 13 mm 
were obtained for BH-BRK and BKC basins, respectively, 
whereas, coefficient of variation was highest for Subarnarekha 
(3.1) and lowest for BKC (0.2) for total monsoon season runoff. 
The runoff pattern from June-September typically matched well 
with the advancement of monsoon system. The runoff in the 
northern and central region became low for October-December 
period, whereas it was significant in the southern basins like 
Cauvery. This could be re-treating southwest monsoon and the 
north-east monsoon. 

 

Figure 3. Total Seasonal (June to September) Runoff for 
Normal Climatic Year (1951-1980) 

Total annual runoff was high for BH-BRK (1514 mm) and low for 
(75 mm) for LRS basin. Overall rainfall to runoff conversion over 
India considering monsoon season was of 48.3 %. This low and 
high runoff in different basins was because of low/high rainfall 
occurrence and curve number pattern in these basins.  

5.2 Projected Climatic Runoff 

Runoff modelling was extended using the HADCM3 (GCM) 
projected rainfall for the A2-scenario. High runoff concentration 
was observed for BH-BRK, WSCR, Narmada and Godavari basins 
(Fig. 4). Monthly high runoff has been obtained for BH-BRK (337 
mm), WSCR (490 mm), Narmada (272 mm) and WSCR (149 mm) 
basins for June, July, August and September months, respectively. 
Total seasonal runoff was high for WSCR (1173 mm) and low for 
BKC (7 mm), whereas, coefficient of variation varies from 0.25 
(BKC) to 1.81 (Mahanadi). Overall rainfall to runoff conversion 
over India considering monsoon season was of 42.8 %. Total 
annual runoff was high for WSCR (1307 mm) and low for (66 mm) 
for LRS basin. 

 

Figure 4. Total Seasonal (June to September) Runoff for the 
Projected Climatic Year (2080; A2 scenario) 
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5.3 Comparison Between Normal and Projected Runoff 

Runoff analysis results indicate less projected runoff in most of the 
river basins in comparison to the normal climatic runoff (Fig. 5). 
Maximum reduction of runoff was observed in the basins located in 
the  eastern regions like lower part of the Ganga, brahmini-Baitrani, 
Subarnarekha, lower part of the Mahanadi basins. Total seasonal 
(June to September) difference between normal and projected 
runoff varies from –17.3 mm (Indus) to 360.7 mm (Subarnarekha), 
whereas annual runoff difference were ranging from –78.3 mm 
(BKC) to 393.6 mm (Subarnarekha). Overall seasonal and annual 
reductions in the total runoff for the projected climate, over India, 
were of 23.2 Mha, and 20.8 Mha, respectively. Major reductions in 
total annual runoff were of 8.7 Mha (Ganga), 6.5 Mha (BH-BRK) 
and 3.3 Mha (Mahanadi). Basin-wise reported total annual runoff 

(Rao, 1975) were compared with the model-estimated runoff for 
normal climatic and projected climate (2080; A2 scenario) and 
presented in Table 1.  

The accuracy of the input data required to estimate CN is vital for 
accurate runoff calculations. Hence, area under different HSG 
types, calculated in the present study, were confirmed with the 
reported HSG area. In the present study, area under different soil 
types have been found 8.3%, 51.5%, 17% and 23.2% (percentage 
calculated considering total 313 Mha area) for the A, B, C and D 
type of soils, respectively. While, the reported areas were 11.1%, 
53.7%, 16.8% and 18.4% (percentage calculated considering total 
328 Mha area) for the A, B, C and D type of soils, respectively 
(Dhruvnarayan 1993). 
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Figure 5. Major River Basin-Wise Comparison of Rainfall and Runoff Considering Normal and Projected Climate Scenarios 

River Basin Reported 
(1975) 
Mha-m 

Estimated 
Normal 

(1951-1980) 
Mha-m 

Estimated 
Projected 
(2080; A2 
scenario) 
Mha-m 

Ganga 55.0 37.6 29.60
LRS 1.2 5.4 2.12
Sabarmati 0.4 1.4 0.39
Mahi 1.2 2.0 0.83
Narmada 4.0 5.0 5.14
BR-BT 4.4 3.8 1.66
Subarnarekha - 2.7 0.98
Mahanadi 7.1 8.8 6.14
Godavari 11.5 13.2 12.16
Tapi 2.0 2.7 1.18
WSCR 22.7 11.2 18.39
BMG 1.7 2.6 0.60
Krishna 5.8 8.5 8.7
BKC 2.5 7.9 2.5
Cauvery 1.9 4.7 1.9
Indus 7.7 10.0 10.2
BH-BRK 59.7 23.3 34.8

Table 1: Reported and Estimated Runoff for Different Major 
River Basins of India 

CONCLUSION 

SCS model has been used to estimate runoff over mainland of India 
using normal (1951-1980) and projected climatic (2080; A2 
scenario) rainfall along with other inputs like soil and hydrological 
land cover. This model gives quick estimate of generated runoff in 
a particular location with reasonably good accuracy. Rainfall to 
runoff conversion was high (48.3 %) for normal year as compared 
to low (42.8 %) for the projected climate scenario. Runoff results 
indicate less projected runoff in most of the river basins in 
comparison to the normal climatic runoff. Maximum reduction of 
runoff was observed in the basins located in the eastern regions like 
lower part of the Ganga, Brahmini-Baitrani, Subarnarekha, lower 
part of the Mahanadi basins.   
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ABSTRACT:  

Global warming induces steric as well as eustatic rise in sea-level, by thermal expansion and addition of ice-melt water, respectively. 
Although the IPCC (2007) estimated a maximum possible sea-level rise of about 59 cm, more recent estimates show a global average rise 
of 1 m by the 2100 AD. Geomatics-based predictive models on the possible impact of sea-level rise on the agriculture in the coastal regions 
are necessary to initiate appropriate mitigation plans. The present study is an attempt in this direction taking the Andhra Pradesh (AP) coast 
as an example. The land use / land cover pattern of the AP coastal zone was mapped through the interpretation of IRS LISS III imagery 
from 2008. SRTM digital elevation models have been used to interpolate contours at 1 m interval for the entire coastal region. The 
irregularities in the contours thus interpolated were corrected using the landform maps based on the disposition of the beach ridges, 
mudflats, etc. Even when IPCC (2007) estimates of 0.6 m rise in sea level are considered, the area within 2.1 m elevation would be affected 
by the sea-level rise by the 2100 AD along the AP coast since the spring high tide level in the region is 1.5 m. Based on this premise, the 
impact of the predicted sea-level rise on the agriculture in the AP coastal zone is extracted by overlaying the 2.1 m contour on the land use / 
land cover map of the region.  The study revealed that an area of 1906 km2 lie in the present intertidal zone of which aquaculture occupy 
over 231 km2, followed by salt pans which occupy about 96 km2, while the remaining area exhibits mangrove forests, lagoons, mudflats, 
tidal creeks, etc. If the sea-level rises by ~0.6 m (as predicted by IPCC, 2007), the high-tide line shifts landward up to the present 2.1 m 
elevation affecting the land use /land cover in an additional area of 1233  km2 area between the present and future high tide lines. At 
present, aquaculture occupy 499 km2, salt pans of 136 km2, paddy crop occupy about 319 km2, plantations occupy about 279 km2` in this 
region all of which would be affected by the sea-level rise. On the whole, an area of 3139 km2 including all the present intertidal wetland 
ecosystems as well as the area between the present and future high tide lines would be affected along the entire 1030-km-long AP coast 
threatening about 1.29 million people, besides all their economic activities including agriculture, in 282 revenue villages, if the sea-level 
rises even by about 0.6 m. The low-lying Krishna-Godavari delta region in the central part of the AP coast would be the worst affected 
zone with as much as 1706 km2 area including about 894 km2 under various types of agricultural activities lying within 2.1 m elevation. 
 
 

1. INTRODUCTION 

The levels of carbon dioxide and climate change are interlinked 
during most of Earth’s history (Ahn and Brook, 2009; Goodwin et 
al., 2009).  The present global carbon dioxide levels are a 38% 
higher than the levels that hovered around 280 ppm during last 2.1 
million years (Horisch et al., 2009). Human activities of modern 
era such as deforestation, fossil fuel burning, draining of wetlands, 
adoption of modern technology in farming and livestock rearing, 
etc., are the main reasons for the present degraded state of the 
global environment. Initially, the impact of such activities on the 
climate and environment were invisible and insignificant. But with 
the increasing urbanization and industrialization, the impacts began 
to show on the world climate patterns and reached such a level at 
present that it is no more a tomorrow’s crisis but very much a 
today’s growing catastrophe (Alexander and Nasheed, 2009). At 
present (October 2009) the atmospheric carbon dioxide levels are 
384.38 ppm (http://co2now.org/), an increase of more than 100 
ppm from its pre-industrial levels of 260-270 ppm (Wigley, 1983).   

Atmospheric warming leads to increased evaporation of ocean 
water and the resultant increase of water vapour in the atmosphere 

would trap more heat setting in a cascading effect. The 
consequences of global warming both in physical and biological 
world, by and large, reflect the impact of greenhouse gases 
(Rosenzweig et al., 2008; Zwiers and Hegerl, 2008). The 
ramifications of the increased greenhouse gases like carbon dioxide 
in the atmosphere are already visible. The top 11 warmest years in 
the recorded history have occurred in the last 13 years (Finerin, 
2009). Warming of Earth to such a level would lead to severe 
consequences such as increasing frequency of weather conditions 
like droughts, floods and heat waves.   

India, like many other countries, has already started bearing the 
brunt of the extreme weather conditions. For instance, the severe 
drought that crippled many parts of India in 2002 (Mall et al., 
2007), unprecedented floods of 2005 in Mumbai city (Dixon et al., 
2008) and droughts in other parts of India the same year 
(Bhanumurthy and Behara, 2008), and floods in 2008 such as in 
Kosi River basin indicate the impact of global warming.  This year 
(2009) has proved to be much worse in many parts of India, 
especially in the southern state of Andhra Pradesh. The deficit in 
rainfall during 2009 summer monsoon across India is 23% which is 
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comparable to the most severe droughts of 1972 and 2002 in the 
last 100 years (Francis and Gadgil, 2009).  Ironically, the IPCC 
(2007) predictions (as quoted by Khullar, 2009) that ‘more extreme 
droughts, floods, and storms, would become commonplace in the 
future, and that these intense weather conditions would follow in 
close succession to each other, often in the same areas’, appears to 
become a reality if this year’s (2009) experience in the state 
Andhra Pradesh is considered. The state was subjected to a severe 
drought due to the failure of summer monsoon which impaired the 
agricultural operations in the state like elsewhere in the country. 
The kharif crop failed in 971 out of the total 1128 revenue mandals 
in the state. The crop failure was total in about 1.35 million 
hectares while in another 3.4 million hectares the loss was at 50%. 
As the people and the state government were still grappling with 
such a severe drought, a low-pressure system that hovered over the 
Krishna River basin for three days in October 2009 had wreck 
havoc with unprecedented floods affecting five million people and 
destroying whatever crop was standing in several parts of Andhra 
Pradesh within the Krishna River basin. Interestingly, Kurnool 
district which was one among the worst hit by drought was also 
severely affected by the floods including marooning of the Kurnool 
city.  

This kind of increasing severity of the weather phenomena, 
needless to mention, pulls down the agricultural production and 
topples the economy, especially in agrarian countries like India. 
Perhaps, the steep increase in food prices that are currently 
witnessed all over the world is probably the first genuinely global 
effects of greenhouse gas warming, as the demand for supplies is 
aggravated by the drought in food-producing regions (Parry et al., 
2008).  

Apart from this, global warming looks like leading to another 
major disaster along the coastal zones which are by far the most 
densely populated regions of the world. Global warming leads to 
eustatic rise in sea level (Allen and Komar, 2006) due to thermal 
expansion of seawater and addition of ice-melt water (Meehl et al., 
2005).  Already there are evidences of large-scale ice melt in the 
three major ice repositories of the world. The Greenland ice is 
melting at a rate of 239±23 km3 per year (Chen et al., 2006). The 
extent of Arctic sea ice has been decreasing at almost 8% per 
decade since the middle of last century (Stroeve et al., 2007). 
Perhaps the most alarming is the widespread loss of ice in West 
Antarctica (Rignot et al., 2008) contributing to global sea-level rise 
of ~0.36 mm/year (Chen et al., 2008).  On the whole, the climate 
change-induced rise in global sea level is estimated to be 1 - 3 
mm/year (Pielke et al., 2008). IPCC (2007) predicted that the 
global sea level will rise at most 59 cm by 2100.  However, many 
feel that there are inconsistencies in the IPCC estimates (Pielke, 
2008; Pielke et al., 2008; Schiermeier, 2008). More recent 
estimates predict even 1.0 m to 1.5 m rise in sea levels by the end 
of this century (Strohecker, 2008; Milne et al., 2009). The direct 
impact of the sea-level rise is on the coastal zones which, in spite of 
being highly resourceful and densely populated, are low-lying and 
hence would be subjected to accelerated erosion and shoreline 
retreat due to increased wave strength as water depth increases near 
the shore (Pirazzoli, 1996; Pye and Blott, 2006), besides leading to 
saltwater intrusion into coastal groundwater aquifers, inundation of 
wetlands and estuaries, and threatening historic and cultural 
resources as well as infrastructure (Pendleton et al., 2004). The 
increased sea-surface temperature would also result in frequent and 

intensified cyclonic activity and associated storm surges affecting 
the coastal zones (Unnikrishnan et al., 2006). Probably, the 
occurrence of major cyclonic storms with unprecedented intensity 
such as the Super Cyclone that hit Orissa coast in India in 1999; 
Katrina that hit Louisiana state, USA in 2005; Gonu that hit Oman 
in 2007; Sidr that hit Bangladesh in 2007 and Nargis that hit 
Myanmar in 2008 reflect the effects of climate change. 

There are indications that sea levels are increasing along the east 
coast of India too. Studies based on the analysis of long-term tide-
gauge data from various stations along the Indian coastal regions, 
corrections for vertical land movements included, indicated that sea 
levels are rising at a rate of about 1.0 – 1.75 mm per year due to 
global warming (Unnikrishnan et al., 2006; Unnikrishnan and 
Shankar, 2007).   Pronounced erosion even along certain major 
depocentres like deltas of the east coast of India although was 
mainly attributed to anthropogenic forcing (e.g. Baskaran, 2004; 
Hema Malini and Nageswara Rao, 2004; Nageswara Rao et al., 
2008), perhaps reflect the impact of eustatic sea-level rise as well. 
In this background it is necessary to identify the vulnerable sections 
of the coast and assess the possible loss of land and property to 
future sea-level rise. This study, therefore, is an attempt to map the 
vulnerable sections and to estimate the possible loss to the 
agricultural activities along various coastal sectors of Andhra 
Pradesh state using the remote sensing and GIS techniques.  

2. STUDY AREA 

The present study area is the 1030-km-long coast of Andhra 
Pradesh (AP) State including the 300-km-long Krishna-Godavari 
delta front with a very wide coastal zone dominating its central part 
(Fig. 1). The coastal sector north of these deltas is characterized by 
headland-bay configuration with a number of rock promontories 
jutting into the sea, especially over a 185 km stretch on both sides 
of Visakhapatnam city. Therefore, the width of the coastal zone is 
very narrow in this part. The southern side of the Krishna-Godavari 
delta region, however, is again wider with the presence of the 
Penner River delta and Pulicat Lake. In this study, 5-m contour is 
taken arbitrarily as the landward limit of the coast.  The region is 
densely populated with more than 6.5 million people (2001 census) 
living within 5-m-elevation above the sea level including the port 
cities of Visakhapatnam, Kakinada and Machilipatnam. The AP 
coast is known for frequent tropical cyclones and associated floods 
and tidal surges causing loss of standing crops, life and property in 
the region. For example, the 1977 cyclone that was accompanied 
by a 5-m storm surge killed about 10,000 people and 0.2 million 
livestock besides causing enormous damage to standing crops and 
property in the Krishna delta region. The 3 to 4 meter storm surges 
in the 1990 and 1996 killed thousands of people and livestock, 
besides damaging agricultural lands and property in Godavari delta 
region.  

3. METHODS OF STUDY 

The land use / land cover features along the entire Andhra Pradesh 
coast have been interpreted from the IRS P6 LISS III images from 
2008. Initially, all the raw data products were geocoded and 
seamlessly assembled to form a single contiguous image of the 
entire coast. The image was then subset by taking the landward 
limit of the coast up to 5-m contour. In order to generate the 5-m 
contour, digital elevation models (DEM) of the AP coastal area 
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available on the internet from the Shuttle Radar Topographic 
Mission (SRTM) website (www.srtm.csi-cgiar.org) were 
downloaded from which contours at required interval are 
interpolated using the 3-D Analyst module in ArcGIS software.  
All the land use /land cover features within the 5-m elevation along 
the coastal zone of AP were traced through onscreen digitization 
and the area statistics for all the features were extracted. Later, the 
contour lines representing 1.5 m and 2.1 elevations were overlaid 
on the land use/land cover map and the data on various land use 
features and their areal extents were extracted within 1.5 m and 2.1 
m elevations, respectively. The number of villages lying within 2.1 
m elevation was also extracted by overlaying the 2.1 m contour 
line on the geocoded village boundary layer, and the data on 
population within these villages were obtained from the 2001 
Census records. The land use / land cover map of the entire Andhra 
Pradesh coast is further subset to separate out the Krishna-Godavari 
delta region where the impact of the sea-level rise would be more 
significant than any in other part of the region. The area statistics 
on the various features within 1.5 m, 2.1 m and 5.0m contours in 
these deltas are also extracted from the GIS analysis.  

4. LAND USE / LAND COVER 

The area covered within 5 m elevation along the 1030-km-long 
coastal zone of Andhra Pradesh is about 10,026 km2. The area is 
essentially an agricultural region. The land use/land cover map 
prepared based on the interpretation of IRS P6 LISS III images 
showed broad classes of various cultural as well as natural features 
in the region (Fig. 1). About 5027 km2 (50.14%) of the area is 
under seasonal crops of which paddy is the dominant crop. 
Aquaculture has become another major primary economic activity 
in the region spread over 1692 km2 (16.88%). Plantations such as 
coconut, mango, guava, banana and cashew, besides casuarina 
occupy about 1496 km2 (14.92%), especially in the lower reaches 
of the Godavari delta and on the sandy beach ridge zone all along 
the coastal zone of the state. Salt pans are the other cultural feature 
that covers about 232 km2 (2.31%). Apart from these cultural 
features, coastal wetlands such as mangrove swamps, lagoons, 
mudflats, tidal creeks, etc., occupy as much as 1579 km2 (15.75%) 
area, especially fringing the coastline. 

Most part of the Andhra Pradesh coastal zone under study comes 
within the Krishna and Godavari delta region. Out of the total area 
of 10,026 km2, these twin deltas alone account for about 7045 km2 
(70.27%) of the area. Owing to the extremely gentle nature of the 
slope in these deltas, the 5 m contour lies almost 30 km inland here, 
while in the remaining coastal part of the state it runs within 5 – 10 
km inland from the shoreline.  Of all the land use / land cover 
features in the Krishna-Godavari delta region, paddy is the 
dominant crop occupying about 4606 km2 (65.38%). Rich alluvial 
soils and water resources (through dense network of irrigation 
canals as well as plentiful groundwater) of the Krishna-Godavari 
delta region sustain intensive paddy cultivation in both Kharif and 
Rabi seasons. Therefore almost  91.63% of the paddy area  within 
5 m elevation along the AP coast is in the Krishna-Godavari deltas 
alone (Fig.2).  It may be noted that the Krishna-Godavari twin delta 
region is known as the rice-bowl of Andhra Pradesh. Apart from 
paddy, aquaculture is also prominent in the twin delta region. Out 
of the total 1692 km2 area under aquaculture along the entire coast, 
as much as 1427 km2 (84.34 %) is within these deltas. The 
extensive mudflats and tidal creeks made the area conducive for the 
development of prawn culture. Besides, the entrepreneurial farmers 

in the region have converted some of their cropland into aqua-
ponds for fish culture in a big way utilizing the available freshwater 
resources (irrigation canals/groundwater). Plantations such as 
coconut, mango, guava and banana are commonly found in some 
parts of these deltas. Casuarina occupies mostly the sand dunes and 
beach ridges acting as windbreaker and sand stabilizer in this 
cyclone-prone area. Altogether, plantations occupy an area of 
about 322 km2 (4.57%) in the delta region. Salt pans also cover 
about 78 km2 area in the lower reaches of the deltas. Another 
characteristic feature of the Krishna-Godavari delta region is the 
presence of extensive mangrove swamp and associated mudflats 
and lagoons. Occupying about 612 km2 area, the wetlands of this 
region is second only to Sundarbans in India.  The mangrove 
swamps are an important coastal wetland ecosystem protecting the 
coastal land from erosion and impact of storm surges. On many an 
occasion in the past, mangrove forest in this region is said to have 
saved life and property from the fury of the gale winds and 
occasional surges that are associate with the cyclones storms that 
frequent this part of the AP coast.  

5. RESULTS AND DISCUSSION 

The contour lines representing the 0.6 m, 1.5 m, and 2.1 m 
elevations extracted from the SRTM data are overlaid on the land 
use/land cover map in order to understand the impact of predicted 
sea-level rise along the AP coast. Initially, the land use/land cover 
features within the present intertidal zone and the future intertidal 
zone are computed to gauge the effect of sea-level rise. If the sea 
level rises by 0.6 m by 2100 AD as predicted by IPCC (2007), the 
area between the present shoreline and 0.6 m elevation would be 
submerged. The existing land use/land cover features and their 
areal extents are estimated. Similarly, the area between the present 
high-tide line (1.5 m) and the future high tide line is demarcated 
and the land use/land cover futures within this zone are evaluated.   

5.1 Present Intertidal Zone 

The AP coast is under the influence of a micro-tidal environment. 
The tidal range along the entire coast is from 0.7 m as at 
Krishnapatnam in the south to 1.5 m recorded at Visakhapatnam in 
the northern sections. Considering the seasonal fluctuations and 
storm tide conditions, the average spring high-tide limit of 1.5 m is 
taken in this study, and as such the inter-tidal zone is demarcated 
within the 1.5 m elevation from the shoreline. As detailed in the 
methods of study, the contours representing the 1.5 m, 2.1 m and 
5.0 m elevations along the AP coast are generated from the analysis 
of SRTM data. It may be noted that the 1.5 m line could not be 
shown in Figure 1 due to scale limitations. However, it is clearly 
visible in Figure 2 because the 1.5 m contour is at considerable 
distance from the shoreline in the gently sloping Krishna-Godavari 
delta region. 

When the 1.5-m-contour is superimposed over the land use/land 
cover map, it almost coincides with the landward limit of the 
coastal wetland ecosystems like mangrove swamps (Fig.3a), 
mudflats (Fig.3b), lagoons and tidal creeks. However, human 
activities in the form of salt pans (Fig.3c) and especially 
aquaculture (Fig.3d) have encroached into the inter-tidal zone 
occupying about 96 km2 and 232 km2 respectively along the AP 
coast. On  the whole, the present inter-tidal zone between the 
shoreline and 1.5 m contour, covers an area of about 1906 km2 of 
which   812 km2 (42.60 %) is within the Krishna-Godavari delta 
region alone. 
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Figure 1. Land use/land cover features within 5.0 m elevation 
along the AP coast traced from IRS P6 LISS III images of 
different paths/rows and different dates in 2008  

 

Figure 2. Land use/land cover features within 5.0 m elevation in 
the Krishna-Godavari delta region, in the central part of the AP 
coast. Note the 1.5 m, 2.1 m and 5.0 m contour lines traced 
from IRS P6 LISS III of Path 102/Row 061, dated 3 March 
2008 and Path 103/Row 61, dated 8 March 2008 

 

Figure 3. Photographs showing the various land use/land cover 
features in the Krishna-Godavari delta region. 

5.2 Future Inter-Tidal Zone 

Considering the IPCC (2007) estimates that the global sea-levels 
may rise by about 0.59 m by 2100 AD (notwithstanding the more 
recent estimates on possible sea-level rise of about 1.0 m to 1.5 m), 
an assessment is made in this study to compute its possible impact 
along AP coast. If the sea levels rise by ~0.60 m above the present, 
an area of about 565 km2 lying in between the present shoreline 
and the 0.6 m elevation would go below the low tide including the 
150 km2 area along the Krishna-Godavari delta front coast 
(Nageswara Rao el al., 2008). Further, the high tide line would shift 
landward from the present 1.5 m contour to 2.1 m contour. 
Therefore, the present area lying between 1.5 m and 2.1 m contours 
would become a part of the future inter-tidal zone. At present, this 
area is occupied by aquaculture over 499 km2, agriculture over 319 
km2 plantations over 279 km2 while salt pans occupying about 136 
km2. Thus the entire 1233 km2 area along the AP coast would be 
affected by the regular tides in future, if the sea-levels rise by 0.60 
m. Out of this 1233 km2 area which would join the future inter-tidal 
zone, as much as 894 km2 is within the Krishna-Godavari deltas 
alone, including 474 km2 under aquaculture, 311 km2 under 
agriculture (Fig.3e), 80 km2 under plantations (Fig.3f) and 29 km2 
under salt pans. 

There are many villages located close to the present high tide limit. 
An analysis of the village location map in comparison with the 
contour map showed that as many as 282 revenue villages are 
located within 2.1 m elevation along the AP coast. All these 
villages and 1.29 million people living there would be in danger if 
the sea level rises by 0.6 m above its present level.  Within the 
Krishna-Godavari delta region the increased sel levels would affect  
97 human habitations and 0.57 million people. 
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Apart from these direct impacts, the sea-level rise might also affect 
the region indirectly through landward shift of freshwater-seawater 
interface and consequent groundwater contamination by 
salinization. Earlier studies indicated that the groundwater quality 
in the Godavari delta is already affected due to considerable 
advance in the seawater intrusion (Ghosh, 2002). The situation in 
the Krishna delta is much worse as widespread seawater intrusion 
is transforming the fresh groundwater to brackish/saline water 
(Saxena et al., 2004), even up to 50 km inland (Mondal et al., 
2008, 2009), which is evident from the presence of trace elements 
like strontium and boron in the groundwater here (Saxena et al., 
2004; Mondal et al., 2009). 

CONCLUSION 

The study revealed that the impending sea-level rise would 
seriously impair the agricultural activities in the lower parts of the 
AP coastal zone, especially in the low-lying Krishna-Godavari twin 
delta region which is considered as the rice-bowl of the state. The 
land use / land cover map prepared using IRS P6 LISS III images 
from 2008, coupled with elevation data generated from SRTM 
DEMs indicated that agriculture, with paddy as the dominant crop, 
is the major land use activity in the zone under study followed by 
aquaculture. If the sea level rises by 0.6 m as predicted by IPCC 
(2007), an area of about 532 km2 including 150 km2 in the Krishna-
Godavari deltas at present lying between the shoreline and the 0.6 
m elevation would be permanently submerged under the future 
low-tide level. Further an area of about 1233 km2 including 894 
km2 Area within the Krishna-Godavari deltas lying between the 
present high tide line (1.5 m) and the future high-tide line (2.1 m) 
would go under the future inter-tidal zone, affecting the cropland 
over 319 km2, aquaculture over 499 km2 and plantations over 279 
km2, besides threatening the survival of 1.29 million people living 
in 282 coastal villages along the entire AP coast.   
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ABSTRACT:  

Field study was conducted in Brahmani-Baitarani estuary area to know about the soil sodicity dynamics in monsoon and post-monsoon 
season. The study area is covered in between Latitude 20o 39‘ 00’’N – 20 o 47’ 00’’ N and 86 o 49’ 00’E’- 87 o 00’ 00’’ E. Chanrakolha, 
Birbhanjpur and Naltapatia village were selected for study purpose. Agricultural field soil samples (surface and sub-surface) were collected 
at 100 m, 200 m and 500 m distance from saline river embankment and were analyzed for its texture, pH, organic matter and sodium 
absorption ration (SAR). Soil textural analysis with particle size analyzer revealed that soil is Silty Loam. Proportion of sand, silt and clay 
varied from 9.53 - 15.3, 67.11 - 83.7 and 2.97 - 23.36 % respectively. Soil organic matter was higher in post monsoon season as compared 
to observed in monsoon season. Despite of the location of agricultural field near to estuary area, soil pH was found to be acidic (<7) both in 
monsoon and post-monsoon season. The soil pH was even more acidic in post-monsoon as compared to observed in monsoon season. In 
monsoon season SAR value in surface soil was lower than sub-surface soil. Whereas, reverse trend was observed in post-monsoon season. 
The SAR value in soil was found to be higher in post-monsoon than that of monsoon season. SAR value in post-monsoon season in surface 
and sub-surface soil varied from 4.1 to 8.3 and 2.9 to 5.6, respectively. In all the villages SAR value of soil was observed to be highest at 
100 m distance from saline river embankment. 
 
 

                                                                 
∗ manish_iari@yahoo.co.in 

1. INTRODUCTION 

India has long coastline where major rivers drain into Indian 
Ocean. The mouth of the rivers i.e. estuary zone is low lying area 
with alluvial soil having high potential for agriculture. Brahmani-
Baitarani estuary area in Orissa has vast stretch of land used for 
agricultural purpose fringing Bhitarkanika mangrove forest. The 
estuary area is under constant influence of tidal movement of saline 
sea water. Climate change induced sea level rise will strengthen the 
tidal force and shall affect the low lying fertile alluvial soil in 
estuary area. Agriculture in estuary area is dominated by mono-
cropping rainfed kharif paddy crop. Being closer to Bay of Bengal, 
soil salinity is one of the constraints for paddy cultivation. The 
main factor affecting crop yield is known to be sodicity (the 
relative Na concentration in soil paste water), which prevents the 
plants from uptaking essential elements such as calcium and 
potassium (Baize, 1993). In India, very little baseline information is 
available of coastal estuarine agricultural soil resources. A study 
regarding physico-chemical characteristics of soil in Brahmani-
Baitarani estuary area will not only help in providing baseline data 
of the area but also help in understanding the sodicity dynamics 
due to the influence of sea level rise. This will also help in 
formulating adaptation measures to manage the soil salinity. In this 
regard, research on dynamics of soil sodicity in Brahmani-
Baitarani estuary area under the influence of sea level rise was 
relevant. The objective of the research study was to know about the 
soil characteristics in terms of sodicity (SAR) under the influence 
of sea level rise. Average global sea-level rise over the second half 
of the 20th century was 1.8+0.3 mm/year, and sea level rise of the 

order of 2-3 mm/year is considered likely during the early 21st 
century as a consequences of global warming (Woodroffe et al., 
2006). Saltwater intrusion in estuaries due to decreasing river 
runoff can be pushed 10 to 20 km further inland by the rising sea 
level (Shen et al., 2003; Yin et al., 2003; Thanh et al;2004).   

2. MATERIALS AND METHODS 

2.1 Description of the Study Area 

The study area is located in Rajnagar block of Kendrapara district 
in Orissa and lies within 20o 39‘ 00’’N – 20 o 47’ 00’’ N latitude and 
86 o 49’ 00’’E - 87 o 00’ 00’’ E longitude. The area is surrounded 
by tributaries of river Brahmani-Baitarani draining into Bay of 
Bengal. Three selected village i.e. Birbhanjpur, Chanrakolha and 
Naltapatia are located in Brahmani-Baitarani estuary area at a 
distance of about 2.5, 4.5 and 7 kilometer respectively from the 
river mouth. (Fig. 1) 

2.2 Sample Collection and Analysis 

At each location (100 m, 200 m and 500 m distance from saline 
river embankment) five agricultural fields were selected and from 
each field about 5-10 soil samples were collected both in monsoon 
(August, 2008) and post-monsoon (December, 2008) season from 
surface ( 10 - 15 cm) and subsurface (20 -30 cm) with the help of 
screw augur. Collected soil samples were analysed for its texture, 
pH, organic matter and sodium absorption ratio (SAR). Texture: 
Soil texture was determined with the help of particle size analyser 
(model CILAS 1064 Liquid). 
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pH: pH of Soil solution extract (1:2.5 soil: water ratio) was 
measured with the help of  pH meter (Systronic, micro pH meter 
361).  

Organic matter of soil (%): Organic carbon in soil was determined 
by Walkley and Black method (1934). Multiplying organic carbon 
content with 1.72 factor gives organic matter content in soil.  

Sodium absorption ratio (SAR): SAR can be calculated from the 
formula given below. 

 

Sodium (Na+) content in soil was estimated with the help of flame 
photo meter method (Elico Cl 361). The calcium content in soil 
was determined with the help of AAS (Perkin Elmer). 

 

Figure 1. Sampling Site 

3. RESULT AND DISCUSSSION 

3.1 Soil Texture 

Soil texture is most stable physical characteristics of soil which 
influences almost all physico-chemical parameters of soil. Majority 
of the soil sample analysed were in Silty Loam textural class. The 
variation of sand, silt and clay at 100 m, 200 m and 500 m distance 
from saline river embankment in Chanarkhola, Naltapatia and 
Birbhanjpur showed very little variation. Overall it varied from 
9.53 - 15.23, 67.11 – 83.7 and 2.97 – 23.36 %.  The silt content was 
recorded to be highest at Birbhanjpur (77.06 - 81.63 %) (Fig 2). 
This may be due to the proximity of the village to the river mouth 
having greater influence of tidal ingress.  

3.2 pH 

Irrespective of the location, season and depth (surface and 
subsurface), soil pH was observed to be in acidic range (<7) 
(Table1). In monsoon season, pH of subsurface soil showed higher 
value than surface soil. This may be due to illuviation of basic 
cations to subsurface soil. pH in post monsoon season showed 
decreasing trend in comparison with monsoon season. Leaching of 
the basic cations and decomposition of paddy based organic 
residue in the agricultural field can be the reason behind it. Average 
pH of the surface soil during monsoon season varied from 5.43 - 
6.57. During post-monsoon season it ranged from 4.97 -5.57. In 
monsoon and post-monsoon season, the soil pH in subsurface was 
recorded to be 5.66 – 6.86 and 5.41 - 5.91 respectively (Table 1). 
Although the agricultural fields are located near to estuarine area, 
but there is very little influence of saline water intrusion, as 
revealed by acidic soil reaction. 
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Figure 2. Soil Texture of Different Village 

3.3 Soil Organic Matter 

Among different villages, soil organic matter showed very little 
variation at 100 m, 200 m and 500 m distance from saline river 
embankment. In surface soil it ranged from 0.76 – 0.97 % and 0.92 
– 1.05 % in monsoon and post monsoon respectively. In sub-
surface soil it ranged from 0.68 – 0.81 % and 0.81 – 0.97 % 
respectively (Table 1). The organic matter content showed 
increasing trend from monsoon to post-monsoon season. Surface 
soil also showed higher organic matter content than sub-surface 
soil. This is due to the incorporation of paddy residue and use of 
organic manure while cultivation of kharif paddy. 

3.4 Sodium Absorption Ratio (SAR) 

In all the villages maximum SAR was observed at 100 m distance 
from saline river embankment. The maximum and minimum SAR 
value was observed in Birbhanjpur and Naltapatia respectively. 
This may be due to the proximity of Birbhanjpur from mouth of 
river draing into Bay of Bengal. Naltapatia being farthest from the 
mouth of river may have very little influence of sea water tidal 
ingression. In monsoon season SAR was observed to be higher in 
sub-surface soil than surface soil and vice versa in post monsoon 
season. At Nalitapatia in monsoon season average SAR value in 
surface soil at 100 m, 200 m and 500 m was 4.0, 3.79 and 3.45 
respectively. At Birbhanjpur it was 5.28, 5.11 and 4.98 (Table 1). 
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Place 
Chanrakolha Nalitapatia Birbhanjpur  Distance  

(m) Depth 
pH 

Organic  
Matter 

(%) 

Sodium 
absorption 

ratio 
pH 

Organic 
Matter 

(%)  

Sodium 
absorption 

ratio 
pH 

Organic  
Matter 

(%)  

Sodium 
absorption 

ratio 

Sm 
5.65 

*(0.46) 
0.97 

(0.05) 
5.08 

( 0.07) 
5.782 
( 0.57) 

0.83 
(0.06) 

4.0 
(0.21) 

6.57 
( 0.43) 

0.95 
(0.06) 

5.28 
( 0.12) 

SSm 
6.25 

(0.60) 
0.81 

(0.10) 
6.01 

(0.15) 
5.87 

(0.10) 
0.74 

(0.05) 
5.13 

(0.24) 
6.86 

(0.08) 
0.80 

(0.01) 
6.29 

(0.07) 

Spm 
5.11 

(0.07) 
1.05 

(0.09) 
7.15 

(0.35) 
5.20 

(0.14) 
0.94 

(0.06) 
5.36 

(0.25) 
5.57 

(0.08) 
1.03 

(0.03) 
7.74 

(0.37) 

100 

SSpm 
5.50 

(0.31) 
0.97 

(0.02) 
4.97 

(0.12) 
5.69 

(0.15) 
0.86 

(0.05) 
4.21 

(0.25) 
5.91 

(0.08) 
0.96 

(0.05) 
5.42 

(0.14) 

Sm 
5.51 

( 0.38) 
0.94 

( 0.09) 
4.79 

( 016) 
5.438 
( 0.35) 

0.79 
(0.05) 

3.79 
(0.27) 

6.33 
( 0.26) 

0.84 
( 0.04) 

5.11 
(0.11) 

SSm 
6.03 

(0.58) 
0.77 

(0.11) 
5.77 

(0.09) 
5.87 

(0.37) 
0.71 

(0.04) 
4.68 

(0.23) 
6.74 

(0.07) 
0.75 

(0.02) 
6.10 

(0.04) 

Spm 
5.13 

(0.16) 
1.02 

(0.01) 
6.91 

(0.30) 
5.06 

(0.07) 
0.93 

(0.06) 
5.07 

(0.42) 
5.43 

(0.09) 
1.01 

(0.01) 
7.49 

(0.17) 

200 

SSpm 
5.63 

(0.10) 
0.96 

(0.03) 
4.79 

(0.15) 
5.68 

(0.48) 
0.84 

(0.06) 
3.99 

(0.28) 
5.74 

(0.07) 
0.92 

(0.04) 
5.32 

(0.14) 

Sm 
5.75 

( 0.43) 
0.87 

( 0.08) 
4.61  

(0.17) 
5.45 
 (0.7) 

0.76 
(0.05 ) 

3.45 
(0.39) 

6.02 
(0.36) 

0.84 
( 0.04) 

4.98 
(0.06) 

SSm 
6.00 

(0.62) 
0.73 

(0.10) 
5.55 

(0.06) 
5.66 

(0.38) 
0.68 

(0.03) 
4.50 

(0.26) 
6.60 

(0.09) 
0.71 

(0.04) 
5.91 

(0.08) 

Spm 
5.12 

(0.08) 
1.01 

(0.00) 
6.69 

(0.31) 
4.97 

(0.08) 
0.92 

(0.06) 
4.88 

(0.44) 
5.29 

(0.09) 
1.01 

(0.01) 
7.32 

(0.16) 

500 

SSpm 
5.61 

(0.48) 
0.94 

(0.04) 
4.51 

(0.19) 
5.41 

(0.40) 
0.81 

(0.05) 
3.75 

(0.48) 
5.60 

(0.09) 
0.90 

(0.04) 
5.15 

(0.11) 

Table 1: Physico-chemical parameters of soil (average) in different villages in Brahmani-Baitarani estuary area 

* Value in parenthesis indicate the standard deviation (SD); Sm = Surface soil in monsoon season, Spm = Surface soil in post-
monsoon season, SSm = Sub-surface soil in monsoon season , SSpm = Sub-surface soil in post-monsoon season 

CONCLUSION 

Sea level rise is one of the important environmental challenges 
arising due to global warming. It will affect the coast most. In our 
study we observed that although the sodicity level (SAR) level was 
not exceeded the critical value for agriculture i.e 15. But the 
sodicity in the Birbhanjpur, especially in post monsoon is 
approaching the critical harmful value. The study has its relevance 
in its baseline data generation for the Brahmani-Baitarani estuary 
area which may be indicator of impact of sea level rise in Bay of 
Bengal. Apart from this it also can help in formulating mitigation 
option for the potential harmful impact due to sea level rise of the 
region. 
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ABSTRACT:  
 
This paper attempts to take an overview of the impacts of climate change on world agriculture. It focuses on the Indian scenario, i.e. on 
climate change impacts on Indian agriculture. It explores how agricultural growth and environmental sustainability has to be achieved 
while coping with the climate change phenomena. Agriculture sector reveals high sensitivity and resilience to climate change.  Agriculture 
is an important driver of the wheels of the Indian economy. Therefore, agricultural sector needs to be improved steadily on sustainable 
basis. India needs to prepare in advance to face the consequences of climate change.  FAO estimates that this year due to the shocks of the 
economic crisis combined with high national food prices, the number of hungry people is expected to grow overall by 11 per cent.  
Genetically modified crops are emerging as the major solution to increase productivity of crops in the future as drought and climate change 
have an impact on yields. Agricultural sector in developing countries is carried out by small-scale subsistence farmers who are poor. They 
are forced to extend their farming activities over the marginal rainfall areas and on degraded lands as well. Due to global warming, the 
frequency of droughts in several tropical countries has increased, which has impacted severely on agriculture, especially the small and 
marginal farmers. Food production in several countries is severely disrupted because of flooding. Approximately 20 to 30% of plant and 
animal species assessed so far are likely to be at increased risk of extinction if increases in global average temperature exceed 1.5 to 2.5°C. 
If global average temperature exceeding 1.5 to 2.5°C, with an increase  in  atmospheric CO2 concentrations,  major changes in ecosystem 
structure and function  are projected.  This will have negative consequences for biodiversity and ecosystem goods and services, mainly 
food supply. At lower latitudes, in dry and tropical regions, productivity of crops is likely to decrease with small local temperature 
increases (1 to 2°C). This would increase the risk of hunger. Therefore, agriculture sector needs to be given an all round push by adopting 
modern technologies especially by developing countries. 
 
 

1. INTRODUCTION 

Climate change is one of the most important global environmental 
challenges of the present century. Response to climate change in 
developed and developing countries varies greatly. Climate change 
impacts are not be felt in isolation. The impacts of climate change 
vary across space and there are important yet complex interactions 
occurring at different spatial scales. The most visible impacts of 
climate change are the increased global mean surface temperature; 
increased frequency and severity of drought, variations in 
precipitation, and increased heavy precipitation events. All these 
manifestations have a significant impact on world agriculture. Of 
all the sectors of economic activities, agricultural sector is heavily 
dependent on weather and climate and highly influenced by global 
warming. Agriculture sector reveals high sensitivity and resilience   
to climate change.  Due to global warming, the frequency of 
droughts in several tropical countries has increased, which has 
impacted severely on agriculture. Food production in several 
countries is   severely disrupted because of flooding. This is also 
the consequence of climate change. Changes in global supply and 
demand for various crops provide new challenges to farmers 
worldwide. This paper attempts to take an overview of the impacts 
of climate change on world agriculture. It focuses on the Indian 
scenario, i.e. on climate change impacts on Indian agriculture. It 
explores how agricultural growth and environmental sustainability 
has to be achieved while coping with the climate change 
phenomena.  

1.1 Vulnerability to Climate Change  

There are large variations in vulnerability to climate change among 
regions, sectors and various groups. Vulnerability to climate 
change varies across regions, sectors, and social groups. 
Understanding the regional and local dimensions of vulnerability is 
essential to develop appropriate and targetted adaptation efforts. 
The private sector and civil society have key roles to play in 
supplementing government efforts to reduce vulnerability. Several 
countries in the tropical and sub tropical zones are more vulnerable 
to the potential impact of global warming, whereas some countries 
in the temperate zone may reap some benefits from climate change. 
Developing countries are located in areas which are within or 
bordering hot areas.  In developing countries agricultural systems 
are much less capital and technology intensive. Therefore, they are 
more vulnerable to climate change. The predictions of future 
concentrations of greenhouse gas emissions and patterns of climate 
change and global warming are uncertain. So also is the 
vulnerability to climate change. 

It has been observed in a global assessment of the potential impact 
of climate change on world food supply  that  if the atmospheric 
carbon dioxide  concentration doubles, it will result in a small 
increase in global crop production. Depending on the projected 
climate, the extent of decreased production varies by countries. The 
production is expected to increase in developed countries. 
However, there will be disparities between crop production in 
developed and developing countries. Along with food production, 
livestock production is also   influenced by climate change. 
Because of the impact of climate change on grazing lands and 
animal productivity, livestock production will be affected.   



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

184 

2. A REVIEW OF STUDIES 

Several studies have been conducted to assess the likely impact of 
greenhouse gases on agriculture in developing countries. Climate 
sensitivity of agriculture has been measured by cross sectional 
analysis, agronomic analysis model and Agro-Ecological Zone 
(AEZ) modelling. Actual farm performance is measured in 
different climate zones in cross sectoral analysis. Agronomic 
experiments are carried out on major crops.  Ecophysiological 
relations are established to predict plant performance in AEZ 
modeling. Agronomical studies suggest that warming may 
influence crop yields, and they are likely to reduce. The farmers 
may try to overcome this problem with the adaptation efforts like 
carbon fertilization.  

Some studies have pointed out that because of higher temperatures 
during the growing season,   the   harvests of maize, rice and other 
staple crops could drop by up to 40 per cent by the end of the 
century. Due to projected   temperature rise,   crop yields could 
reduce by as much as 20–30 per cent in the   tropical   and 
subtropical areas. As there is an urgent   need for investment in 
infrastructure, scientists have highlighted the necessity of massive   
investments to develop crops that are tolerant to heat. Warming   
leads to water stress and increases the necessity of irrigation. In   
order to develop irrigation massive investment is required. 
International Rice Research Institute estimates that between 15 to 
20 million hectares of irrigated rice would be hit by some degree of 
water scarcity by 2025. (The Times of India, 24-07-09) 

Studies were carried out in selected regions identified as vulnerable 
to climate change and also economically backward. At the village 
level, case studies were conducted focusing on  the social and 
economic implications of  climate change impacts on  inland and 
coastal agriculture. The impacts of climate variability and 
economic changes on lives of the villagers were studied. The 
studies included the strategies used by the villagers in coping with 
these changes, and the impacts of government policy on the coping 
strategies.  At each site, surveys and interviews were conducted 
with farmers and local officials. The results of the surveys will help 
to design  policy recommendations regarding adaptation to climate 
change. The studies revealed that the farmers have the ability to 
adapt to climate variability. Their ability also depends on 
government policies. In all the case studies economic status, 
agricultural practices, coping mechanism and access to facilities 
and services were taken into consideration. Certain other issues 
specific to each district were also considered. Case studies 
attempted to study the implications of differential access to 
irrigation facilities. A study focused on the opportunities offered by 
crop diversification and contract farming. Villages prone to river 
flooding and storm surges offered insights into these two 
dimensions of coastal vulnerability. Some information was also 
collected through questionnaires. Certain themes common to all the 
case studies were the economic status, agricultural practices, 
coping mechanisms, and access to facilities and services. Certain 
other issues specific to each district were also reflected in the 
selection of villages. For instance, the implications of differential 
access to irrigation facilities, the opportunities offered by crop 
diversification and contract farming. The choice of two villages 

prone to river flooding and storm surges respectively offered 
insights into these two dimensions of coastal vulnerability. 

3. IMPACT OF CLIMATE CHANGE ON INDIAN 
AGRICULTURE 

Agriculture is an important driver of the wheels of the Indian 
economy. About 700 million  of its rural population (over  60% of 
our labour force)  depends directly on climate-sensitive sectors 
such as agriculture, forests and fisheries,  and natural resources   for 
their subsistence and livelihoods. Climate change is impacting all 
the natural ecosystems as well as socio-economic systems of the 
country. Climate change will have major impact on Indian 
agriculture. Climate change in agriculture sector is posing  the 
toughest challenge for India’s   11th plan objective of  making 
growth inclusive.   “Simulations using dynamic crop models 
indicate a decrease in yield of crops as temperature increases in 
different parts of India. However, this is offset by an increase in 
CO2 at moderate rise in temperature and at higher warming. 
Negative impact on crop productivity is projected due to reduced 
crop durations” (Pascheem, 2009) Therefore, agricultural sector in 
India needs to be improved steadily on   sustainable basis.   India 
needs to prepare in advance to face the consequences of climate 
change.  Farmers have to assure food security for the country. A 
second green revolution is urgently needed to raise the growth rate 
of agricultural GDP to around 4%.  Agricultural sector in India  is 
dominated  by small-scale subsistence farmers who are   poor. 
They are forced to extend their    farming activities   over   the 
marginal rainfall areas and on degraded lands as well. Agriculture 
in India is closely linked with forestry sector. The impact of 
projected climate change on forest ecosystems, carbon stocks and 
mitigation capacity of forests in India is under study.  Water 
resources form the basis for India’s agriculture and power needs. 
They will be adversely impacted due to global warming.  A project 
is going on to study climate change and persistent droughts- 
impact, vulnerability and adaptation in rice growing sub divisions 
of India. The Norwaygian Institute of Environmental and 
Agricultural Research is taking part in a programme on integrated 
adaptation strategies to sustain rice productivity under different 
climate change scenarios in India.  

Though agriculture’s share in the total green house gas (GHG) 
emissions of India is relatively small, it will be a big loser as a 
consequence of climate change. Agricultural sector contributes 
28% of the country’s GHG emissions as per the sources of 
Environment and Forest Ministry (Sud, 2008). As per the findings 
of the study conducted by the Indian Agricultural Research 
Institute (IARI) New Delhi, with every 1 degree C. increase in 
temperature throughout the growing period of the crop, the overall 
wheat production may be lost by 4 to 5 million tones. In this study 
it is assumed that the availability of irrigation water would remain 
the same. But with retreating Himalayan glaciers, and increasing 
uses of water for industrial and other purposes, it is bound to 
decrease.  The possible adverse bearing of global warming on the 
output of other crops has still not been assessed. But it is likely to 
be relatively less. The kharif (summer)   crops may have a 
comparatively smaller impact.   
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3.1 Adjustments at Farm Level 

In order to reduce or overcome the adverse impacts of climate 
change on agriculture, adaptive actions need to be taken at various 
levels. Some of the adjustments at farm level are: 

 Introduction of later- maturing crop varieties or species, 
heat and drought resistant crop varieties by utilizing 
genetic resources better adapted to new climatic 
conditions. Better compatibility to new agricultural 
technologies 

 Switching cropping sequences, Sowing earlier, adjusting 
timing of field operations,  

 Conserving soil moisture through appropriate tillage 
methods, and improving irrigation efficiency. 

Genetically modified crops are emerging as the major solution to 
increase productivity of crops in the future as drought and climate 
change have an impact on yields. Some measures such as switching 
crop varieties are simple, easier, effective and   inexpensive. 
Introducing irrigation or efficient water-conserving technologies 
need huge investments. Economic adjustments are also necessary. 
They involve shifting and adjustments of various capital inputs 
necessary for agriculture.  Studies combining biophysical and 
economic impacts have revealed that market adjustments can 
moderate the impacts of reduced yields. Over the period of time, 
crop yields are likely to increase with advances in technology. But 
the historical trends reveal that the increase may be at a slower rate.  

3.2 Adaptation and Mitigation in Agricultural Sector  
in India  

India has initiated certain steps that the developing countries can 
adopt. They include ‘climate proofing’ of public infrastructure 
investments, food security and water resources. India’s Green 
House Gas emissions are among the lowest in per capita terms. The 
adverse impact of global warming on agriculture can be mitigated 
to an extent by suitably adapting to the changed climatic and 
ecological conditions. Some of the measures suggested for 
adaptation and mitigation in agricultural sector in India are: 

1. Identification of the present vulnerabilities of agricultural 
systems.  

2. Agricultural research to develop new crop varieties. 

3. Improved training and general education of populations 
dependent on agriculture. 

4. Food programs and other social security programs to 
provide insurance against supply changes. 

5. Transportation, distribution, and market integration to 
provide the infrastructure to supply food during crop 
shortfalls. 

6. Removal of subsidies, as it controls the changes in prices, 
which overshadow the climate change signal in the 
marketplace.  

4. ADAPTIVE RESPONSE WORLD OVER 

World economic crisis has resulted in lower incomes and increased 
unemployment. FAO estimates that this year due to the shocks of 
the economic crisis combined with high national food prices, the 

number of hungry people is expected to grow overall by 11 per 
cent.  Changes in global supply and demand for various crops 
provide new challenges to farmers worldwide. Food insecurity is 
emerging as a major problem. On this backdrop, it is pertinent to 
study the adaptive actions taken world over to tackle the impact of 
climate change in the agricultural sector. 

As a major adaptive response, it is suggested that breeding of heat 
and drought resistant crop varieties be introduced. They will utilize 
genetic resources that may be better adapted to new climatic and 
atmospheric conditions. Collections of such genetic resources are 
maintained in germ-plasm banks. These may be screened to find 
sources of resistance to changing diseases and insects, as well as 
tolerances to heat and water stress and better compatibility to new 
agricultural technologies. Crop varieties with a higher harvest 
index (the fraction of total plant matter that is marketable) will help 
to keep irrigated production efficient under conditions of reduced 
water supplies or enhanced demands. Genetic manipulation may 
also help to exploit the beneficial effects of CO2 enhancement on 
crop growth and water use.  

The International Food Policy Research Institute (IFPRI) 
conducted a survey of 1,000 Ethiopian cereal crop farmers in the 
Nile River basin, in Ethiopia. The main finding of the study was 
that poor access to technology and weak informal network 
adversely affect farmers’ ability to adapt to climate change. Several 
farmers do not adapt to changes in temperature and rainfall. They 
have to face the problems like   shortages of labour, land and 
money. Sometimes they do not get proper information. Scientists 
have observed that national and regional climate change research 
institutions are not interacting well with each other. Therefore, the 
speed and quality of information sharing is also affected. Farmers 
need to adapt their farming practices to new conditions. Therefore, 
they need to be informed on the use of climate information to 
maximize agricultural production. 

CONCLUSION 

Approximately 20 to 30% of plant and animal species assessed so 
far are likely to be at increased risk of extinction if increases in 
global average temperature exceed 1.5 to 2.5°C. If   global average 
temperature exceeding 1.5 to 2.5°C , with an increase  in  
atmospheric CO2 concentrations,  major changes in ecosystem 
structure and function  are projected.  This will have   negative 
consequences for biodiversity and ecosystem goods and services, 
mainly food supply. At lower latitudes, in dry and tropical regions, 
productivity of crops is likely to decrease with small local 
temperature increases (1 to 2°C). This would increase the risk of 
hunger. Therefore, agriculture sector needs to be given an all round 
push by adopting modern technologies especially by developing 
countries. The international community should help developing 
countries to study various impacts, identify adaptation strategies, 
and prepare programs for various locations to help the rural poor 
most vulnerable to climate change. 
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ABSTRACT:  
 
 
Chickpea (Cicer arietinum L.) is a cool-season legume well adapted within temperature range of 30/150C (day maximum and night 
minimum) for optimum growth and pod filling. The northern plains of India once represented a potential production zone for chickpea due 
to long winter favouring high biomass production and pod filling. However, the crop in this region is now adversely affected by climatic 
change, showing a trend of increasing minimum night temperature more than that of maximum day temperature. The asymmetric pattern 
of temperature rise resulted in a warmer winter, less dew precipitation and heavy evapo-transpirational water loss. The crop often 
experiences abnormally high temperature (>350 C) and atmospheric drought during reproductive stage. The chickpea varieties are now 
gradually replaced by newly bred short duration varieties escaping terminal heat, or breeding for heat tolerance has been initiated to 
enhance productivity. A large number of germplasm were physiologically characterized for thermo tolerance and screening techniques 
developed based on membrane stability, photosynthetic efficiency (quantum yield, ratio of variable to maximal chlorophyll fluorescence 
Fv/Fm) and pollen germinability. The foliar resistance was much higher (above 400 C) than reproductive component like pollen 
germination (usually occurs below 350C). The fluorescence inductions kinetics showed a large differences in fluorescence peaks and 
quenching pattern when leaves pretreated at 20, 30 40 and 460C with an irreversible damage of photosynthetic systems at 460C. Membrane 
stability was significantly correlated (R2= 0.7) with quantum yield (Fv/Fm) and proved to be viable screening technique for thermo 
tolerance combined with pollen germinability at high temperatures.  
 
 

                                                                 
∗ basups@satyam.net.in 

1. INTRODUCTION 

South Asia and particularly Indo-gangetic plains of India is most 
vulnerable to climate change. Latest projections indicate that after 
2050, temperatures would rise by 3-4 degrees over current levels. 
Major impacts of climate change will be on rain fed crops 
including pulses which account for nearly 60% of cropland area. 
Almost all cool-season winter legumes under northern plains are 
gradually shifting towards “Warm winter”. This is primarily 
because of - asymmetric pattern of warming that is night-time 
minimums increasing more rapidly than daytime maximums.  

Among pulses, chickpea (Cicer arietinum L.) is an important 
protein rich cool-season food legume grown under rainfed 
conditions in northern plains of India during winter. This regions 
under rainfed are now severely threatened by climatic changes 
responsible for recurrent incidence of foggy weather and 
abnormally less dew precipitation. This dew water is highly 
beneficial for chickpea for biomass production before onset of 
reproductive phase. The crop often experiences abnormally high 
temperature (>350C) during reproductive phase. 

High temperature adversely affects seed germination, 
photosynthesis, respiration, membrane stability, fertilization, fruit 
maturation, quality of seeds, nutrient absorption, protoplasmic 

movement, transport of materials and also modulated level of 
hormones and primary and secondary metabolites (Chen et al, 
1982, Fowden et al., 1993 and Wahid et al., 2007). Summerfield et 
al (1984) observed lower grain yields with greater exposure to hot 
days (30-350C), during the reproductive period. 

Heat stress at reproductive stage is thus increasingly becoming a 
serious constraint to chickpea production in northern India due to 
climate change. Two major objectives were set in order to address 
the impact of climate change on chickpea productivity i.e. 
assessment of high temperature on possible yield loss, development 
of screening techniques and physiological characterization for heat 
tolerance.  

2. MATERIALS AND METHODS 

A large set of chickpea germplasm including 211 Minicore 
collections from International Crops Research Institute for semi-
arid tropics (ICRISAT), Patancheru, India, advanced breeding lines 
and released varieties were assessed for heat tolerance. Genotypes 
were sown under normal cool (15th November, winter) and late 
high (15th January, Spring) temperature condition under irrigated 
conditions in order to create two different temperature regimes. 

Visual observation on forced maturity were recorded when 
temperature exceeded beyond 350 C’. The above ground biomass 
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and seed size were compared in each genotype grown under 
normal and late sown condition. Under late sown conditions, at 
least 10 flowers were tagged when daytime maximum temperature 
exceeded beyond 350 C and after ten days pods were removed from 
the plants to ensure pod setting. 

2.1 Membrane Injury Test 

The fourth leaf from top was sampled for membrane injury test 

through electrolyte leakage. The certain amount of leaf materials 

were washed with distill water , surface dried between the fold of 

filter paper and dipped into deionized water for  200 C for 1 h . 

Measured the electrical conductivity (EC) of tissue leachets by 

using Systronic conductivity meter model 302. The same water was 

repeatedly used with same leaf dipped for 1 hour for 40, 50, 60 

700C followed by 1000C and EC measured. The relative membrane 

stability or injury index at each temperature was calculated by the 

formula given by Blum and Ebercon (1981). 

Membrane Stability or injury index=C1/C2  

C1= Electrical conductivity (EC µS) at test temperature for 1h. 

C2 = Electrical conductivity (EC µS) at 1000 C for 1 h 

2.2 Chlorophyll Fluorescence Measurement 

Chlorophyll fluorescence of the leaves was measured by using 
Pulse amplified modulated fluorometer (FMS-2 model of 
Hansatech, U.K) according to Schreiber et al. (1986). Intact leaf 
dipped in water in a test tube maintained at different temperatures 
e.g. 20, 30, 40, and 460 C in water bath for 30 min prior to 
fluorescence measurements. Minimal fluorescence Fo of the dark 
adapted leaves was measured by exciting the leaf with weak 
modulated radiation (LED 655) of 0.15 µmol m-2s-1 at frequency of 
0.6 kHz. Thereafter, saturation pulse of 4000 µmol m-2s-1 was 
applied through fibre optic cable for 400 milliseconds to obtain 
maximal fluorescence, Fm. Quantum yield (Fv /Fm) was calculated 
automatically by using the formula (Fm-Fo)/Fm, where  Fv is the 
difference between Fm and Fo i.e. Fm-Fo.  Soon after the Fv/Fm 
measurement in dark-adapted leaf, samples were irradiated by 
actinic radiation (8 V/20 W halogen lamp). The leaves were 
gradually exposed to higher irradiance from 55, 134, 260, and 440 
µmol m-2s-1 and fluorescence induction kinetics were monitored for 
each level of light and temperature. Saturation pulse was triggered 
after every 1 min light acclimation in correspondence to each 
irradiance to obtain quantum yield Fv’ /Fm’ (e’PS2) in light. 

Relative electron transport rate (ETR) of the leaf sample was 
determined by using formula as given below: 

ETR = Quantum yield x PAR x 0.5 x ETR FACTOR, Where ETR 

factor = 0.84. This factor corresponds to the fraction of incident 

radiation absorbed by various leaf species. 

2.3 Fluorescence Induction Kinetics  

PAM was connected with PC to monitor fast fluorescence 

induction kinetics using FMS 2.0 software and data were analyzed 

for graphical presentation using MS Excel.  

2.4 Pollen Viability Experiment  

The Mercado et al (1994) growth medium for pollen viability 
having 10% sucrose, 0.1 mmol boric acid and one mmol calcium 
chloride was used. For gelling of the medium, 1% agar was used. 
Pollen grains obtained from heat treated and check groups of 
flowers were grown in Petri dishes at 250C. Each treatment was 
replicated three times and ANOVA was performed. 

2.5 Observation of Pollen Tubes Inside the Style 

Specimens of style and ovary tissues were passed through the 
following solutions (10% sucrose, 0.1 mmol boric acid and one 
mmol calcium chloride). Fixation for 24 hours in a fixative 
containing formalin, 80% ethanol and glacial acetic acid (1:8:1). 
Rinsing for 24 h with tap water. Transferred to 8N NaOH solution 
for 8-24 h. Rinsing for 24 h with tap water. Staining with aniline 
blue dye solution for 4 h  (Martin, 1986)      

3. RESULTS AND DISCUSSION 

Nearly two decades of temperature data at Kanpur on 
maximum/minimum temperature (January-February) showed that 
minimum temperature during winter night increases more than the 
day-time maximum (Figure 1). During reproductive stage, the day 
temperature maximum in the month of March 2008, abruptly 
increased to 410C which was detrimental to pod setting and 
abortion (Figure 2). The maximum day temperature normally 
during grain filling stage in March rarely exceeds above 350C.  
However, for the past 2-3 years the maximum day time 
temperature during March increased beyond 410C which is highly 
detrimental for chickpea causing forced abortion of the flower and 
pods. 
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Figure 1. Mean Temperature Data (Tmax/Tmin) of January-
February of Kanpur , India for the Last 18 Year  
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Figure 2. Maximum Day Temperature During March-April, 
2008 

Most of the genotypes could not set pods and pollen viability 
reduced when temperature touches to 350C. The pollen viability 
and germination was extremely sensitive to high temperature (>350 
C), though a wide genotypic variation in the pollen germinability 
was observed (Figure 3). 

a ba b
 

Figure 3. Pollen Germination Inside Stigma at 370C of Heat 
Tolerant (a) and Sensitive (b) Genotype 

More than 90% of the chickpea population failed to set pods when 

temperature suddenly increased to 410C during March under late 

sown conditions. Few of them like JG 74 could able to set pods 

with normal seed size (Figure 5), however, majority of genotypes 

like ICC 3776 had reduced, shriveled or deformed grains at high 

temperatures exceeding 350 C (Figure 4). The critical temperature 

range for damage of reproductive organs was found somewhere in 

between 35-400C, however, sensitivity varied among genotypes. 

Pollen germination in other crops has been reported to be higher 

vulnerability at high temperatures, pollen germination and the 

degree of pollen tube growth is reduced significantly (Kakani et al., 

2005). Pollen germination in pepper is drastically reduced when 

plants are grown in 380C as compared to 250C (Kafizadeh et al, 

2008). 

 

 

Figure 4. Variations in the Seed Size and Morphology among 
Chickpea Genotypes Exposed to High Temperature >350 C 

Earlier reports suggest that brief exposure of plants to high 

temperatures during seed filling accelerate senescence, diminish 

seed set and seed weight and reduce yield (Siddique et al., 1999). 

Pulse legumes are particularly sensitive to heat stress at the bloom 

stage; only a few days of exposure to high temperatures (30-350C) 

can cause heavy yield losses through flower drop or pod abortion 

(Siddique et al., 1999). 

 

Late       Normal            Late               Normal
ICC 3776                    JG 74

 

Late       Normal            Late               Normal
ICC 3776                    JG 74  

Figure 5. Deformed and Reduced Seed Size in ICC 3776 Under Late Sown High Temperature Conditions while Seeds of JG 74 
Remain Unchanged  
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The results showed that foliar resistance to heat stress in chickpea 
was much higher than the tolerance of reproductive parts. The 
electrical conductivity (EC) increased as a result of rise in the 
temperature (Figure 6), indicating the membrane injury due to heat 
shock, however sensitivity of genotypes differed. 
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Figure 6. Electrolyte Leakage (EC) in Relation to Temperatures 
among Different Chickpea Genotypes 

The relative membrane stability among genotypes and their 
tolerance to heat could be worked out on the basis of membrane 
injury index as described by Blum and Ebercon (1981) (data not 
presented). Sullivan and Ross (1979) suggested that electrolyte 
leakage from leaf following a heat shock can serve as a simple, 
rapid and reliable technique for measuring heat tolerance. The 
membrane thermo sensitivity test has been used most frequently as 
a technique to screen for heat tolerance in cool-season food 
legumes.   

The quantum yield (Fv/Fm) measured by modulated chlorophyll 
fluorescence system did not show any reduction at this temperature 
(350C) (Figure7). The reduction in the quantum yield (e’PS2) in 
light-adapted leaf of chickpea was noticed when treatment 
temperature reached to 46 0C  (Figure 7). 
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Figure 7. Light-adapted Quantum Yield (ePS2) at Different 
Temperatures 

On the other hand, quantum yield drastically declined in fieldpea 
even when test temperature exceeded beyond 300C(Figure 7) 
indicating that fieldpea is more sensitive to high temperature 
compared to chickpea. The response of ETR (electron transport 
rate) with respect to increasing photon flux density (PFD) is 
typically similar to the response of rate of photosynthetic oxygen 
evolution (O2) or CO2 fixation in respect to light. No reduction in 

ETR was observed in chickpea up to 400 C except at very high 
temperature of 460C , however in fieldpea it drastically declined 
beyond 200 C  (Figure 8) . This again suggested that heat sensitivity 
of fieldpea is more than chickpea. Chlorophyll fluorescence, the 
ratio of variable to maximum fluorescence (Fv/Fm), and the base 
fluorescence (F0) have been shown to correlate with heat tolerance 
(Yamada et al., 1996) and are related with PSII (photosystem II) 
and carbon fixation. PSII is highly thermolabile, and its activity is 
greatly reduced or even partially stopped under high temperatures 
(Carnejo et al., 2005).The fluorescence inductions kinetics studies 
showed large difference in the fluorescence peaks and quenching 
pattern when leaves were pretreated at 20, 30, 40 and 460C (Figure 
9).  In general , no fluorescence peaks were observed either in 
chickpea and fieldpea at 460C indicating the threshold temperature 
beyond which photosynthesis may completely stop (Figure 9). The 
pretreatment at 460C showed irreversible damage of photosynthetic 
systems and quantum yield declined below <0.1 (Figure 9). 
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Figure 8. Electron Transport Rate in Pulses 
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Figure 9. Fluorescence Induction at Different Temperatures 
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Foliar membrane stability and quantum yield (Fv/Fm) was 
significantly correlated (R2= 0.7) (Figure 10), indicating that 
quantum yield and membrane stability parameters could be used as 
viable screening technique for identifying thermo tolerance. 

The field experiment in two seasons under normal and late planting 
allowed identifying some of the putative heat tolerant lines such as 
ICCV 92944, ICCV 37, ICC 67, JKG 1,GCP 101,PG 12 based on 
the above screening techniques. 
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Figure 10. Relationship Between Quantum Yield and 
Membrane Stability 
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ABSTRACT:  
 
A preliminary study was carried out under shed-net condition to observe climate change scenarios on tomato crop. Wireless Sensor 
Network (WSN) technology was used in the studies to monitor climate parameters (temperature, humidity and CO2  concentration) 
continuously under micro-climatic conditions. WSN Devices used for the studies were: FieldServer and Agrisens. DSSAT (Decision 
support for Agrotechnology Transfer) simulation software tool was used to determine scenarios of crop yield under different CO2 and 
Temperature conditions. In addition, coping strategies were also studied to combat the change scenarios. OpenSource/Free Geographical 
Information and Communication Techniques (Geo-ICT) tool was used for sensor web enablement and for dissemination to the rural 
community. 
 
 

                                                                 
∗ adi@iitb.ac.in 

1. BACKGROUND 

Agriculture is the mainstay of the Indian economy, as it constitutes 
the backbone of the rural livelihood security system. Climate is one 
of the important primary factors for agriculture production. The 
impact of climate change has a bearing on crop yields (both 
positively and negatively); choice of crops that can be grown in 
certain areas; agricultural inputs such as water for irrigation; 
amount of solar radiation that affects plant growth as well as the 
prevalence of pests. 

Real time monitoring of micro climatic and growth parameters of 
crop are one of the important requirements to study the impact of 
climate change in a specific agricultural land o be collected in the 
field. The climate parameters, and in particular crop growth 
environmental factor CO2 concentrations usually are obtained from 
the nearly weather / experimental stations, which are sparse and 
difficult to model at micro climatic level.  

With the advent of low cost wireless sensor network (WSN) 
technology, one can obtain micro climatic parameters from a 
specific field in real time, which will improve the agricultural 
decision making and apply coping strategies to combat the threats 
from climate changes. FieldServer (FS) (FieldServer, 2004) and 
Agrisens (SPANN Lab, 2009) are the two distributed sensing 
devises extensively used in rural systems for various agricultural 
aspects.  

Decision support system tools such as DSSAT (Decision support 
for Agrotechnology Transfer) integrates the effects soil, crop 
phenotype, weather and management databases that simulate crop 
management strategies for different crops at any location in the 
world (ICASA, 2009). It is a potential tool for yield forecasting 
with respect to climate change scenarios and provides coping 
strategies to deal with change scenarios. Cost-effective open 

source/free geographical information and communication 
technology (Geo-ICT) tools are useful for sensor web enablement 
and to disseminate information across the rural community, 
particularly the Line Departments for strategic decision making.  

A preliminary study on Precision Irrigation was conducted under 
shed-net conditions on tomato and potato crops using WSN, Geo-
ICT techniques and DSSAT simulation tool. Irrigation 
requirements and its scheduling were carried out with the help of 
DSSAT. As a spin-off of this study, climate change scenarios and 
suggesting coping strategies under different temperature and CO2 
concentration levels were observed, which will be useful to the 
rural stakeholders to plan contingent measures. However, 
substantiation of research results on the impact of climate change 
could be done with long term experiments. Researches are 
underway to study climate change impact on Rice, Maize & 
Groundnut crops under semi-arid conditions on crop yield and pest 
management aspects in a research farm.  

2. TOOLS / DEVICES USED 

2.1 Wireless Sensor Network 

WSN is an emerging technology and it has revolutionized the data 
collection in agricultural research in obtaining real time data from 
the field, which will improve the decision–making process to a 
large extent and help user community to draw contingent measures 
(Wang et al., 2005). A WSN system consists of (a) cluster of sensor 
nodes to monitor various processes and environmental conditions, 
and (b) a base station. A node is generally composed of processors, 
local memory and sensors. Base station will receive and process 
the data collected by the nodes and transmits it to the central server 
using internet connectivity. A typical WSN deployment is shown 
in Figure 1. The blue spots are the sensor nodes installed in a field 
which senses the weather/environmental parameters like 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

195 

temperature, humidity, CO2, etc. and will form hotspots and 
transmit the data wirelessly to the base station. From the base 
station, one may use ADSL (Asymmetric Digital Subscriber Line) 
to transfer data to a remote central server. In the current study, two 
distributed sensing devices were used:  FieldServer (FS) and 
Agrisens (AS). 

 

Figure 1. Typical WSN Deployment [Source: Fukastsu & 
Hirafuji, 2005] 

2.1.1 FieldServer (FieldServer, 2009): FieldServer is a distributed 
sensing device consists of web-server, 24-channels for multi-
sensors, web-camera, wireless LAN module and high intensity 
LED lighting for environmental monitoring. FS deployed in the 
current study consists of three sensors: ambient temperature, 
ambient humidity and CO2 concentration; and a web camera (to 
observe crop growth/condition). Figure 2 shows the FS installed in 
the study area. 

 

Figure 2. FS in Study Area 

2.1.2 AgriSens (SPANN Lab, 2009): AS is a closed-loop self-
organizing wireless sensor network comprising of sensor nodes 
equipped with an array of sensors that measure, and record data 
into an electronic database having several variables of interest.  

In the present study, AS housed relative humidity and relative 
temperature sensors equipped with robust self-organizing network 
infrastructure, signal processing and data prediction algorithms 
with a secure web portal in it. Typical Agrisens 
architecture/deployment in Figure 3.  

In addition, Wireless Weather Station (WWS) was also deployed in 
the shed net to argument the research aspects. 

 

Figure 3. Agrisens Architecture [Source: SPANN Lab, 2009] 

2.2 Decision Support System for Agro Technology Transfer 
(DSSAT) (ICASA, 2009) 

DSSAT tool is one of the principal products developed by the 
International Benchmark Sites Network for Agro technology 
Transfer (IBSNAT) and is fostered by the International Consortium 
for Agricultural Systems Applications (ICASA). It is a software 
package that integrates the effects of soil, crop phenotype, weather 
and management options. DSSAT  includes improved application 
programs for seasonal and sequence analyses that assess the 
economic risks and environmental impacts associated with 
irrigation, fertilizer and nutrient management, climate change, soil 
carbon sequestration, climate variability and precision management 
(Hoogenboom, 1994). DSSAT provides the validation of crop 
model outputs; thus allowing users to compare simulated outcomes 
with observed results. The DSSAT package incorporates models of 
27 different crops with new tools that facilitate the creation and 
management of experimental, soil, and weather data files. DSSAT  
includes improved application programs for seasonal and sequence 
analyses that assess the economic risks and environmental impacts 
associated with irrigation, fertilizer & nutrient management, 
climate change, soil carbon sequestration, climate variability and 
precision management (Hoogenboom et al., 1994). In the present 
study, CROPGRO model was used to find out the impact of 
climate change in terms of temperature and CO2 concentration in 
tomato crop cultivation. 

The future climate scenarios such as increase in temperature and 
CO2 concentration were used in the calibrated DSSAT model for 
the study site to determine the impacts on yield. A hypothetical 
study was under taken to determine the potential yield of tomato 
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cultivar Abhinav under 12 different combinations of CO2 and 
temperature magnitudes, including the fixed increments in CO2 
concentration in ppm (50, 100, 150) and temperature in 0C ( +0.5, 
+1, +1.5, +2)  individually and with all combinations of different 
levels. For simulating the effect of temperature change, the daily 
weather data (Tmax and Tmin) were increased by 0.5-2 C 
individually in the model and yield was simulated accordingly. 
Similarly, the climate change scenarios under different levels of 
CO2 concentration were applied by changing ambient CO2 from 
50-150 ppm in the model. Possible agro adaptations measures like 
alternate sowing dates were applied to the calibrated model and 
their impact on the crop yield was determined. Model was run for 
different dates of sowing under normal temperatures.  

2.3 Geo-ICT 

Geo-ICT is an emerging technology that is stemmed from the 
integration of geo-spatial information and imaging technologies 
with ICT. It is considered as a core emerging technology that forms 
a basis for spatial decision making, geo-computation and Location 
Based Services (GeoICT Lab, 2009). This emerging technology 
will open up many new applications resulting from a great 
improvement of data flow efficiency, on-line data processing, 
management and measurable savings of operational costs.  

A web-based distributed collaboration tool, called GramyaVikas 

was developed to assist the rural extension community in their day-

to-day rural development planning decisions (Adinarayana et al., 

2008). This cost-effective tool was developed with open-

source/free Geo-ICT tools. Plone (Plone, 2000) was used as a 

document publishing groupware (content management system).  

Geo-ICT and WSN technologies together could serve as a viable 

tool to solve some of the existing problems in dynamic agriculture 

systems. The advantages of this synergism include: centralized 

control over data & model; ubiquitous access; interconnectivity; 

sensor web-enablement; model propagation; educational platform; 

and interactivity, flexibility and new coordination among the user 

community with standardization/uniformity.  

A WSN module is embedded in GramyaVikas to integrate and take 
advantages of above synergism. The WSN module contains: Home 
(description about the current study and potentiality in rural 
systems); WSN (e-documents/links on WSN technologies, details 
of FS and AS, to access past/real-time weather data; crop 
condition/growth images through FS web-camera); DSSAT 
(DSSAT links, JPEG images climate change scenarios with respect 
to temperature and CO2 concentration levels and coping strategies); 
Irrigation Scheduling (to calculate ETo/ETc online on the basis of 
real-time weather data for irrigation requirement/scheduling) sub-
modules. Extension officers and decision makers in agriculture and 
environmental monitoring fields are the intended beneficiaries of 
this integrated tool.  

3. TEST BED 

In order to test and validate the impact of climate change on 
agriculture using the potential WSN & Geo-ICT tools, tomato 
(Abhinav) & Potato crops were chosen and grown under shed net 
conditions at IIT Bombay. Figure 4. shows the image of the test 
bed with latitude and longitude values using Trimble Geo XT GPS 
receiver in standalone mode. Potato crop wad damaged due to early 
blight and rodent attack. Hence, experiments were carried out only 
with tomato crop in the present study. Two FSs and two ASs were 
deployed to cover the entire plot in the shed net.  

 

Figure 4. Test Bed with Tomato and Potato Field 

4. EXPERIMENTAL RESULTS & DISCUSSION 

4.1 Wireless Sensor Network 

In the climate change analysis, two major parameters, with the data 

sampling interval of two minutes, were used: ambient temperature 

(from both AS & FS) and CO2 concentration (from FS). These 

served as input parameters for DSSAT modeling. WWS data 

supplemented whenever gaps from WSN data was observed.  

The maximum/minimum/mean temperature and CO2 concentration 

from WSN devices are shown in and Figures 5 and 6, respectively. 

The maximum and minimum temperatures recorded from WSN 

were 42.2 and 17.8 0 C, respectively. The mean temperature for the 

entire growing season was 25.9 0 C. Figure 5 shows that the 

concentration of CO2 was very high during the mid-season stage 

due to the vigorous growth. The maximum, minimum and mean 

CO2 concentration observed during the crop growth season were 

946.29 ppm, 693.8 ppm and 772.5 ppm, respectively. 

4.2 Decision Support System for Agrotechnology Transfer 
(DSSAT)  

CROPGRO (crop growth) simulation model of DSSAT was used 
to simulate the yield of tomato crop at different levels of 
temperature and CO2 concentration. This model was also used to 
suggest coping strategies under various temperature regimes. 
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Figure 5. Maximum, Minimum and Mean Temperatures During 
Crop Growth Season 

 

Figure 6. CO2 Concentration from FS During the Crop Growth 
Season 

4.2.1 Calibration of CROPGRO-Tomato: The CROPGRO - 
Tomato model was calibrated by the results obtained from WSN 
technology. The calibration of the model for a specific region and 
variety is essential for further simulations and climate change 
analysis. In the current study, calibration was carried out with only 
one season data. However, if require long term experiments to 
compute reasonably accurate genotype coefficient values. File 
containing ‘genotype confinements’ was used to estimate the 
genetic coefficient of Abhinav variety of tomato crop.  

4.2.2 Climate change scenarios: CO2 is a component of plant 
photosynthesis that influences biomass production. It also regulates 
the opening of plant stomata and, therefore, affects plant 
transpiration. As a result, plants growing in increased CO2 
conditions will produce more biomass and will consume less water. 
The yield variations of tomato was simulated through the crop 
growth model with the combinations of CO2 and temperature levels 
with fixed increments in CO2 concentration (50, 100 and 150 ppm) 
and temperature (ambient, +0.5, +1, +1.5 and +2 0C) levels. 
Maximum and minimum CO2 concentration levels observed were 
946.29 ppm and 693.8 ppm, respectively. These concentration 
levels were used as a base to simulate the climate change scenarios. 

It is observed that the simulated tomato yield decreased gradually 
due to an increase in temperature. Increase in CO2 level increased 
the tomato yield and at the same time increase in temperature from 
0.5 to 2 0C decreased tomato yield considerably and consistently. 
On the contrary, an increase in CO2 level at any particular 
temperature increased the grain yields (Table 1). Variation in 
tomato yield with increase in average temperature and CO2 
concentration levels during normal growing season is shown in 
Figure 7. 

Decision makers can plan their future strategies and plan 
contingent measures with respect to climate change scenarios in 
terms of increase in temperature and CO2 concentration levels by 
making use of sensory data in the field in real time mode and with 
the simulated results obtained from DSSAT. 

4.2.3 Coping Strategies: Stochastic dominance (SD) rules of 
DSSAT were used to evaluate the decisions about (simulated) 
finding the proper transplanting date.  These fairly simple 
management options were chosen to illustrate the methodology of 
combining crop modelling with SD. 

Temperature oC CO2 
Concentrati
on ( ppm ) 

+0.5 +1 +1.5 +2 

50   2638.5 23166 20238 17968.5 
100 29815.5 26185.5 20460 20460 
150 33066 28990.5 226 22638 

Table 1: Variations in Tomato Yield with Increase in 
Temperature and CO2 Concentration Levels 

Simulation of the effect of change in transplanting date was carried 
out using the CROPGRO model to investigate a suitable 
agronomic option for adaptation under the climate change 
scenarios. The effect of adjusting the transplanting dates for tomato 
was simulated by using the experimental results. In the current 
study, transplanting of tomato seedlings were done on 18th 
February 2009 and the yield obtained was 25900 kg/ha. This 
transplanting date and yield were taken as the reference for the 
study. The transplanting dates were varied in a five day interval 
and their effect was simulated keeping the above date and yield as 
reference date of transplanting. For determining optimal 
transplanting date, simulation was done with 5 days incremental 
level between 19th January and 15th Match (Figure 7). It is observed 
that January 19th gave the highest yield of 30657kg/ha and March 
15th depicted the lowest value of 22951 kg/ha. From this graph a 
decision maker can make a reasonably good choice on the date of 
transplanting.  

It has been observed that yield was considerably decreasing as the 
transplanting date is progressed. This may be due to the high 
temperature regimes in later stages of the growth. This observation 
is also in conformity with observed values of yields with increase 
in temperature as depicted in Table 1. For tomato crop, in this 
specific location, it is advised to transplant the crop in the 
beginning of January under the given conditions.  
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Figure 7. Effect of Transplanting Date on Tomato Yield 

4.3 Geo-ICT 

Real time as well as past records on various climate parameters at 
every two minutes from WSN can be accessed in the WSN module 
of GramyaVikas. A decision maker can make use of this data for 
irrigation scheduling, pest management aspects, yield forecasting, 
etc. as well as to monitor the crop growth (from web camera) 
ubiquitously. In addition, a provision is made in the DSSAT sub-
module of WSN module to demonstrate the applicability of 
DSSAT in climate change on the basis of temperature and CO2 
concentration variations. The results obtained from DSSAT model 
is incorporated in the module through JPEG images (Figure 8). 
Various recommendations and coping strategies according to 
climate change scenarios studied are also available in the module to 
the users.  General processing flow of the present studies is shown 
in Figure 9.  

 

Figure 8. DSSAT Module Showing the Static Pictures of Variation of Tomato Yield with Increase in Temperature and CO2  
Concentration Levels 

 

Figure 9. Processing Flow of Utility of WSN, DSSAT and Geo-
ICT for Climate Change Studies  

CONCLUSION 

Preliminary results obtained from the present study, using climate 
information gathering and analysis tools such as WSN, DSSAT 
and Geo-ICT under micro-climatic conditions, has demonstrated 
their utility to understand the climate change scenarios and 
planning the coping strategies to counter the risks. However, the 
decision making could be improved with long term experiments.   

REFERENCES 

Adinarayana J., Azmi S., Tewari G., Sudharsan D., 2008. 
GramyaVikas – A distributed collaboration model for rural 
development planning, Journal of Computers and Electronics in 
Agriculture, 62 (2), pp. 128–140. 

FieldServer, 2004. NARC (National Agricultural Research 
Center), Japan. http://model.job.affrc.go.jp/FieldServer/ 
FieldServerEn/ (accessed 16 June 2009). 

Fukatsu, T., and Hirafuji, M., 2005. Field Monitoring Using 
Sensor-Nodes with a Web Server. Journal of Robotics and 
Mechatronics, 17(2), pp. 164-172. 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

199 

GeoICT Lab., 2009. GeoSense, CSRE, IIT Bombay, 

http://www.csre.iitb.ac.in/geosense/index.html. (accessed 10 
April 2009)    

Hoogenboom, G., Jones, J, W., Wilkens, P, W., Batchelor, W, 
D., Bowen, W, T., Hunt, L, A., Pickering, N, B., Singh, U., 
Godwin, D, C., Baer, B., Boote, K, J., Ritchie, J, T., and White, 
J, W., 1994. Crop models, DSSAT Version 3.0, International 
Benchmark Site Network for Agrotechnology Transfer, 
University of Hawaii, Honolulu, Hawaii, pp. 620. 

ICASA, 2008. ICASA, (International Consortium for 
Agricultural Systems Applications) USA. 

http://www.icasa.net/dssat/ (accessed 28 April 2009). 

Plone., 2000. Plone Foundation, Houston, USA. 

http://plone.org/ (accessed 03 July 2009). 

SPANN Lab., 2009. SPANN Lab, Electrical Engineering 
Department, IIT Bombay, India. 

http://www.ee.iitb.ac.in/spann/agrisens/ (accessed 23 May 
2009). 

Wang, N., Zhang, N and Wang M., 2005. Wireless sensors in 
agriculture and food industry – Recent development and future 
perspective. Computers and Electronics in Agriculture. 50(1), 
pp. 01-14. 

 

 

 

 

 

 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

200 

CO2 SEQUESTRATION THROUGH MINERAL CARBONATION OF FLY ASH AND ITS USE IN AGRICULTURE 

S.D. Muduli∗, B.D. Nayak and N.K. Dhal 

Institute of Minerals and Materials Technology, Bhubaneswar 

KEYWORDS: CO2 Sequestration, Mineral Carbonation, Industrial Waste, Pot Culture, Growth Performance. 
 
 
ABSTRACT:  
 
Emission of CO2 from different sources has increased the effect of green house gases and global warming. Fixation of CO2 from 
atmosphere in the form of solid carbonates appears to be an option for reduction of CO2 concentration. Mineral carbonation is a process of 
chemical reaction in which minerals or its residues consisting of lime and magnesia become a source of carbonation. The material fly ash 
and gypsum are industrial wastes and causes disposal problem leading to environmental pollution. Gypsum (bassanite) is a calcium bearing 
material and fly ash contains silica and alumina. Combination of these materials provides a favorable ingredient for mineral carbonation. 
The combination of fly ash and gypsum in long term storage under atmospheric condition becomes a site for capturing atmospheric CO2. 
The bulk use of this carbonated ash was carried out in agricultural purpose to explore the feasibility of utilizing fly ash in improving the 
productivity of an acid lateritic soil through pot culture study. With this concept field experiments had conducted in medicinal plant garden 
site   in two fast growing tree species i.e. Acacia mangium and Dalbergia sisso in carbonated ash with different concentration. Taking 
various parameters like PH, EC, and WHC into consideration, the periodical growth rate of Acacia mangium   showed better response. The 
present paper will highlight the growth performance and sustainable use of fly ash in agriculture. 
 
 

                                                                 
∗ surabhidipali@gmail.com 

1. INTRODUCTION 

In recent years the amount of CO2 in the atmosphere has increased 
significantly and rapidly reaching 384 ppm in 2007 (Lackner et al., 
1995). The steep increase in atmospheric CO2 concentration is 
alarming and it has been attributed as a major factor in the increase 
of earth’s temperature. More than 7 Gtons of anthropogenic CO2 
are released to the atmosphere including a major contribution from 
the production of steel by the steel works each year (Liu et al., 
2000). The CO2 causes about 6-29% of the green house effect on 
the earth (Kiehl et al., 2006), as a result it helps in global warming 
and climate change. To minimize CO2 emission mineral 
carbonation is a process by which carbon dioxide is absorbed from 
the atmosphere and stored indefinitely. Mineral carbonation is an 
interesting concept which involves permanent storage of CO2 in 
silicate materials and alkaline solid materials as carbonate minerals. 
Alkaline solid materials are naturally carbonated by absorbing 
atmospheric CO2 because these solids contain a variety of 
thermodynamically unstable oxides, hydroxides, and silicate 
materials that can capture and convert CO2 into carbonates. Till 
date the majority of mineral carbonation research has examined in 
mined silicate minerals (Lackner et al., 1995; Connor et al., 2002). 
The oxide mineral sources are readily available through the reuse 
of industrial solid wastes and residues. The end product of 
sequestration may be amendable for beneficial re-use in 
construction material, agricultural etc.  

The thermal power plant industries produce millions tons of  coal 
fly ash each year which consists of fine particles of unburnt raw 
materials and some trace elements. Although a fraction of this is 
used for beneficial agricultural application, the industries dispose 
off several million tones annually in piles, quarries and landfills. 

Earlier workers have expressed increased concern over 
environmental pollution associated with the improper management 
of fly ash and gypsum. Therefore waste neutralization through 
sequestration may be an encouraging means to both capture carbon 
and mitigate the possible adverse health and environmental effects 
posed by improper disposal of fly ash and gypsum. Fly ash has a 
vast potential for use in agriculture as an amendment especially due 
to its physical condition which are conductive for plant growth as 
well as due to the presence of macro and micro nutrients in it. Soil 
properties as influenced by fly application have been studied by 
several workers (Aitken et al., 1984). Fly ash, which can be acidic 
or alkaline depending on the source, can be used to buffer the soil 
pH (Phung et al., 1978). Application of fly ash for increasing the 
pH of acidic soils (Phung et al., 1979) and improving soil texture 
(Chang et al., 1977) was investigated for agronomic benefits (Plank 
et al., 1975; Adriano et al., 1980;) and improving the nutrient status 
of soil (Schnappinger et al., 1975; Rautaray et al., 2003). 
Agricultural utilization of fly ash has been proposed because of its 
considerable content of K, Ca, Mg, S and P (Page et al., 1979; 
Adriano et al., 1980; Singh et al., 1997). Fly ash addition generally 
increases plant growth and nutrient uptake (Aitken et al., 1984).  

Researchers all over the world are searching new plant species 
suitable to be used in phytoremediation. While selecting a species 
for phytoremediation several factors have to be taken into account. 
The species should be fast growing, high biomass producing, with 
Profuse root system, tolerant to adverse environment condition, and 
non edible and economically beneficial (Alkorta, et al., 2004). 
With this concept two fast growing tree species i.e. Acacia 
mangium and Dalbergia sisso had been selected for pot culture 
study. 
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This paper represents the study of the feasibility of CO2 capture 
through fly ash and gypsum mixture and identifies the conditions 
that appear to improve the extent of sequestration. Here authors 
have observed the feasibility of utilizing this carbonated fly ash in 
improving the productivity of an acid lateritic soil through pot 
culture study 

2. MATERIALS AND METHOD 

Fly ash collected from Power Plants and the gypsum (Bassanite) 

brought from Phosphate producing industries were used as 

experimental raw material. The chemical compositions of both the 

raw materials were shown in the table 1. Carbonated ash was 

prepared by mixing fly ash and gypsum with the help of an alkali 

activator in wet condition. The mineralogical composition of the 

raw material was determined by X-ray diffraction. Three types of 

substrates were chosen to observe the feasibility of plant growth 

during the experiment; (i) garden soil serving as control (G); (ii) 

100% fly ash (O); and (iii) mixture of activated fly ash and garden 

soil (M) in the ratio of 3:1 (Table 2). Fly ash collected from Power 

Plants and the gypsum (Bassanite) brought from Phosphate 

producing industries were used as experimental raw material. 

Experiment was set up inside the green house, in pots. Replicates 

were taken per treatment. The Acacia mangium and Dalbergia 
sisso seedling were planted in the pot. The plants were allowed to 

grow in green house and watered at regular intervals to keep the 

soil saturated. After 180 days of transplantation, the plants were 

studied for the changes in growth. 

Major Elements Fly ash (wt %) Gypsum (wt %) 
 SiO2 59.03 - 
Al2O3 25.86 0.5 
Fe2O3 5.81 0.55 
TiO2 1.71 - 
CaO 1.07 32.5 
MgO 0.68 - 
K2O 1.89 - 
Na2O 0.07 - 
P2O5 0.72 0.45 
SO4 - 54.6 
F2 - 0.25 

Table 1: Chemical Composition of Raw Material 

Substrate pH Conductivity 
(µs/cm) 

Water 
Holding 

Capacity (%)
Garden soil (G) 5.0 97 56 
Fly ash (O) 6.9 108 66 
Activated ash 
(M) 

7.7 118 67 

Table 2: Physical characteristics of substrate 

3. RESULTS AND DISCUSSION 

3.1 Different Growth Parameters of Plants 

Analysis of X-ray diffraction of the mixture of fly ash Gypsum, 
water and chemical booster after 30 days of atmospheric exposure 
shows intermediate reaction phases such as Scawtite, and Calcite. 
The samples examined by DTA/TG indicate a major weight loss at 
165o C and 710o C. The weight loss at 165o C is due to the loss of 
structural water creating an intermediate phase like Scawtite. The 
loss at 710o C is due to the decomposition of Carbonate phase that 
forms in the reaction process. The X-ray Diffraction and DTA/TG 
analysis shows that there is appreciable formation of carbonate 
phases. Here from the experiment it is observed that calcium 
carbonate has detected in significant amount which is a single form 
of calcite in the carbonated fly ash gypsum mixture. Carbonation of 
fly ash begins by addition of CaSO4 to the mixture that is followed 
by the diffusion of calcium from gypsum which develops an 
alkaline condition and promotes in dissolution of silica and alumina 
of fly ash. In the process of dissolution, fly ash reacts with gypsum 
to form many hydrous intermediate unstable phases. By subsequent 
interaction and absorption of CO2 from atmosphere these unstable 
intermediate phases breaks to stable carbonate structures which 
converted the fly ash into a clay structure. Our study showed that 
although the fast growing tree species survived 100% in all three 
substrates, but activated ash showed the better growth response. 
.Activated ash is relatively alkaline than fly ash followed by garden 
soil. Water holding capacity of activated ash is comparatively 
better than other two substrates. From the field experiment it was 
observed that growth response of Acacia mangium and Dalbergia 
sisso seedling through activated ash was better (Table 3), which 
indicates mineral carbonation of fly ash can absorb atmospheric 
carbon dioxide and be reutilized   in agriculture under waste 
management programme creating ample scope for further study.  

During Seedling After 180 Days Name 
of 

Plant 

Type of 
Treatme

nt 
Heigh
t (cm) 

Girth 
(cm) 

Height 
(cm) 

Girth 
(cm) 

Garden 
soil (G) 

35 2 41 3 

Fly ash 
(O) 

33 2 43 4 

A. 
mangi
um 

Activated 
ash (M) 

30 2 157 6 

Garden 
soil (G) 

36 2 46 3 

Fly 
ash(O) 

30 2 53 4 

D. 
Sisso 

Activated 
ash (M) 

38 2 78 6 

Table 3: Growth Response of Acacia Mangium and Dalbergia 
Sisso Under Three Different Treatments 
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CONCLUSION 

The present study reveals that the chemical composition of fly ash 
and gypsum create a suitable condition for atmospheric CO2 
sequestration. In this process hydration mechanisms are involved 
through intermediate unstable phases. The main hydration product 
detected in the mixture is calcite and Scawtite. The incorporation of 
fly ash and gypsum mixture through mineral carbonation 
contribute as a good substrate for agriculture. Mineral carbonation 
of fly ash for carbon dioxide sequestration and its use in agriculture 
is a better option for sustainable environment and waste 
management. 
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ABSTRACT:  
 
Medium range weather forecast issued by NCMRWF/IMD was used to prepare weather based agro advisories.  Mandal wise rain fall data 
for four districts of Southern Telangana Zone viz., Ranga Reddy, Medak, Mahabubnagar and Nalgonda were analyzed from 2006-2009 to 
test the accuracy of the forecast. The analysis revealed that in low rainfall districts like Mahabubnagar and Nalgonda, the correct and usable 
rain forecast was high (69 to 82%) while in medium rainfall districts i.e., Ranga Reddy and Medak it varied from 61 to 73%. The economic 
impact assessment of weather based agro advisories in different crops during 2006-09 for the district of Ranga Reddy showed net benefit of 
Rs. 2,770/-, Rs. 3706, Rs. 3930 and Rs. 4950 per acre by controlling  sheath blight, stem borer, leaf folder and hispa in paddy, respectively 
and Rs. 2700/-, Rs. 820/- and Rs. 4320/- by controlling Helicoverpa in redgram, semilooper in castor and mealy bug in cotton. Thus, for 
sustainability, equality and stability of production, agro-advisories provides vital component of action research. 
 
 

1. INTRODUCTION 

Agromet advisory services is a vital tool which provides the 
valuable information about all agricultural operations starting from 
land preparation, sowing to harvest based on weather forecasting. 
The main aim of Agromet advisory services is to conserve the 
natural resources effectively and call for minimising the weather 
hazards.  

The utility of weather forecast further depends upon their reliability 
and applicability at micro level. Agriculturally relevant forecast is 
not only useful for efficient management of farm inputs but also 
leads to precise impact assessment (Gadgil, 1989 and Anonymous, 
2002).  

The weather forecasting at national level and bi-weekly agro-
advisory services at regional level has been critical in 
instrumentalising the farmers to adjust their production plans in 
favour of optimum production. However, a people centric group 
dynamic approach is still lacking (Sharma et al,2008). This article 
clearly shows the correct and usable rain forecast analysis for four 
districts of Southern Telangana Zone and also the benefit one can 
achieve by adopting agro advisory services than those not aware of 
it.  

2. MATERIALS AND METHODS 

The study area of Southern Telangana Zone spreads over 38,902 
Km2 and accounts for 14.1 percent area of Andhra Pradesh. It lies 
between 16010’ and 17043’ North latitude and 77022’ and 79021’ 
East longitude. Geographically, the zone comprises of 
Mahabubnagar, Medak, Rangareddy and Nalgonda districts. The 
average maximum and minimum temperatures vary between 33-

460C and 23-250C respectively. This zone includes 12.30 lakh 
hectares of cropped area and forms the major castor belt not only of 
the state but also of the country.  

The rainfall forecast was issued every Tuesday and Friday to all the 
districts of Southern Telangana zone. The predicted and observed 
meteorological data from 2006-2009 for rainfall was analysed 
mandal wise for verification / reliability of forecast. Thirty seven 
rain gauge stations of Ranga Reddy, forty six of Medak, fifty nine 
of Nalgonda and sixty four rain guage stations of Mahabubnagar 
were included in the analysis. The correct and usable rain forecast 
was compared for different mandals of the districts of the zone. 
The economic impact analysis was carried out based on the 
feedback obtained from identified AAS and non AAS farmers for 
different pests and diseases of crops like paddy, red gram, castor 
and cotton. 

3. RESULTS AND DISCUSSION 

3.1 Verification of Rainfall Forecast 

Verification of rainfall forecast analysis was done at mandal, 
district and zonal level and the results are as follows: 

3.1.1 Ranga reddy district: A close look at the error structure (%) 
of correct and usable rain forecast put together revealed that rain 
forecast was found to be least in Vikarabad, Basheerabad, Parigi, 
Pudur and Shamshabad (60.19 to 62.43%), less in central and 
western parts of the district adjoining to Karnataka (62.43 to 
64.83%). Good rain forecast was obtained for the eastern part of 
the district adjoining to Nalgonda and southern part of the district 
adjoining to Mahabubnagar (65.46 to73.37%) (Fig 1).  
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Figure 1. Mandalwise Correct and Usable Rainfall Forecast (%) 
in  Rangareddy District 

3.1.2 Medak district: The error structure (%) for rainfall analysis 
in Medak district revealed that the correct and usable rain forecast 
in eastern part of district adjacent to Nalgonda (70.02 to 75.07%) 
was found to be very good. China kodur recorded the highest value 
(75.07%). In central and western part of the district and three 
mandals of eastern part, the % of correct and usable rain forecast 
was found to be good (65.01 to 69.92%). The analysis indicated 
that the error structure was found to be higher in the mandals 
adjoining to low rainfall districts like Nalgonda than the other 
mandals of the district (Fig 2). 

 

Figure 2. Mandalwise Correct and Usable Rainfall Forecast (%) 
in  Medak District 

3.1.3 Nalgonda district: The correct and usable forecast in 
Southern parts of Nalgonda was excellent. It was 82.39% in 
Marriguda and 82.16% in Chandampet. In central part, remaining 
southern parts and some eastern parts of the mandals showed very 
good (72.24 to 81.93%) while in northern parts adjacent to Ranga 
reddy and some central parts, the error structure was less (69.70 
to72.02 %), however in Bibinagar, Marpalle and Pochampalle it 
was found to be least  (66.92 to 69.70%) (Fig 3). 

 

Figure 3. Mandalwise Correct and Usable Rainfall Forecast (%) 
in  Nalgonda District 

3.1.4 Mahabubnagar district: The error structure (%) for rainfall 
analysis both correct and usable rain forecast in Waddepalle, 
Veepangandla, Talakondapale and Alampur was found to be 
excellent (79.89 to 81.76 %) while in most of the southern, western 
and eastern parts it was very good (66.60 to 79.13 %).Good rain 
forecast was obtained in some mandals of northern and central 
parts (66.60 to 79.13 %) while least in Mahabubnagar (58.53%) 
(Fig 4) 

3.1.5 Southern telangana zone: Southern Telangana zone was 
analyzed for error structure (%) of rainfall in all the four districts 
and the results revealed that out of all the districts, eastern and 
southern parts of the zone were found to be very good (69 to 82%) 
followed by northern parts of the zone where it was good (66.11 to 
75.07%) while in central parts of the district it was less (62.83 to 
73.37%).Thus, the analysis indicated that all over the Southern 
Telangana zone, the % error structure of rainfall mostly ranged 
from 62.83 to 82% (Fig 5) 
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Figure 4. Mandalwise Correct and Usable Rainfall Forecast (%) 
in  Mahbubnagar District 

 

Figure 5. Mandalwise Correct and Usable Rainfall Forecast (%) 
in  South Telengana Zone 

Similar results were reported by Sanjay and Agarwal, 2008 where 
in the analysis of verification of rainfall forecast at Jabalpur centre 
showed that during South-West monsoon, usability percentage was 
low (23 to 50 %) whereas during post monsoon, winter and 
summer was between 64 to 100%, 75 to 100% and 86 to 100 % 
respectively. 

3.2 Economic Impact Assessment 

Name 
of the 
Crop 

Weather 
Element 

Year Disease/Pes
t 

Yield 
Kg/acr

e 

Loss(%
) 

Pric
e Rs. 
/Kg. 

Total 
Yield 
Loss 

(KG/ac
) 

Av. 
Crop 
Loss 

Rs/acr
e 

Cost
* 

Rs/ac 

Net 
Benefit 
Rs/ac 

Distric
t Area 

(ac) 

Adopt
-ion of 
AAS 
(%) 

Benefit 
Accrued 

Paddy Humidity 2006-07 Sheath 
blight  

2100 25 6.0 525 3150.0 380.0 2770.0 49525 60 8.23 

Paddy Temperature 2008-09 Stem borer 2800 19 8 532 4256 550 3706 30463 70 7.9 
Paddy Cloudiness/ 

Temperature 
2008-09 Leaf folder 2800 20 8 560 4480 550 3930 30463 60 7.2 

Paddy Temperature 
/ Rainfall 

2008-09 Hispa 2800 25 8 700 5600 650 4950 30463 40 6.0 

Redgr
am 

Rainfall/ 
Cloudiness 

2006-07 Helicoverpa 350 40 21.0 140 2940.0 240.0 2700.0 7344.5 25 5.00 

Castor Temperature
/ Rainfall 

2007-08 Semilooper 400 20 15.0 80 1200.0 380.0 820.0 16428 15 0.20 

Cotton Temperature
/ Rainfall 

2008-09 Mealy bug 900 20 29 180 5220 900 4320 16184 80 5.5 

Table 1: Economic Impact Assessment of weather based Agro Advisories (AAS) in different crops in different years  during 2006-
2009 for the  district of Ranga Reddy 

As a case study, Ranga reddy district was considered to study the 
impact of agromet advisories on the economic returns to the 
farmers. Insect pests like stem borer, leaf folder and hispa in paddy, 
Helicoverpa in redgram , semilooper in castor and mealy bug in 
cotton and sheath blight in rice were considered for the study. 

Critical weather elements contributing to pests and diseases in 
various crops and finally the benefit accrued by following agro-

advisory services for the entire district has been evaluated. 
Economic impact assessment of weather based agro-advisories 
(AAS) in different crops during 2006-2009 is given in Table 1. 

By considering the yield loss, total area and percent adoption under 
each crop in the district, monetary benefit accrued to the farmers 
are shown in table 1. Results revealed that, the benefit was more 
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with respect to staple crops like paddy and other commercial crops 
like cotton. The impact was clearly visible with respect to the 
diseases which are mainly weather driven. Net benefit of Rs.2770/-
, Rs.3706/-, Rs.3930/- and Rs.4950/- per acre was obtained by 
controlling sheath blight, stem borer and hispa  in paddy, Rs.2700/-
, Rs.820/- and Rs.4320/- by controlling  Helicoverpa  in redgram , 
semilooper in castor and mealy bug in cotton, redpectively (Table 
1). 

Kushwaha et al (2008) reported that AAS farmers harvested 19.4, 
21.7 and 20.9 q acre-1 compared to 17.5, 20.0 and 19.8 q acre -1 
yield of rice crop which was 10.8, 8.5 and 5.6 per cent more than 
Non –AAS farmers,  

Similar results were reported by Prasad Rao and Manikandan, 
(2008). The percentage increase in yield varied from 6.3 to 19.2% 
depending upon the season and crop due to agromet advisory 
services based on weather forewarning. The benefit in terms of 
crop yield varied from 6.3 to 19.2%, 6.4 to 12.2% and 7.3 to 8% in 
rice, banana and coconut respectively. 

CONCLUSION 

The correct and usable rain forecast (%) which is of immense use 
to the farmers to fine tune their agricultural operations still has to 
be improved. Further more emphasis is needed for timely 
dissemination of weather based agro advisories to the farming 
community.  

Thus the issue of agro advisories to the farmers help to avoid the 
adverse effects of weather events like heavy rain, dry spell, high 

wind speed which influences the growth of the crops. It is observed 
that the high benefit has been realized with the efficient 
management practices based on the agro advisories which contains 
the information mainly on weather parameters and do not depend 
on high input application. 
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ABSTRACT:  
 
Jharkhand state, geographically located at 22o 28’ N -25o 30’ N latitude and 83o 22’ – 87o 40’ E Longitude with an altitude up to 1142 m 
above msl and  having humid to sub-humid tropical monsoon type of climate, has a number of agro-climatic/physiographic constraints. 
Undulating terrain, shallow soil depth, low water retentive capacity and poor fertility of soils, fragmented holdings, high intensity (causing 
severe soil erosion) often erratically distributed (prolonged dry spells) rainfall and very meagre irrigation potential (10-12%) are the most 
important constraints. Hence, agriculture is more difficult, tedious and challenging here than most other parts of the country. A 
considerable increase in average monthly maximum temperature and consistent increase in rainfall pattern with high variability, in recent 
decades, has further enhanced the agricultural problems in Jharkhand. Analysis of more than 40 years data of rainfall and temperature, 
recorded at Agrometeorological observatory located at Kanke (Ranchi) has revealed an increase in occurrence of extreme weather events 
with marked change in climate of Jharkhand state. The state is privileged to receive good amount of rainfall almost round the year.The 
annual average of rainfall has shown an increasing trend over the decades, the period 2001-08 being an exception because of the few 
drought years in this period.. It increased consistently from 1250.5 mm (1961-70) to 1623.5 mm (1991-2000). The quantitative increase in 
rainfall may be considered as a positive change in Jharkhand but it was associated with simultaneous increase in variability also (cv: 13% 
in 1961-70 to 20% in 1991-2000) which increased the level of uncertainty and possibility of intermittent prolonged dry spells. The increase 
in annual rainfall was mostly confined in the monsoon period. High intensity rainfall, often received in monsoon months, intensify the 
problem of soil erosion. Uncertainty on the dates of monsoon onset and its withdrawal also puts a great problem before the farmers. A 
considerable rise in temperature, over the decades, has been recorded in Jharkhand which might be one of the climatological reasons why 
the productivity has remained stand still over the decades though the total production has increased due to many other scientific efforts. 
From 1961 onwards the maximum temperature has been found in increasing trend. The increase in temperature, particularly the maximum 
temperature has been found to have considerable adverse effect on crop performances, more on the rabi season crops.  
 
 

1. INTRODUCTION 

Agriculture in Jharkhand is mainly rainfed and is characterised by 
undulating terrain, shallow soil depth, low water retentive capacity, 
poor soil fertility and fragmented holdings with meagre irrigation 
potential (10-12%). Rainfall and temperature play a decisive role in 
suitability, adaptability and productivity of crops in a given region. 
The Intergovernmental Panel on Climate change predicts that 
during the next decades, billions of people, particularly those in 
developing countries, will face changes in rainfall patterns that will 
contribute to severe water shortages or flooding, and rising 
temperature that will cause shift in cropping pattern and growing 
seasons. 

Impacts of changes in the rainfall (pattern and magnitude) and 
temperature as well as an increase in extreme events have profound 
effect on food availability and socio-economic conditions of a 
region and alternate cropping pattern may be needed to 
accommodate such changes.  It is reported that during the past 100 
years, global mean surface air temperature have risen by 0.740C 
and it is projected to rise by 1to 30C during this century. Hingane 
et.al., (1985) reported that the Country-wide annual surface air 
temperature has increased by 0.4 oC /100 years in this century but 
the rate of increase slowed down in the recent three decades. The 
monsoon season rainfall was in decreasing trend over east Madhya 
Pradesh and adjoining areas, North-east India and parts of Gujarat 
and Kerala (Kumar et. al., 2002). Climate change is a global 
phenomena but the rate of change and its expected consequences is 

region specific. Hence, the use of indigenous knowledge and local 
coping strategies has to be taken as a base line and starting point of 
the adaptation planning. 

2. MATERIALS AND METHODS 

Trend of rainfall and temperature vary significantly at regional 
scales and studies are very limited for the Jharkhand region. By 
recognising the importance of it, the study was conducted at 
Kanke, Ranchi, located at 23.17o N latitude and 85.19oE longitude 
with an altitude of 625m above msl. Rainfall, maximum and 
minimum Temperature (1961-2008) data recorded for the given 
place were analysed following standard statistical procedures. 
Trends of rainfall was studied for annual, winter (January to 
February), summer (March to May), monsoon (June to September) 
and post monsoon (October to December) seasons for the region. 
Different varieties of wheat crop were grown in 2008 and 2009, 
with recommended package of practice, to see the effect of 
temperature variations on crop performances.  

3. RESULTS AND DISCUSSION 

3.1 Changes in Rainfall Pattern 

On an average Ranchi region receives annual rainfall of 1423.9mm 
spread over 73 rainy days with 19 % coefficient of variation. The 
season-wise rainfall distribution indicated that 82 % of annual 
rainfall is confined within the four monsoon months (June-
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September). Summer and post monsoon rain contributes about 8% 
and 7 %, respectively whereas the least rainfall is received in 
winter (3%).  Variation in annual as well as seasonal rainfall may 
be considered as a measure to examine climatic variability/change 
over the region. Inter and intra decadal variability of rainfall 
(Table-1) revealed that annual and monsoon season rainfalls are 
more reliable than other seasons. The variability of annual rainfall 
was relatively high (19%) during the period 2001-2008 than the 
decade 961-71 (13%). Very high values of rainfall variability in 
winter (92%), summer (54%) and post monsoon (120%) in the 

recent years (2001-08) has created a kind of uncertainty for the 
crops being grown in seasons other than monsoon season. Hence, 
raising crops in rabi season (post-monsoon) as well as in pre-
monsoon seasons requires assured irrigation facilities. Hence, 
rainwater harvesting during its plenty and its re-use during its 
scarcity seems to be the only alternative in Jharkhand state. This 
will be helpful in growing successful crops in rain-scarce periods as 
well as in giving life saving irrigations to standing crops raised in 
monsoon season (rain abundance period) in the events of prolonged 
dry spells. 

Rainfall (mm) Seasons 
1961-70 1971-80 1981-90 1991-2000 2001-08 1961-2008 

Annual 
 

1250.5(13) 1430.0(18) 1430.5(14) 1623.5(20) 1375.4 (19) 1423.9(19) 

Winter 
 

40.6(48) 63.8(58) 43.9(64) 43.7(99) 46.6(92) 47.8(72) 

Summer 
 

100.8(56) 99.5(44) 132.3(34) 94.9(43) 115.4(54) 108.3(46) 

Monsoon 
 

1026.2(16) 1160.9(20) 1156(16) 1371.5(21) 1183.3(21) 1168.6(21) 

Post-monsoon 
 

82.9(78) 105.8(76) 98.3(64) 113.3(64) 95(120) 99.2(77) 

Table 1: Decadal Variability in Annual and Seasonal Rainfall in Ranchi Region () Figures in Parentheses are cv% 

Trends in rainfall on annual and seasonal basis were also worked 
out decade-wise and are presented in Table 2. The annual rainfall 
showed an increasing trend over a period of 48 years from 1961 to 
2008 for Ranchi region. The incline was at the rate of 5.6 mm/year. 
Similar trend was noticed in monsoon (5.2 mm/year), summer 
(0.29 mm/year) and post monsoon (0.13 mm/ year) rainfall but 
slight decline trend was noticed in winter rainfall (-0.03 mm/year). 
In recent years (2001-2008) an increasing tendency of annual, 
winter, summer and monsoon was noticed whereas post monsoon 
rainfall showed a decreasing trend by at a rate of 22.8 mm/year. 
Increasing trends for annual as well as monsoon rainfall were also 
noticed for three decades 1961-70,1981-90, 1991-2000 and in 
recent years except for the decade 1971-80s. 

Decades 
1961-

70 
1971-

80 
1981-

90 
1991-
2000 

2001-
08 

 
1961-
2008 

 
 
Annual 
Winter 
Summer 
Monsoon 
Post 
monsoon 

+1.6 
-1.3 
+8.1 
+7.8 
-13.0 

-15.1 
+1.9 
+2.3 
-8.5 

-11.0 

+35.3 
-3.5 
+0.7 
+29.8 
+8.4 

+29.7 
+5.4 
-4.6 

+28.4 
+0.48 

+20.8 
+4.5 
+0.42 
+38.7 
-22.8 

+5.6 
-0.03 
+0.29 
+5.24 
+0.12 

Table 2: Rainfall Trends (mm/year) for Decades and the Period 
1961-2008 

3.2 High Intensity Rainfall and Soil Erosion 

Light textured soils of this region having shallow depths are very 
prone to erosion in case of high intensity rainfall under the 
undulating terrain conditions. The trend of change in different 
levels (25-50 mm, 50-75 mm, 75-100 mm and more than 100 mm) 
of erosive rainfall events in 24 hours have been studied (Table-3 ) 
for different decades. It is observed that the frequency distribution 

of different intensity ranges of erosive events show an increasing 
trend in number of events over the decade i.e.15.3 (1961-70) to 
20.5 (1991-2000) and decreased slightly (18.1) during the recent 
years 2001-2008. Soil of Jharkhand is very shallow and lands are 
undulating with varying slops, intensify the extents of soil erosion. 
It is apprehended that such increase in number of erosive events 
may worsen the situation by leaving the top fertile soil barren and 
unproductive. 

Ranges (mm) Decades 
25-50 
mm 

50-75 
mm 

75-100 
mm 

>100 
mm 

Total 

1961-70 
1971-80 
1981-90 
1991-2000 
2001-2008

10.9 
11.1 
12.3 
13.4 
13.3 

3.4 
3.7 
3.4 
3.8 
3.0 

0.5 
1.2 
1.0 
2.0 
1.0 

0.5 
0.7 
0.7 
1.3 
0.8 

15.3 
16.7 
17.4 
20.5 
18.1 

Table 3: Frequency Distribution of Mean Erosive Rainfall (mm) 
Events in Different Decades 

3.3 Monsoon Onset and Withdrawal 

Proper planning and scheduling of cropping activities in rainfed 

areas can effectively be done only when the farmers have some 

idea of normal date of monsoon onset, its withdrawal and length of 

the rainy season. A perusal of data in Table-4 reveals that the 

normal weeks (Standard Meteorological week, SMW) of start and 

end of rainy season, in this region, are 24th SMW (11-17 June) and 

44 SMW (29 Oct -4 Nov), respectively. Normal duration of rainy 

season is 20 weeks (140 days) and the length of rainy season 

ranged from 13 weeks (91 days) to 29 week (203 days) 
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 showing a higher value of variability. This type of uncertainty with 
regard to the duration of monsoon season puts a major limitation, 

before the scientists and farmers, in choosing right crops and 
varieties of appropriate duration. 

Start of Rainy Season 
(SMW) 

End of Rainy Season 
(SMW) 

Duration of Rainy Season 
(Week) 

Early Late Mean CV% Early Late Mean CV% Max. Min. Mean CV% 

23 27 24 4.6 38 52 45 9.8 29 13 21 20.5 

Table 4: Start, End and Duration of Rainy Season at Ranchi 

3.4 Temperature Rise and its Impact on Crops  

The average monthly maximum temperature for the recent years 

(2001-2006) has been found considerably higher than the average 

monthly maximum temperature of the decade 1961-1970 (Fig. 1). 

The maximum rise of 1.21 oC has been noticed in the month of 

May followed by Feb (0.82 OC), Dec (0.76 OC), April (0.51 OC), 

March (0.43 OC), Jan (0.3 OC), June (0.15 OC) and November (0.1 
OC). In previous few years it has been found that the considerable 

rise in maximum temperature started from 10th of February which 

is alarming for Rabi crops. This rise in temperature has been 

reported to cause sterility in wheat crop. It has been analyzed that 

the years preceded by below normal rainfall coupled with its erratic 

distribution and prolonged dry spells were the worse victims of 

temperature rise. In case of coincidence of temperature rise with 

the flowering stage, the available technology “applying irrigation 

even if the soil moisture is adequate” is being advised to the 

farmers to escape the sterility in wheat.  
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Figure 1. Decadal Change in Average Monthly Maximum Temperature in Ranchi (Jharkhand) 

Temperature rise in Jharkhand, due to global warming as well as 
due to local reasons, has shown its peak effect in summer months 
this year (2009) when the maximum temperature, in most parts of 
the state, prevailed 4-7 oC above the normal, continuously for 
weeks together coupled with scanty and/or no summer rainfall 
(unprecedented).  

Maximum air temperatures prevailed from 1st January to 25th  
February in 2008 and 2009 have been illustrated in Fig. 2. It can be 
seen that the temperature in 2009, from 26th January to 25th 
February (Boot-Milking stage of wheat crop) was much higher 
than the temperature in previous year prevailed during the same 

period. This increase in temperature in 2009 caused advancement 
in flowering by 12 days, shortening of growing period by 7-8 days 
and considerable reduction in yield of some varieties (HW2045 & 
NW 2036) of wheat crop (Table 5.) 

Days to 
Flowering 

Days to 
Maturity 

Grain Yield 
q ha-1 

Wheat 
Varietie

s 2008 2009 2008 2009 2008 2009 
HW 2045 84 72 120 112 43.6 30.3 
NW 2036 84 72 123 116 43.8 41.7 

Table 5: Crop Performances of Wheat Varieties in 2008 and 
2009 in Ranchi 
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CONCLUSION 

The changing pattern of Jharkhand climate thus, calls for reviewing 
the agricultural strategies and research priorities for sustainable 
agriculture. The most important aspect of the agricultural strategy 
would be to evolve heat resistant varieties of crops and to add such 
characters in existing varieties by the plant breeders. Other 
important aspects would be “the soil and water management” & 
“weather based crop management” to cope up with the changing 
climate.    
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ABSTRACT:  
 
Mangroves found in the intertidal zone are considered as a very productive area with high rates of organic carbon accumulation due to the 
presence of highly diverse marine and terrestrial flora, fauna including microbes. Organic carbon concentration and composition are 
closely linked to the biogeochemistry of the substrate, which occurs on the earth surface and in deep-sea sediments in various geological 
intervals correlating the strong interactions in between sedimentary organic matter, microorganisms, mineral phase etc. In the present study 
sediment samples were collected from three different localities such as Baraipur, Thakurdia and Khola of Bhitarakanika estuary. Isolation 
and enumeration of microbes as well as estimation of total organic carbon content of the sediment samples has been done. Total bacterial 
count was found to be more i.e. 2.5×105 CFU/gm and least i.e. 1.5×104 CFU/gm in the sediments of Khola and Thakurdia respectively. The 
organic carbon content was found to be least i.e. 1.7 mg/gm and more i.e. 19.20 mg/gm in Thakurdia and Khola region respectively. pH of 
all the three sediments was found to vary between 6.43 to 6.67 from which indicates that mangrove sediments are slightly acidic in nature. 
The present paper will highlight on the effect of sediment and organic carbon on microbial population, enumeration and its effect on 
Bhitarakanika microbial diversity. 
 
 

                                                                 
∗nkdhal@immtbhu.res.in 

1. INTRODUCTION 

India has a total area of 4461 sq. km under mangroves, which 
represent a major environment of tropical coasts, is 0.14% of the 
country’s total geographic area. It account for about 5% of the 
world’s mangrove vegetation (State forest report, 2003). Nearly 
57% of the mangroves of India are found along the east coast 
(Kathiresan, 2003). Extensive mangrove forests occur in the major 
river deltas such as Budhabalanga, Subernarekha, Bhitarkanika, 
Mahanadi and Devi river mouths of Orissa coast extending over 
480 km along the Bay of Bengal. Mangroves of Bhitarkanika is the 
second largest viable mangrove ecosystem in India after the 
Sunderbans (Mishra et al., 2008; Thatoi, 2004). It covers an area of 
672 sq. km extending between 86°48’–87°03’E long. and 20°33’–
20°47’N lat. The Government of Orissa declared this area as a 
sanctuary in 1975 for better protection of the habitat. Later, the 
core area (145 sq. km) of the sanctuary was declared as a National 
Park in the year 1998. Due to its rich diversity in flora and fauna, 
this mangrove area has been declared as a Ramsar site in 2002, 
being a wetland of international importance (Reddy et al., 2007). 
Mangroves are highly productive and act both as a source and a 
sink of organic carbon (Marchand et al., 2006).  The mangrove 
habitat is referred to as an advancing coast, where the land 
advances toward the sea due to soil sedimentation (Kinjo et al., 
2005). The distribution of microbial activities in estuarine systems 
is clearly complex and variable. Much research remains to be done 
in order to define the distributions of microbial activities and the 
major factors involved in controlling these distributions in 
estuaries. It is interesting to note that for any given water column 
depth, the proportion of organic matter deposited in the sediments 

which is degraded by microbial processes appears to be similar in 
fresh and salt waters (Wollast and Billen, 1981). Qualitative 
differences in the input and content of organic material between 
freshwater and marine sediments likely affect microbial activities 
in the sediments. Analysis of the composition of sediment organic 
matter readily reflects trends in organic carbon sources. The 
oxidations of deposited organic matter, regeneration of inorganic 
nutrients and in some cases, transformation of those organic 
materials, are generally attributed to the sediment microbiota 
(Fenchel & Blackburn, 1979). In the present investigation attempt 
has been made to study the effect of organic carbon content with 
the microbial diversity of different sampling sites of Bhitarakanika 
mangrove estuary. 

2. MATERIALS AND METHODS 

The study area is the Bhitarkanika mangrove (lat 200 4’-200 8’ N- 
long 860 45’-870 50’ E) ecosystem of Orissa state, east coast of 
India, which is situated in the deltaic region of Brahmani river and 
Baitarani river of Orissa. The sediment samples were collected 
from 3 different locations of dense mangrove such as Baraipur, 
Thakurdia and Khola regions of the Bhitarkanika estuary (Fig.1). 

2.1 Estimation of Organic Carbon of Sediment 

Sediments were collected from 3-4cm depth of the soil with the 
help of a spatula and transferred to the laboratory soon. The 
collected samples were first air-dried and successively oven dried 
at 60-650C. The dried samples were ground by the help of a grinder 
till fine powder and kept in a sterile polythene zip pack. The 
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laboratory apparatus were acid soaked (Chromic acid) before the 
analysis. After acid soaked, it is rinsed thoroughly with tap water 
and distilled water to ensure any traces of cleaning reagents were 
removed. The surface sediments were air-dried first followed by 
oven drying and after homogenization using pestle and mortar, it 

was passed through a 2-mm mesh screen and stored in 
polyethylene bags for further analysis. Organic carbon content of 
the sediment samples were analysed followed by the methods of 
Walkey and Black (1934). 

 

Figure 1.  Map Showing Sampling Sites of Bhitarakanika 

2.2 Isolation of Bacteria and Fungi 

Sediment samples were stored at 40C immediately after collection 
and transported to the laboratory, for analysis with adequate care. 
The sediments were air dried aseptically. Isolation of bacteria and 
fungi from mangrove sediments was carried out by spread plate 
method. The samples were plated on different solid medium such 
as Nutrient Agar and Potato Dextrose agar for the isolation of total 
bacteria and fungi respectively and kept in incubator for growth. 
Bacterial colonies growth was observed in NA plate after 24 hrs 
and fungal colonies growth was observed in PDA plate after 36-48 
hrs. Enumeration of the bacterial and fungal colonies was done and 
isolated colonies were maintained in pure culture forms in slants. 

3. RESULTS 

The organic carbon content in the sediment samples was found to 
be 1.7mg/gm, 10.16mg/gm and 19.20 mg/gm in Thakurdia, 
Baraipur and Khola regions respectively (Fig. 2). The total 
bacterial and fungal count, estimated by colony counting method 
was found to be more in Khola where as less in Thakurdia region 
of Bhitarakanika. The total microbial count was found to be higher 
i.e. 2.5×105 CFU/gm whereas less i.e. 1.5×104 CFU/gm in Khola 
and Thakurdia respectively (Table 1). The microbial load increases 
with the increase in organic carbon content of sediments of 
different localities (Fig.3) The sediment pH of Khola was found to 
be least i.e. 6.43 where as Thakurdia was slightly more that is 6.67. 
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Figure 2. Organic Carbon Content in Different Sampling Areas 
of Bhitarakanika 

Sl 
No. 

Sampling 
Areas 

Bacterial 
Count/gm 

Fungal 
Count/gm 

Total 
Microbial 
Count/gm 

1 Baraipur 1.7*105 1.7*103 1.7*105 
2 Thakurdia 9.5*103 6.0*103 1.5*104 
3 Khola 2.5*105 2.0*103 2.5*105 

Table 1: Total Microbial Colony Count from the Sediments of 
Different Sampling Areas: 
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Figure 3. A Comparision Study Between Organic Carbon 
Content and Total Microbial Load in Different Stations of 
Bhitarakanika (B-Baraipur, T-Thakurdia & Kh-Khola) 

4. DISCUSSIONS 

Estimation of organic carbon can serve as an important tool in 
determining the status of food available to benthic fauna and 
indicates the extent to which the bottom is fertile for the 
sustainance of microbes. The Thakurdia sediment is somehow 
sandy where as the sediment of Khola is clayey. The total 
microbial count was found to be higher in sediments of Khola and 
lower in Thakurdia sediment may be due to depletion of organic 
carbon in these stations. OC is present as the carbon in extractable 
organic matter (EOM). Organic carbon represents the organic 
matter in the sediments and this is of potential siginificance for 
aquatic productivity. The range of variation in organic carbon 
content may be due to soil texture, sediment quality, nature of 
vegetation, rate of accumulation of dead and decayed part and 
animal materials. The microbial load was found to be higher when 
the organic carbon in the sediments was higher. The fluctuation in 
pH values may be due to sewage deposition, pollution etc. 

CONCLUSION 

Mangrove habitat are cooler, having low pH, organic carbon 19.20 
mg/gm much. The distribution of organic carbon in sediment and 
total microbial population was found to be directly propotional 
with each other. Hence from the present study a positive 
corelationship between distribution of organic carbon and 

microbial population was observed which indicates microbial 
population will be more if organic carbon of sediment increases. 
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ABSTRACT:  
 
Climate involves a complex interplay of physical, chemical and biological processes of the atmosphere, ocean, sea-ice and land surface. It 
is now well understood that although detailed weather fluctuations can not be predicted beyond a certain time period, it is possible to 
predict several space-time averaged processes of atmosphere, land, ocean and sea-ice over a certain regions for a longer period of time i.e. 
climate change. This has been made possible because of better understanding of the dynamics of the coupled tropical ocean-atmosphere 
system and also significant improvements have been made in the models of atmosphere and oceans. A major component of any climate 
model is the representation of Land Surface Processes. The land surface exchanges moisture, momentum and heat with atmosphere.  More 
realistic treatment of land parameters like soil wetness, land use and land cover changes including urbanization, Leaf Area Index (LAI) etc. 
are required to be done adequately. The land surface processes (LSP) are significant because of their heterogeneous nature - spatially and 
temporally. A successful inclusion of LSP in climate model must address the issues related to the regional scale variation of the properties 
of LSP. This is why a proper understanding of land surface processes is very crucial for climate simulation using numerical models. 
Community Climate System Model (CCSM3), a coupled model developed at National Center for Atmospheric Research (NCAR) 
containing atmosphere, ocean, sea-ice and land processes, simulation have been analysed for suitability in the Indian Monsoon region. The 
offline Community Land Model (CLM), taken from CCSM3, simulation forced with a given atmospheric conditions have also been 
analysed for the Indian Monsoon region. Both the simulation results are compared with observed climatological features and assessment to 
improve CCSM3 for regional climate change studies is made. 
 
 

1. INTRODUCTION 

Climate involves a complex interplay of physical, chemical and 
biological processes of the atmosphere, ocean, sea-ice and land 
surface. It is understood that weather fluctuations can not be 
predicted beyond a certain time, however, it is possible to predict 
several space-time averaged phenomena of atmosphere, land, 
ocean and sea-ice over a specific region for a longer period of time 
i.e. climate change. This has been made possible because of proper 
understanding of the dynamics of the coupled tropical ocean-
atmosphere system and also significant improvements have been 
made in the models of atmosphere and oceans. The proper 
understanding of Land Surface Processes is one of major 
component of any climate system because of their heterogeneous 
nature - spatially and temporally. The land surface processes 
exchanges moisture, momentum and heat with atmosphere.  The 
more realistic representation of land processes like soil wetness, 
land use and land cover changes including urbanization, Leaf Area 
Index (LAI) etc. are required to be addressed. To understand the 
changing procedure of the climate and to foretell the true future 
climate/weather, the research community feels the necessity of a 
climate system model coupled with atmosphere, ocean, land 
surface and sea-ice in an interactive mode. As a result, the 
Community Climate System Model (CCSM) has been procreated 
from the Community Climate Model (CCM), a global atmospheric 
model, and made available to the users worldwide by the climate 
research community to represent the principal components of the 
climate system and their interactions. The CCSM is a coupled 
model for simulating past, present, and future climates. In its 
present form, CCSM consists of four components for the 

atmosphere, ocean, sea-ice, and land surface linked through a 
coupler that exchanges fluxes and state information among these 
components. CCSM3 is the CCSM version 3 model and, is used 
for the present study.  In this study, a climate simulation of CCSM3 
model and one year offline simulation of Community Land Model 
(CLM) have been compared. The short description of different 
component of CCSM3 is given in section 2. The section 3 
describes the results and discussion from the simulation study, 
while conclusions are given in section 4.  

2. OVERVIEW OF CCSM3 

The CCSM3 system includes new versions of all the component 
models: the Community Atmosphere Model version 3 (CAM3; 
Collins et al. 2006), the Community Land Surface Model version 3 
(CLM3; Dickinson et al. 2006), the Community Sea Ice Model 
version 5 (CSIM5; Briegleb et al. 2004), and the ocean is based 
upon the Parallel Ocean Program version 1.4.3 (POP; Smith and 
Gent 2002). New features in each of these components are 
described below. Each component is designed to conserve energy, 
mass, total water, and freshwater in concert with the other 
components. CCSM3 has been designed to produce simulations 
with reasonable fidelity over a wide range of resolutions and with a 
variety of atmospheric dynamical frameworks. This is 
accomplished by introducing dependence on resolution and 
dynamics in the time step and 12 other adjustable parameters in 
CAM3 (Collins et al. 2006). The standard version of CAM3 is 
based upon the Eulerian spectral dynamical core with triangular 
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spectral truncation at 31, 42, and 85 wave-numbers. The zonal 
resolution at the equator ranges from 3.75° to 1.41° for the T31 and 
T85 configurations. The vertical dimension is treated using 26 
levels with a hybrid terrain-following coordinate. The vertical grid 
transitions from a pure sigma region in the lowest layer through a 
hybrid sigma–pressure region to a pure pressure region above 
approximately 83 mb. The physics of cloud and precipitation 
processes include separate prognostic treatments of liquid and ice 
condensate; advection, detrainment, and sedimentation of cloud 
condensate; and separate treatments of frozen and liquid 
precipitation (Boville et al. 2006). The radiation is based on 
generalized treatment of cloud geometrical overlap (Collins et al. 
2001) and the parameterizations for the long-wave and shortwave 
is interactive with water vapor. The land model is integrated on the 
same horizontal grid as the atmosphere, although each grid box is 
further divided into a hierarchy of land units, soil columns, and 
plant functional types (Dickinson et al. 2006). There are 10 
subsurface soil layers in CLM3. Land units represent the largest 
spatial patterns of sub-grid heterogeneity and include glaciers, 
lakes, wetlands, urban areas, and vegetated regions. The turbulent 
transfer coefficient dependent on canopy density characterized by 
leaf and stem area indices (Dickinson et al. 2006). The transfer 
coefficient is used to obtain aerodynamic resistances for heat and 
moisture that are inputs to the calculations for latent and sensible 
heat fluxes. Over large areas of Eurasia, these changes result in a 
reduction in the 2-m air temperature by 1.5–2 K. The different 
surface data for each land grid cell are glacier, lake, wetland, and 
urban portions of the grid cell; the fractional cover of the 4 most 
abundant PFTs in the vegetated portion of the grid cell; monthly 
leaf and stem area index and canopy top and bottom heights for 
each PFT; soil color; and soil texture. These fields are taken from 
International Geosphere-Biosphere Programme (IGBP) land-
surface datasets and interpolated to model grid from high resolution 
data sets. The atmospheric forcing parameters (viz. wind, 
temperature, humidity, precipitation and solar radiation etc) 
required to integrate offline CLM3 are provided from NCEP 
analysis. The ocean model uses a dipole grid with a nominal 
horizontal resolution of 3° or 1°. The semi-analytic grids have the 
first pole located at the true South Pole and the second pole located 
over Greenland. The vertical dimension is treated using a depth (z) 
coordinate with 25 levels extending to 4.75 km in the 3° version 
and 40 levels extending to 5.37 km in the 1° version. The 1° grid 
has 320 zonal points and 384 meridional points. The spacing of the 
grid points is 1.125° in the zonal direction and roughly 0.5° in the 
meridional direction with higher resolution near the equator. The 
sea ice model is integrated on the same horizontal grid as the ocean 
model. The physical component models of CCSM3 communicate 
through the coupler (Drake et al. 2005). The physical models 
execute and communicate via the coupler in a completely 
asynchronous manner. The coupler links the components by 
providing flux boundary conditions and, where necessary, physical 
state information to each model. The coupler monitors and enforces 
flux conservation for all fluxes that it exchanges among the 

components. The basic state information exchanged by the coupler 
includes temperature, salinity, velocity, pressure, humidity, and air 
density at the model interfaces. The basic fluxes include fluxes of 
momentum, water, heat, and salt across the model interfaces. The 
three standard configurations of CCSM combine the T31 
CAM/CLM with the 3° POP/CSIM, the T42 CAM/CLM with the 
1° POP/CSIM, and the T85 CAM/CLM with the 1° POP/CSIM.  
For the present study T42 CAM/CLM with the 1° POP/CSIM is 
employed due to constrain in computational power. However, in 
future scientific study with finer resolution will be carried out. 

 

3. RESULTS AND DISCUSSIONS 

A climatological simulation of CCSM3 and one year offline 
simulation CLM3 has been accomplished. The climatological 
simulation is accomplished using the default setting of all the 
parameters for all the model components. The output parameters 
are stored as monthly mean. Since our interest is only related to 
atmospheric processes, we analyzed few parameters from the 
atmospheric and land component of the model only. The offline 
land model results are also analyzed. The parameters analysed in 
this study are simulated climatological large-scale circulation 
features, surface latent and sensible heat fluxes, surface 
temperature and precipitation rate both from the coupled and 
offline simulations. The NCEP climatological analysis is used to 
verify the temperature, large-scale circulation and fluxes, while the 
GPCP climatological rainfall analysis is used to verify the 
simulated precipitation rate.   

The simulated climatological large-scale circulation features for the 
month of June-July-August (JJA) and the corresponding 
climatological circulation features from the NCEP analysis are 
shown in Fig. 1(a-b). The cross-equatorial flow, the Somali jet and 
the dominant features of the monsoon circulation over Arabian Sea 
have been reproduced satisfactorily in the simulations (Fig. 1a). 
The strength of the Somali jet is around 12-14 m/s in the NCEP 
analysis (Fig. 1b); however, in the simulation it is around 8-10 m/s. 
The west coast of India and west coast of Southeast Asia 
experience strong onshore flow near 0oN to 15oN.   Though the 
model has been able to simulate the large-scale circulation features 
quite well, it has underestimated the strength of flow in most of the 
high wind region especially near Somali region, Southern Indian 
Ocean and Southern Pacific Ocean. The meridional component of 
the wind is also simulated satisfactorily. The gyre like flow present 
in the Northern Pacific Ocean in the NCEP analysis is absent in the 
simulation. Figure 1(c-d) shows the simulated climatological large-
scale circulation features for the month of December-January-
February (DJF) and the corresponding climatological circulation 
features from the NCEP analysis. The NCEP date (Fig. 1d) shows 
easterlies over the Indian monsoon region and south of Indian 
Ocean i.e. south of 10oS, with very weak westerlies in between 
equator and 10oS, with very weak westerlies in between equator 
and 10oS. The simulation (Fig. 1c) shows easterlies over south and 
westerlies over north of Indian monsoon region with comparable 
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magnitudes as in observations. The strength of the easterlies over 
the Indian monsoon region is slightly stronger as compared to the 
observed in the simulations. However, the weak easterlies along 
5oS are simulated like in the observations. The dominant flow 
along equatorial region, Southern Indian Ocean is underestimated 
in the simulation. As a whole, the flows in the simulation are 
underestimated both in the summer and winter seasons. 

 

Figure 1. (a-b):  The Mean Climatological Simulated June-July-
August (JJA) Near Surface Wind (m/s) and the Corresponding 
JJA Winds from the NCEP. (c-d): Same as (a-b) but for 
December-January-Feb 

The rainfall, the most important parameters for the tropical weather 
system is discussed here. The June-July-August (JJA) 
climatological precipitation rate from the simulation and the 
corresponding GPCP rain rate are shown in Fig. 2(a-b). The GPCP 
JJA mean rain rate (Fig 2b) over India shows two peaks: a 
relatively weaker one over Western Ghats and another, a relatively 
stronger peak, over the head of the Bay of Bengal. Both of these 
areas receive strong onshore flow. The rain rate produced in 
simulation is of higher magnitude in comparison to the GPCP 
magnitudes over most parts of India. However, the orientation of 
the strong rainfall belt matches well with the observation, which 
extends from India eastwards and shows southwards tilt. The 
simulation has produced a very high unrealistic rainfall over central 
African region, which is not present in the GPCP rain rate.  The 
mean climatological December-January-February (DJF) 
precipitation rate from the simulation and corresponding GPCP 
rain rate are shown in Fig. 2(c-d). The GPCP rain rate (Fig. 2d) is 
homogeneously distributed over the whole Indian Ocean, with two 
peaks: one over Madagascar and another over southwest Asia.  
Though the simulation has also produced the two peaks, the 
magnitude of rain rate peaks in the simulation is over estimated. 
The simulation has produced a very unrealistic high rain over 
equatorial Pacific Ocean, which is not present in the GPCP rain 
rate. The monthly averaged time-series of simulated rainfall 
(mm/day) from the CAM (Fig-3a) and the CLM (Fig-3b) along 
with observation in the coupled as well as offline simulations over 
Indian sub-continent are shown in Fig. 3. The coupled simulation 
has underestimated rainfall in both the figures, while offline 
simulation result of CLM matches quite well with the observation. 

 

Figure 2. (a-b):  The Mean Climatological Simulated June-July-
August (JJA) Precipitation Rate (mm/d) and the Corresponding 
JJA Precipitation Rate from GPCP. (c-d): Same as (a-b) but for 
December-January-February (DJF) 

 

Figure 3. a) Time-series of Simulated Rainfall (Community 
Atmospheric Model - Coupled Simulation) along with 
Observation. b) Time-Series of Simulated Rainfall (Community 
Land Model – Coupled and Offline Simulation) along with 
Observation. (Over Indian region) 

The projection of surface temperature is another crucial parameter 
for climate change studies. The simulated mean climatological 
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June-July-August (JJA) surface temperature and corresponding 
climatological surface temperature from the NCEP analysis are 
shown in Fig. 4(a-b). The isotherms in the NCEP analysis (Fig. 4b) 
are distributed well in the Indian Ocean region, with maximum 
temperature is ranging in between 300-305 K. The spatial pattern 
of the simulated surface temperature is also matches well with the 
observed temperature. However, in the simulation, range of 
maximum temperature contour is higher by 3-4 degree when 
compared with that of observed one. This could be due to improper 
surface flux correction between ocean and atmospheric model. The 
simulated mean climatological December-January-February (DJF) 
surface temperature and corresponding mean climatological DJF 
surface temperature from NCEP analysis are shown in Fig. 4(c-d).  
The simulated surface temperature structure is matches well with 
observed features. However, range of maximum temperature 
contour is higher by 3-4 degree in the simulation when compared 
with observed temperature. Overall there is higher temperature 
contours are present in the simulation when compared with NCEP 
analysis. The monthly averaged time-series of simulated surface 
temperature (K) from the CLM along with observation in the 
coupled as well as offline simulations over Indian sub-continent are 
shown in Fig. 5. The coupled simulation has overestimated surface 
temperature by about 8-10K, while offline simulation result of 
CLM has also overestimated the temperature by about 3-5K when 
compared with observation. The high overestimation in the coupled 
simulation may be due to the improper surface flux correction 
during coupling between ocean and atmospheric model.  

 

Figure 4. (a-b):  The Mean Climatological Simulated June-July-
August (JJA) Surface Temperature (K) and the Corresponding 
JJA Surface Temperature from NCEP. (c-d): Same as (a-b) but 
for December-January-February (DJF) 

 

Figure 5. Time-series of Simulated Surface Temperature 
(Community land model - Coupled and Offline Simulations) 
along with Observation 

The deficiency in the understanding of ocean and cloud 
processes in the global climate system can lead to wrong 
climate prediction. Heat transfer at the sea surface plays a 
crucial role to link the ocean and the atmosphere, and 
consequently, to the generation of clouds. Therefore, 
monitoring of the heat transfer between the ocean and the 
atmosphere is crucial for understanding a global climate system. 
The heat transfer has four components, that is, shortwave 
radiation, long-wave radiation, latent heat flux, and sensible 
heat flux. Shortwave radiation transfers heat from the 
atmosphere to the ocean, while the other three components 
mainly transfer heat from the ocean to the atmosphere. The 
magnitude of the heat flux strongly depends on time and 
location. Generally, shortwave radiation and latent heat flux are 
principal components of the heat transfer. Although the 
shortwave radiation is larger than latent heat flux, the latent heat 
flux is more important for the global climate problem because 
of inherent characteristics, like the large amplitude of inter-
annual and spatial variability. It is in striking contrast to 
shortwave radiation. The shortwave radiation has large diurnal 
and annual distribution pattern over different locations. This 
variability is depends on the representation of atmospheric 
constituents (e.g. aerosol parameters), their representative 
values, cloud types and attenuation. All these require region 
specific calibration with in situ measurements. The latent heat 
included in water vapor can be freely moved from one place to 
another. This characteristic is closely related to the 
redistribution of heat energy in the global climate system and is 
one of the essential factors for understanding a global climate 
system. Numerical Weather Prediction (NWP) analysis-forecast 
systems provide 6-hourly fluxes with global coverage. 
However, uncertainties in model physical parameterizations can 
lead to uncertainties in surface fluxes from the global NWP 
analysis-forecast systems. Differences in model and data 
assimilation configurations also lead to discrepancies in surface 
fluxes between different analysis products.  
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The simulated climatological surface latent heat flux for the 
month of June-July-August (JJA), December-January-February 
(DJF) and the corresponding climatological latent heat flux 
from NCEP analysis are shown in Fig. 6. The model has been 
able to simulate the observed features quite well during JJA as 
well as DJF over the Pacific Ocean and south Indian Ocean. 
However, the model has underestimated the latent heat flux 
over Atlantic Ocean and Central America.  Sensible heat flux at 
the air-sea interface is due to the temperature difference 
between the cold skin and air temperatures. A falling raindrop is 
in thermal equilibrium with its surroundings, with a temperature 
corresponding to the web-bulb temperature of the atmosphere at 
its height. The temperature of the raindrop as it hits the ocean 
surface is equivalent to the web-bulb temperature of the 
atmosphere just above the surface. The differences between 
these two temperatures could range from small to larger 
depending on the nature of the rain. Both latent and sensible 
heat fluxes are important parameters in understanding the 
atmosphere/ ocean heat and fresh water transports. 

 

Figure 6. (a-b):  The Mean Climatological Simulated June-July-
August (JJA) Surface Latent Heat Flux (w/m2) and the 
Corresponding JJA Surface Latent Heat Flux from NCEP. (c-d): 
Same as (a-b) but for December-January-February (DJF) 

 

Figure 7. (a-b):  The Mean Climatological Simulated June-July-
August (JJA) Surface Sensible Heat Flux (w/m2) and the 
Corresponding JJA Surface Sensible Heat Flux from NCEP. (c-
d): Same as (a-b) but for December-January-February (DJF) 

The simulated mean climatological June-July-August (JJA) surface 
sensible heat fluxes and corresponding mean climatological JJA 
surface sensible heat fluxes from the NCEP analysis are shown in 
Fig. 7(a-b).  The pattern of fluxes in the simulation (Fig. 7a) has 
matches closely with observation (Fig. 7b), however the model has 
under estimated the fluxes over Pakistan and Afghanistan. The 
simulated mean climatological December-January-February (DJF) 
surface sensible heat fluxes and the corresponding mean 
climatological DJF surface sensible heat fluxes from the NCEP 
analysis are shown in Fig. 7(c-d).  The simulated fluxes from the 
CCSM model matches quite well with the observed fluxes. The 
monthly averaged time-series of simulated latent heat-flux (Fig. 8a) 
and sensible heat-flux (Fig. 8b) from CAM along with observation 
from the coupled simulations over Indian subcontinent are shown 
in Fig. 8. The pattern of annual cycle of simulated latent heat-flux 
matches quite well with observation, however, there some 
differences with range a range of 8-10 w/m2 in the exact value of 
fluxes over Indian subcontinent region. The pattern of annual cycle 
of sensible heat-flux has also matched quite well with the 
observation. However, the coupled simulation has overestimated 
the sensible heat-flux over Indian subcontinent. 

 

Figure 8. a) Time-series of Simulated Latent Heat-Flux 
(Community Atmospheric Model) and b) Time-series of 
Simulated Sensible Heat-Flux (Community Atmospheric 
Model) along with Observation Over Indian Region 

CONCLUSION 

A 10-year climatological branch run of CCSM3 has been done 
using the restart files from NCAR’s 1990 control run as initial 
conditions with the default setting of all the model components and 
one year offline simulation CLM3 has been accomplished. All the 
model outputs are stored on mean monthly basis. The preliminary 
results of the simulation of atmospheric components like large-
scale circulation, surface temperature, rainfall, latent and sensible 
heat fluxes are analysed and compared with observed 
climatological features. The rainfall simulation from the CLM for 
coupled as well as offline simulations are compared. The 
parameters from the offline simulation of CLM3 match reasonably 
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well with observations than the coupled simulation results. The 
other simulation results are comparable with the observed features 
with a few exceptions in the simulation of surface temperature and 
fluxes in the coupled simulation. The major differences in the 
coupled simulation may be due to the overshooting of sea-surface 
temperature because of high biases generated during coupling of 
Ocean and atmosphere. These deficiencies will be addressed in 
future studies using real-time forcing the coupled simulation.   
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ABSTRACT: 
 
The Third Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) concluded that many collectiveobservations gave 
a aspect of a global warming and other changes in the climate system. It is very important to understand thisprocess accurately, and to 
construct the model by whom an environmental change is accurately forecast. Future earthobservation using satellite data should monitor 
global climate change, and should contribute to social benefits. Especially, human activities has given the big impacts to earth environment. 
This is a very complex affair, and nature itself also impacts the clouds,namely the seasonal variations. JAXA (former NASDA) has the 
plan of the Global Change Observation Mission (GCOM) formonitoring of global environmental change. SGLI (Second Generation GLI) 
onboard GCOM-C 1 (Climate) satellite, which is one of this mission, is an optical sensor from Near-UV to TIR. SGLI can provide the 
various high accuracy products of aerosol, cloud information, various biophysical parameters (Biomass, Land Cover, Albedo, NPP, Water 
Stressed Vegetation, LST, etc.), coastal information (CDOM, SS, PAR, CHL, SST, etc.), and cryospheric information (Albedo, Snow/Ice 
Cover, NDII, Sea ice type, Snow Grain Size, NDSI, Snow Surface Temperature, etc.). This paper shows the introduction of the unique 
aspects and characteristics of the next generation satellite sensor, SGLI/GCOM-C, and shows the preliminary research for this sensor. 
 
 

1. INTRODUCTION 

For the environment analysis, continuous global observation is 
necessary. Satellite remote sensing is very useful for this purpose 
and can provide the spatial and temporal monitoring of global 
environment. JAXA has made a new plan of Global Change 
Observation Mission (GCOM) for monitoring of global 
environmental change and understanding the mechanism of global 
environmental change, including global warming. Data obtained 
from GCOM are necessary for the monitoring of global climate 
change and the improvement of climate model, and it should bring 
useful contribution to social benefits. 

GCOM is a follow-on satellite observation mission incorporating 
the technology and results of GLI (Global Imager) and AMSR 
(Advanced Microwave Scanning Radiometer) on ADEOS-II. The 
GCOM mission will consist of two series of medium-sized 
satellites: GCOM-C (Climate) and GCOM-W (Water). GCOM-C 
satellite will carry the instrument of SGLI (Second Generation 
GLI), which is the advanced version of GLI. On the other hand, 
GCOM-W satellite will carry the AMSR follow-on instrument 
such as scatterometer like SeaWinds onboard ADEOS-II. Three 
consecutive generations of satellite with one year overlap will be 
operated in over 13 years observing period. GCOM is designed to 
establish a long-term observation for monitoring global 
environment changes, improving knowledge of climate system, 
developing climate forecast models, and distributing the 
environmental data. 

1.1 GCOM-C/SGLI 

SGLI, optical sensors observe the reflected solar radiation and/or 
the infrared radiation from the surface of the earth including land, 
ocean, and cloud using multiple channels for measuring the 
biological contents (chlorophyll, photosynthetically active 
radiation, and vegetation index), temperature, snow, and ice cover, 
and cloud distribution. These data are useful for understanding the 
global circulation of carbon, estimating radiation budget, 
monitoring environmental changes, and also our comprehension of 
primary marine production. 

SGLI has 19 spectral channels from near ultraviolet to thermal 
infrared. In particular, SGLI has some unique channels, which have 
been used rarely in previous: 380 nm channel for aerosol detection 
over land, 763 nm for oxygen absorption, and 1,380 nm for cirrus 
cloud detection. 11 channels from Near-UV to SWIR have a 
resolution of 250 m at the nadir and 2 channels in the MTIR have a 
resolution of 500 m, which cover a large portion of the earth’s 
surface with various spatial scales. Various geophysical parameters 
consisting of atmospheric, oceanic, land, and cryospheric 
parameters, are retrieved from radiance data from SGLI. These 
parameters are used for evaluating ocean and land biomass and 
primary production on a global scale, for generating global fields of 
clouds, water vapor, and aerosol parameters, and for monitoring 
snow/ice properties around bi-polar regions, and so on (Refer to 
Table1). 
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2. SIMULATION RESULTS OF SGLI LAND PRODUCT 
FROM EXISTING DATA 

In this chapter, some original SGLI Land products are discussed. 
These products are estimated by using new and unique channels of 
GCOM-C/SGLI sensor, and are expected as useful SGLI Land 
products for understanding and improvement of climate change. 

2.1 Change detection of vegetation biomass 

SGLI can observe surfaces of the earth on slant in RED-NIR 
region. This function improves the detection efficiency of 
vegetation biomass. Conventional biomass estimation method 
using existing vegetation couldn’t reflect the 3D (three-
dimensional) structure of vegetation canopy. Fig. 2 demonstrates 
the advantage of multi-angle observation applied to the detection of 
biomass change for NOAA/AVHRR data. Fig. 2 shows the change 
of vegetation biomass obtained from multi-angle observation of 
RED and NIR during 1995 to 1999 in China. In Fig. 1, enclosed 
regions by white circle show large differences between 1995 and 
1999. In these regions, vegetation cover changes strongly. 

In the case of Fig. 1, NOAA/AVHRR data obtained from different 
path were used. For the SGLI, different angle observation is 
available with along track. It means that SGLI can observe 
different angle reflectance in almost same atmospheric condition. 

 

Figure 1. Biomass change detection using multi-angle 
observation data. 

2.2 Shadow Index (SI) 

The influence of shadow is inevitable to satellite data. In vegetation 
areas, the ratio of visible shadow space varies widely with tree 
type, plant growth, season, and so on, because the structure and 
roughness of vegetation are different each other. Then, taking into 
account the influence of shadow effect, new vegetation index is 
developed. This index is named shadow index (SI). The results are 
shown in Fig. 2. As seen from Fig. 2, SI expresses the difference of 

vegetation coverage and type, such as closed and open, or 
evergreen and deciduous broadleaf. Thus, it is expected that SI is 
useful for vegetation analysis of land-cover classification, 
vegetation-type classification, and vegetation biomass estimation, 
and so on. 

 

(a)  (b) 

Figure 2. The images of ADEOS-II/GLI 250 m data around 
Indochina Peninsula on 2003/4/7-2003/4/22. The data shown 
are (a) NDVI image and (b) shadow index (SI) image in gray 
scale. Shadow index is estimated by utilizing the normalization 
method. 

2.3 Water Stress Trend (WST) 

Water is indispensable for animals and plants. The shortage of 
water is serious for many forms of life, but waterless area is 
spreading out by the impact of global warming. By monitoring 
plant growth, it is possible to grasp the water stress state of land, 
and we developed a new vegetation index, named Water Stress 
Trend (WST). Water is hard both to warm up and to cool down. 
This means that temperature variation of vegetation depends on the 
quantity of water stress. Based on this water characteristic, WST is 
estimated using the quantity of temperature change. 

Recently, the drought damage of Australia becomes serious 
problem. Fig. 3 shows the WST results in two periods. Water stress 
was little in 2005, but big in 2006. As seen from Fig. 3, though 
WST in 2005 (Fig. 4 (a)) is small in the whole area, many big areas 
of WST are there in 2006 ((Fig. 3 (b)). 

Therefore, WST which estimated from the accumulation of 
difference in radiant temperature is useful to detect waterless area. 

 

(a) 
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(b) 

Figure 3. The Images are Accumulation of Difference of 
Radiant Temperature for Area Around Australia. Accumulation 
of Difference of Radiant Temperature was Calculated Using 
Day and Night Data. Data are (a) 2005/8/12-2005/8/20 and (b) 
2006/8/12-2006/8/20as Observed By Terra/MODIS 

2.4 Fire Detection Index (FDI) 

SGLI does not have 4 μm channel which plays a significant role to 

the forest fire detection for MODIS and upcoming VIIRS data 

processing, however, SGLI will has finer spatial resolution 

channels such as 250 m for 1,600 nm and 500 m for 10.8 μm. To 

detect the forest fire from SGLI data, the thresholding technique 

will be available for 10.8 μm, 2,200 nm, 1,600 nm channels. Fig. 4 

shows the simulated images of forest fire for ASTER band 4 (1,600 

nm) and 13 (10.8 μm) by averaging into 250 m, 500 m and 1,000 

m of spatial resolution over San Bernardino, CA on 26 Oct. 2003. 

This result shows that spatial resolution improvement makes the 

SGLI forest fire detection ability comparable with that of MODIS 

and VIIRS 

 

(a) 

 

(b) 

Figure 4. (a) ASTER band 4 (resolution 250m), (b) ASTER 
band 4 (resolution 1000m) 

 

(c) 

 

(d) 

Figure 4. (c) ASTER band 13 (resolution 500m), (d) ASTER 
band 13 (resolution 1000m) 

3. SUMMARY 
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The Japan Aerospace Exploration Agency (JAXA; former 
NASDA) is making up the plan of the Global Change Observation 
Mission (GCOM) for monitoring of global environmental change. 
The launch plan is in 2014. SGLI (Second Generation GLI) 
onboard GCOM-C satellite is one of this mission, and provides 
optical sensors from Near-UV to MTIR. Characteristic 
specifications of SGLI are as follows: 

1. Ultra Violet (380 nm), 

2. Three direction polarization observation (red and NIR), 

3. 250 m resolution (from Near-UV to SWIR), 

4. 500 m resolution (MTIR). 

From these new and unique characteristics, SGLI Land products 
are generate land surface reflectance which are corrected the 

atmospheric effect enough, and their qualities are high. Therefore, 
GCOM-C/SGLI data brings useful information on many fields of 
human benefit. 

On 16 Feb., 2005, Kyoto Protocol entered into force, and Third 
Earth Observation Summit had agreed on 10-Year Implementation 
Plan for GEOSS. The social benefits on GEOSS mainly focus 9 
items, which are disasters, health, energy, climate, water, weather, 
ecosystem, agriculture, and biodiversity. GCOM seeks to establish 
a long-term observation system for monitoring global environment 
changes, improving knowledge of climate system, developing 
climate forecast models. GCOM-C/SGLI is useful satellite to grasp 
the absorption quantity of carbon dioxide (CO2) for land 
ecosystem, and to monitor forest area. Therefore, SGLI can 
contribute effectively to IPCC, Kyoto Protocol, and GEOSS. 

 

Table 1: GCOM-C1 / SGLI Products 

Common notes: 
*1. Heritage levels from ADEOS-II/GLI study are shown by A-C; A: high heritage, B: Remaining issues, C: new or many issues remaining 
to be resolved 

*2. The “release threshold” is minimum levels for the first data release at one year from launch. The "standard" and "research" accuracies 
correspond to full and extra success criteria of the mission. Accuracies are basically shown by RMSE. 
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ABSTRACT:  
 
In the present study, an attempt has been made to analyze the rainfall during the onset and progress phase of the Indian summer monsoon 
of 2009 starting from the onset period to August using IMSRA technique developed in-house. Contrary to IR, microwave rain rates are 
based on measurements that sense precipitation in clouds and do not rely on cloud top temperature. IMSRA technique is the combination 
of the IR and microwave measurements. Geostationary satellites provide broad coverage and frequent refresh measurements but 
microwave measurements are accurate and sparse. The assessment of rainfall estimate has been carried out by intercomparison with 
TRMM-3B42 and validation using the ground based data. These studies are taken up to enhance the capability of rainfall retrievals in near 
future from both INSAT-3D and Megha-Tropiques, IR and MW imagers respectively. 
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1. INTRODUCTION 

The temporal and spatial distribution of rainfall and their variability 

over the country is very crucial because Indian economy is highly 

dependent on agriculture. It is said that Indian budget is a monsoon 

gamble. An early or delayed onset followed by the intensity and 

distribution of monsoon rainfall are very crucial for the total annual 

agricultural yield. So, it is very important to study the onset, 

progress and distribution of monsoon rainfall over the country.  

Southwest monsoon is generated by the large thermal gradient 

between the heated Indian landmass and the surrounding ocean 

with relatively colder temperature. Any disturbances such as low 

pressure, cyclones that forms over the monsoon region can 

significantly influence the advancement and performance of the 

monsoon system.  

Over India and adjoining oceans rain information is available 

through ground based radar and dense network of rain gauges. The 

meteorological satellites provide the rapid temporal update over the 

globe. For the retrieval of rain from IR data various algorithms 

have been developed. Major algorithms are GOES Precipitation 

Index (GPI) (Arkin et al. 1979) and Modified GOES Precipitation 

Index (MGPI) (Mishra et al. 2009). These algorithms are used for 

larger spatial and temporal scales. A complete overview of the 

early work and physical premises of VIS and IR techniques is 

provided by Barrett and Martin (1981). But, precipitation from IR 

measurements is based on indirect methods which do not represent 

the true interpretations mostly due to cloud types like Cirrus.  

At passive microwave frequencies precipitation particles are the 
main source of attenuation of upwelling radiation. Thus, 
microwave techniques are more direct than those based on VIS/IR 
radiation. But, the biggest disadvantage is the poor spatial and 
temporal resolution. The first due to diffraction which limits the 
ground resolution for a given satellite microwave antenna and the 
latter due to the fact that MW sensors are consequently only   
(0.250x0.250). IMSRA algorithm uses a proper cloud classification 
scheme (Roca et al.2002) followed by Kalpana-1 IR and TRMM-
PR microwave data for the retrieval of rainfall. This technique 
gives better performance than GPI and MGPI techniques (Mishra 
et al., 2009). In the present study, we have analyzed the rainfall 
from the monsoon onset to August 2009 using this technique. The 
validation with ISRO-AWS data has also been carried out for these 
months 

2. DATA USED 
 

2.1 Kalpana-1 Data 

Kalpana-1 satellite is dedicated meteorological geostationary 
satellite launched by GSLV and operating since 24th Sept 2002. 
This geostationary satellite carries onboard a Very High Resolution 
Radiometer (VHRR) along with other instruments. This sensor 
operates in three wavelengths band namely VIS, TIR, WV .In WV 
and TIR, spatial resolution is 8 Km where as in VIS band spatial 
resolution is 2 Km. 

 Thermal IR band-TIR: 10.5μm-12.5μm 

 Visible band- VIS: 0.55μm-0.75μm 

 Water vapour band-WV: 5.7μm-7.1μm 

 In the present study we used the IR and WV data. 
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2.2 Automatic Weather Station (AWS) Rain Guage Data 

The Indian Space Research Organization (ISRO) designed AWS is 

as a very compact, modular, rugged, powerful and low-cost system 

and housed in a portable, self contained package. Among many 

other sensors it has a Tipping bucket rain gauge with a magnet and 

reed switch with unlimited rain measuring capacity with accuracy 

of less than 1 mm. AWS transmits its hourly meteorological data in 

burst of 68 millisecond duration (at a data rate of 4.8 kbps). At 

present there are about 300 AWS are operationally working all 

over India. INSAT Data Collection Platform is used for data 

acquisition. For the validation of the present algorithm the rain 

gauge data during June 2009 to August 2009 are used. 

2.3 TRMM-3B42 Data 

The Tropical Rainfall Measuring Mission (TRMM) is a joint US-
Japan Satellite Mission to monitor tropical and subtropical 
precipitation and to estimate its associated latent heating. It was 
launched in the late November 1997 in to circular orbit 
approximately 350 km altitude (now raised to 420 km) and 35° 
inclination from the equatorial plane. 

The TRMM-3B42 is a standard TRMM data product which is a 
merged rain product derived using Geostationary IR data and 
Microwave observation. The data from TRMM satellite are 
archived and distributed by the National Aeronautics and Space 
Administration (NASA) Goddard Space Flight Centre (GSFC). For 
the intercomparision of the present technique the TRMM-3B42 
data is downloaded from 
http://disc2.nascom.nasa.gov/Giovanni/tovas/ for the same period 
as that of the Kalpana-1 data mentioned above. 

3. METHODOLOGY 

INSAT Multispectral Rainfall Algorithm (IMSRA) is developed by 
collocating Kalpana-1 IR and WV brightness temperature with 
TRMM-PR rainfall in 0.25 º x0.25 º grids (Mishra et al., 2009) 
followed by the proper cloud classification (Roca et al., 2002). The 
collocated data set gives the regression curve by which rain rate 
was estimated by Mishra et al as  

R=8.613098*exp(-(Tb-197.97)/15.7061)                   (1) 

Where R= rain rate in mm/h and Tb= Cloud top brightness 
temperature in Kelvin. 

For calculating the daily rain; three hourly rain is calculated using 
eqn-1.Then these three hourly rains are cumulatively added to get 
the daily rain. 

The flow chart of the algorithm is shown in figure 1. 

 

Figure. 1 Flow Chart of IMSRA Technique. 

4. RESULTS AND DISCUSSIONS 

As stated earlier TIR and WV measurements from Kalpana-1 and 

MW measurements from TRMM have been used for the rainfall 

estimation. The performance of the algorithm is validated 

qualitatively with TRMM-3B42 data, which is an independent data 

source. The algorithm is validated quantitatively with AWS data. 

Out of the complete phenology of monsoon-2009 to date, only 

some of the results are discussed for brevity. The first case is 

shown in figure 2 on the onset date (23rd May 2009) by the present 

technique and TRMM-3B42 which shows better agreement with 

each-other. The fair evidences of monsoon onset on Kerala coast 

are seen from both IMSRA and TRMM-3B42.  

 

Figure. 2 Daily Rainfall Using Present Technique and TRMM-
3B42 on 23rd May 2009. 

The second case study was carried out for 25th May 2009 to 

examine the performance of this technique in cyclonic case. The 

daily rainfall using the present technique and from TRMM-3B42 

on 25th May 2009 is shown in fig.3. This is the case of Aila cyclone 

in Bay of Bengal. The intercomparison between these two rainfall 

show that in cyclonic cases the present technique overestimates 

than TRMM-3B42. 
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Figure. 3 Daily Rainfall Using Present Technique and TRMM-
3B42 on 25th May 2009. 

The third case study was carried out for 27th May 2009 after 
the cyclone. Both the methods show the small break condition 
in monsoon due to cyclone sweeping away the moisture 
content. The daily rainfall using the present technique and from 
TRMM-3B42 on 27th May 2009 is shown in figure 4. 

 

Figure. 4 Daily Rainfall Using Present Technique and TRMM-
3B42 on 27th May 2009 

These case studies show that the present technique gives better 
agreement with TRMM-3B42 qualitatively. Using this technique, 
we have estimated monthly rainfall for June, July and August 2009 
which is shown in figure 5. 

 

Figure. 5 Monthly Rainfall Using Present Technique for June, 
July and August 2009. 

These three months accumulated daily rainfall using the present 
technique is validated with ISRO-AWS data. The scatter plot 
between the daily rainfall using the present technique and AWS is 
shown in figure 6 and the statistical comparison is shown in table 1. 
 

 

 

 

 

 

 

Figure. 6 Scatter plot Between the Daily Rainfall by IMSRA 
and AWS 

No. of data points         257 

Correlation coefficients 0.52 

Root Mean Square Error (mm) 5.88 

Bias (mm) 2.89 

Table 1: Comparison of Daily Rainfall from AWS and from the 
Present Technique 

CONCLUSION 

This paper describes the performance of the present rainfall 
estimation technique (IMSRA) based on both microwave and IR 
observations during this monsoon year (June 2009 to Sep 2009). 
The results show that IMSRA technique qualitatively very well 
matches with TRMM-3B42 merged product. Its comparison with 
AWS data shows a 52 percentage correlation. The accumulated 
daily rainfall shows that the monsoon was very week for the month 
august. It is well captured by the rain estimated using this 
technique. Some issues like regional biases have to be resolved for 
accurate rain estimates and also orographic effects to be considered 
to make this algorithm more robust and reliable for operational use. 
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ABSTRACT: 
 
The Fifth-Generation National Center for Atmospheric Research / Penn State Mesoscale Model (MM5) is deployed to investigate the 
importance of realistic representation of land surface in a regional model for simulating the meteorological features associated with the 
southwest monsoon. Experiments are conducted to study the impact of satellite derived land surface data such as vegetation fraction, 
vegetation type (both derived from SPOT VEGETATION) and surface soil moisture (derived from SSM/I) on MM5 simulated 
meteorological fields for the contrasting Indian summer monsoon years 1998 & 2002. The incorporation of satellite derived land surface 
data in the MM5 initial condition improved the simulations both in 1998 and 2002 monsoon season, but improvement is not significant 
when the satellite derived land surface parameters individually incorporated in the model initial condition. 
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1. INTRODUCTION 

The study by Zhao and Pitman showed that India is one of the 
regions in globe where land cover changes are predominant during 
last decades (Zhao and Pitman 2002). Experiments using global 
climate model by Chase et al. 1996 and Zhao et al. 2004 also 
showed the impact of land use changes on dynamical features, 
precipitation and temperature patterns of Indian summer monsoon 
(ISM). Chang and Wetzel (1991) pointed out that spatial variations 
of vegetation and soil moisture affect the evolution of surface 
baroclinic structures through differential heating. Furthermore, soil 
moisture and vegetation cover variability affect the development of 
deep convection over land (Pielke 2003). Satellite remote sensing 
provides a wealth of data describing the land surface and is 
becoming more accurate in calculating surface energy budgets. In 
view of this, an attempt is made to study the possible effect of land 
surface parameters on the ISM using a regional climate model. It 
should be mentioned here that vegetation/soil moisture over the 
Indian region changes rapidly and significantly during the 
monsoon period. The land surface parameterization scheme of the 
model specifies surface characteristics according to land use 
category. The accuracy of land-use information is important to 
obtain accurate simulations. The Fifth-Generation National Center 
for Atmospheric Research / Penn State Mesoscale Model (MM5), 
implemented/customized as regional climate model over the ISM 
domain through extensive sensitivity experiments using various 
land surface and cumulus convection schemes, is used in the 
present study. 

2. BRIEF DESCRIPTION OF MODEL  
AND SIMULATION DESIGN 

2.1 Model Description 

The MM5 coupled with Noah Land surface model (Chen and 
Dudhia 2001) is used in this study. The model was run with two 
nested domains. 28 vertical levels are set with the top of the 

atmosphere fixed at 50 hPa. The major physics options in the 
experiments include the Grell cumulus parameterization (Grell et 
al., 1994), simple explicit treatment of cloud micro physics based 
on Dudhia (1989), MRF (Hong and Pan, 1996) scheme for PBL 
parameterization, and Coupled community climate model (CCM2) 
radiation package (Hack et al., 1993) for longwave and shortwave 
atmospheric radiative heating. 

2.2 Simulation Design 

The MM5 simulations are made to study the impact of satellite 
derived land surface parameters such as Vegetation type (VT), 
Vegetation fraction (VF) and Soil moisture (SM) in simulating 
monsoon regional climate over India for the years 1998 and 2002. 
The MM5 was run with different initial conditions for a period 
from 0000 UTC 20 June to 0000 UTC 31 August for the years 
1998 and 2002. We have performed five sets of experiments 
namely EXP1, EXP2, EXP3, EXP4 and EXP5. In EXP1, we used 
the VT and VF of United States Geological Survey (USGS) and 
SM from NCEP to initialize MM5 model. The EXP2 is with VT 
derived from SPOT satellite and other land surface parameters 
same as EXP1. In EXP3 we used VF derived from SPOT and VT 
and SM same as EXP1. EXP4 uses SM derived from SSMI and 
other surface parameters same as EXP1. EXP5 is with VT and VF 
from SPOT and SM from SSMI. The initial and lateral boundary 
forcing for the domain were updated every 6 hourly by NCEP-
NCAR (http//: nomad3.ncep.noaa.gov/Pub) reanalysis dataset 
having spatial resolution 2.5° in latitude and longitude. 

3. SATELLITE DATA USED 

3.1 Vegetation type/fraction and soil moisture 

The vegetation type/fraction data is generated under Regional 
Climate Modeling (RCM) project of Indian Space Research 
Organization – Geosphere Biosphere Program (ISRO-GBP). More 
details about the generation of vegetation cover/fraction from 
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SPOT vegetation data is available in Agrawal et al. (2003). The 
surface soil moisture data is derived from Spectral Sensor 
Microwave Imager (SSM/I) satellite. This data is also generated as 
part of RCM project of ISRO-GBP. A more detail on the 
estimation of volumetric soil moisture estimation from SSM/I data 
is available in Singh et al. (2004). 

4. RESULTS AND DISCUSSION 

4.1 ISM 1998 

The model predicted fields from different experiments averaged for 
the months of June, July and August (JJA) are compared with 
mean fields from NCEP reanalysis. All the experiments 
overpredicted the 2meter air temperature (T2m) over the Indian 
land mass and among the experiments over prediction is 
comparatively less in EXP2 (not shown). All the experiments 
simulated more humid atmosphere as compared to the observation 
and the overprdiction of himidity over the Indian land mass is 
significantly reduced in EXP5 (also not shown). The predicted 
Sensible heat flux (SHF) by different experiments did not show 
significant differences among themselves (not shown). All the 
experiments overpredicted Latent heat flux (LHF) over the Arabian 
sea and Bay of Bengal and underpredicted LHF over the Indian 
land mass (Figure 1). The overprediction of LHF over Arabian sea 
and Bay of Bengal is significantly reduced in EXP5 (Fig. 1). The 
TRMM observed and predicted rainfall distributions from different 
experiments showed that the higher rainfall seen over the Arabian 
sea and southern part of India in experiments as compared to 
observation is significantly reduced in EXP5 (Figure 2). The 
rainfall distribution over north east part of India is better simulated 
by EXP3 and EXP4 (Fig. 2). 

 

Figure 1. Average Latent Heat Flux (w/m2) for JJA 1998 (a) 
from NCEP/NCAR Reanalysis and its Difference from Model 
Predicted Fields for Domain2 (b) (a) minus EXP1, (c) (a) Minus 
EXP2, (d) (a) minus EXP3, (e) (a) minus EXP4, (f) (a) Minus 
EXP5. 4 

 

Figure 2. Accumulated Rainfall in cm for JJA 1998 (a) from 
TRMM and its Differences from the Model Simulated Rainfall 
for Domain2 (b) (a) minus EXP1, (c) (a) minus EXP2 (d) (a) 
minus EXP3, (e) (a) minus EXP4 (f) (a) minus EXP5 

4.2 ISM 2002 

Among the experiments the spatial distribution of predicted T2m 
by EXP5 is closer to the observation (not shown). All the 
experiments overpredicted humidity over the oceanic region and 
among the experiments overprediction is slightly less in EXP4 and 
EXP5 (also not shown). The predicted SHF by different 
experiments did not show significant differences among 
themselves (not shown). All the experiments overpredicted LHF 
over the Arabian sea and Bay of Bengal whereas over the Indian 
land mass LHF is underpredicted (Figure 3). The overprediction of 
LHF over the Arabian sea and Bay of Bengal is slightly less in 
EXP5 as compared to other experiments (Fig. 3). The comparison 
of model predicted rainfall distribution with observed rainfall 
showed that all the experiments overpredicted rainfall over the 
Arabian sea, Bay of Bengal and north east part of India and among 
the experiments overprediction is slightly less in EXP5 (Figure 4). 

CONCLUSION 

Results show that that all the experiments simulated a warm 
atmosphere over the Indian land mass particularly over western 
side of India and Himalayan regions. All the experiments simulated 
more humid atmosphere as compared to the observation. The error 
in predicted temperature and humidity is comparatively less in the 
experiment in which all the three type of land surface data are 
incorporated. The MM5 overpredicted rainfall over the Arabian 
sea, Bay of Bengal and north east part of India and among the 
experiments overprediction is slightly less in EXP5. The results 
demonstrate that MM5 qualitatively reproduces the spatial pattern 
and temporal variation in surface meteorological parameters during 
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Indian summer monsoon 1998 and 2002. The results obtained for 
different experiments indicate that incorporation of satellite derived 
land surface data in model initial condition improved model 
simulation of surface parameters and rainfall over the Indian 
region. Significant improvement is not observed when satellite data 
are incorporated one at a time in the model initial fields. 

 

Figure 3. As in Fig. 1, but for JJA 2002 

 
Figure 4. As in Fig. 2, but for JJA 2002 
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ABSTRACT: 
 
Present study is an attempt to examine the suitability of soil moisture products available from Aqua-AMSR-E for their application in 
monsoon simulations at different temporal scales ranging from medium range to climate scales. For this purpose we have analysed the 
AMSR-E soil moisture products over 18 locations in India to evaluate their suitability for assimilation in numerical models. It has been 
found from the study that the AMSR-E soil moisture can be used as input to climate model over Indian region, except over mountainous 
region, coastal region and regions with dense vegetation. 
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1. INTRODUCTION 

Soil moisture plays an important role in the hydrological cycle. It 
contributes significantly to the water and energy flux from the 
surface of the Earth. The movement of water from soil into the 
atmosphere helps in cooling the Earth’s surface. The heat that is 
released into the atmosphere helps in driving the atmospheric 
circulation. It controls the proportion of rainfall that percolates into 
the soil, runoff and evaporation from land. It also contributes to 
photosynthesis in plants. Soil moisture is the major source of water 
for crops and hence plays a key role in the performance of the crop. 
Likewise, soil moisture is clearly important for the hydrologic 
applications such as flood and drought monitoring, weather 
forecast, climate forecast etc (Sahoo et al., 2008). Accurate weather 
forecasts require the rate of transfer of soil moisture to the 
atmosphere, whether by evaporation or transpiration. Koster et al 
(2004) identified central Indian region as one of the hot spot apart 
from regions over Southern USA and Central Africa, where soil 
wetness could play an important role in rainfall prediction using 
NWP models. 

In spite of its uncontrolled modification and its feedback on both 
short and long term weather, climate, water supplies, crop 
production, biochemical cycles and the ecological balance of the 
biosphere, it is difficult to get the soil moisture information over a 
large area. The networks of agriculture station provide valuable 
distributed point measurements but they are insufficient to 
characterize the spatial and temporal variability of soil moisture at 
large scales (Njoku et al., 2003). The cost of direct observation of 
soil moisture is very high, so for global coverage, satellite 
monitoring of soil moisture is the only reasonable approach. 

Remote sensing observations from space, assimilated with in situ 
data into hydrologic models, can contribute beneficially to an 
integrated global soil moisture monitoring capacity. 

Large scale dry and wet surface conditions have been observed to 
impart positive feedback on subsequent precipitation patterns, such 
as in the extreme conditions over central U.S. during the 1988 
drought and the 1993 floods. Recently, Koster et al. (2004) have 
identified hot spots over central India, Southern USA and Central 
Africa, where soil wetness could play important role in rainfall 
prediction. Thapliyal (2003) used satellite derived soil wetness over 
Indian region to demonstrate that at large spatial scale there is a 
positive feedback mechanism in soil wetness anomaly and rainfall. 
Thapliyal et al. (2004) showed that observations from satellite 
microwave radiometers can provide valuable information on soil 
wetness over India, especially the central Indian region, where soil-
atmospheric feedback processes are important. A detailed study 
using soil moisture products available from Aqua-AMSR-E is 
needed to examine the impact of soil wetness on monsoon 
simulation at different temporal scale ranging from medium range 
to climate scales. For this purpose we have analysed the AMSR-E 
soil moisture products over Indian region to evaluate their 
suitability for assimilation in numerical models. Present study 
highlights the findings of the comparison of AMSR-E derived 
products with actual in-situ measured soil moisture and discuss 
their suitability for numerical models. 

The Advanced Microwave Scanning Radiometer-Earth Observing 
System (AMSR-E) onboard Aqua satellite is the latest passive 
microwave sensor in orbit since May 2002 (Njoku et al., 2003). 
However, AMSR-E soil moisture products contain uncertainties 
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due to imperfect instrument calibration and inversion algorithms, 
geophysical noise, representativeness error, communication 
breakdowns, and other sources (Eymard et al., 1993; Zhan et al., 
2004). Also, the presence of moderate vegetation obscures the soil 
moisture signals, impeding accurate satellite measurements (Sahoo 
et al., 2008). It is, therefore, essential that the accuracy of these 
remotely-sensed fields be evaluated for their use in critical research 
and applications. 

In the present study, an attempt has been made to evaluate the 
global soil moisture product from AMSR-E sensor with in situ soil 
moisture at 18 meteorological stations over India during the years 
2002, 2003 and 2004 southwest summer monsoon periods (May-
August). The objectives of the study includes (1) assessment of 
AMSR-E soil moisture algorithm performance, (2) verification of 
AMSR-E soil moisture estimation accuracy, (3) investigation of the 
effects of vegetation, and topography on the soil moisture retrieval 
accuracy, and (4) determination of the regions where the AMSR-E 
soil moisture can be useful. 

2. INSTRUMENT 

The Advanced Microwave Scanning Radiometer-Earth Observing 
System (AMSR-E) is a passive microwave radiometer, which was 
launched aboard the National Aeronautics and Space 
Administration (NASA) Aqua Satellite on 04 May 2002. AMSR-E 
is modified from the Advanced Earth Observing Satellite-II 
(ADEOS-II) AMSR, designed and provided by NASDA. Aqua 
follows a sun-synchronous orbit with a descending equatorial 
crossing at approximately 1:30 Local Standard Time. This 
instrument measures brightness temperature at six frequencies 
ranging from 6.9 to 89.0 GHz with both horizontal and vertical 
polarizations at each frequency (total 12 channels). At a fixed 
incidence angle of 54.8o and an altitude of 705 km, AMSR-E 
provides a conically scanning footprint pattern at the surface with a 
swath width of 1445 km. The mean spatial resolution ranges from 
56 km at 6.9 GHz to 5 km at 89 GHz. The Earth-emitted 
microwave radiation is collected by an offset parabolic reflector 1.6 
meters in diameter. During the 1.5 second scan period, the sub 
satellite nadir track moves approximately 10 km. Radiometer 
samples are recorded at equal intervals of 10 km along the scan (5 
km for 89GHz channel). For AMSR-E, global swath coverage is 
achieved every two days or less, separately for ascending and 
descending passes, except for a small region near the poles. 

3. DATASETS AND METHODOLOGY 

3.1 AMSR-E Soil Moisture Data 

In this study, the AMSR-E soil moisture product which is retrieved 
from AMSR-E brightness temperature (Njoku et al., 2003) has 
been used. The product is available in the NSIDC website 
(http://nsidc.org/data/amsre). This product includes daily retrievals 
of surface soil moisture of the top few centimeters of soil and 
vegetation water content, as well as brightness temperatures (at 6.9, 

10.7, 18.7, 36.5, 89.0GHz with both horizontal and vertical 
polarization) and land surface temperature. The ancillary data 
include information on time, geo-location and observations quality 
control flag that can be used to remove the bad quality retrievals. 

The format of the data set is Hierarchical Data Format-Earth 
Observing System (HDF-EOS), and the grid used is the 25 km 
Equal-Area Scalable Earth-grid (EASE-grid) in global cylindrical 
equal-area projection (true at 30o N and 30o S), with 1383 columns 
and 586 rows. The range of soil moisture measured is 0-0.5 g/cm3, 
with an estimated accuracy of 0.06 g/cm3 (Njoku et al., 2003). The 
level 3 products are derived by compositing level 2 parameters 
daily into global maps, separating ascending and descending passes 
so that diurnal effects can be evaluated. 

The daily AMSR-E level-3 land surface data 

(AMSR_E_L3_DailyLand product) were obtained from NSIDC (1 

file per day pertaining to ascending and descending pass) for the 

period May 18 to August 8, 2002; May 01 to August 08, of the 

year 2003 and 2004. However, for the present analysis only 

descending pass (1:30 AM) data are considered because at night, 

the soil moisture and temperature profiles are more uniform than in 

the early afternoon and the soil, vegetation temperature differences 

are smaller. Thus the 1:30 AM AMSR-E soil moisture data are 

expected to have less modeling error and will be more 

representative of the deeper-layer soil moisture than the 1:30 PM 

observations. 

3.2 Modis Ndvi 

For investigation of the effects of vegetation on the soil moisture 

retrieval, 16-day Normalized Difference Vegetation Index (NDVI) 

product which is derived from NIR (841-876nm) and red (620-670 

nm) channel of the Moderate Resolution Imaging 

Spectroradiometer (MODIS) onboard NASA’s Terra satellite is 

used. The product is available in the NASA website 

(ftp://e4ft101u.ecs.nasa.gov/MOLT/) with two spatial resolutions 

(250 m and 1 km). 

3.3 In-Situ Soil Moisture Data 

For comparison purpose, in situ surface soil moisture data obtained 

from India Meteorology Department (IMD) over 18 stations 

distributed all over India (shown in figure 1) were used. IMD 

measures soil moisture by the gravimetric method once a week for 

two soil layers that is at the surface (surface to 5cm deep soil layer) 

and 7.5 cm depth (5-10 cm deep subsurface layers. However, the 

surface (surface to 5 cm deep soil layer) soil moisture data is used 

for the analysis as microwave radiometer can only detect moisture 

changes in the top few cm layer. In situ soil moisture is in 

gravimetric unit (kg/kg) and are converted to volumetric units 

(g/cm3) by multiplying with the soil bulk density. Soil bulk density 

data has been taken from INFOCROP (Agrawal et al.). 
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Figure 1. Locations of Insitu Soil Moisture Measurements 

3.4 Description of Study Sites 

The study area includes 18 locations distributed all over India 
where in situ soil moisture is measured by IMD. The different 
location has different irrigation as well as vegetation and 
topographic condition. During the study period, rice is the main 
crop that is grown in most of the region. In the month of May it is 
summer and almost all the fields over India are bare. With the onset 
of monsoon in June the sowing starts. By the month of July in most 
of the region crop grows to full canopy, which perturbs the 
microwave emission from soil. Therefore, for the present analysis 
the data is restricted until 1st week of August. The entire study 
region is divided into three categories which are plain, 
mountainous and coastal region. The central part of India falls 
under plain region. The locations Bhopal, Sagar, Jabalpur, Nagpur 
etc. falls under this category. Anand is also a plain region. Apart 
from being plain region the fields are irrigated naturally i. e. by 
rain. The location Karnal is also a plain region but the field soil 
moisture is mainly due to irrigation. The location Bari-Bramhna, 
Pune etc. falls under the mountaneous region with undulated 
terrain. Locations like Kalyani, Vittal, Vellanikara, Vedasandur 
and Kovilpatti etc. are in the costal region with strong presence of 
vegetation. 

4. RESULTS AND DISCUSSIONS 

The time series and point to point comparison of the AMSR-E and 
in situ soil moisture was carried out for all the stations falling in 
different region of India. Figure 2 shows the time series of AMSR-
E soil moisture product over three different location i.e. Agra, Pune 
and Kalyani falling under different category. Agra located in the 
northern part of India with 27o10’N latitude, 78o02’E longitude. 
Topographically, it is in the plain region with very less undulation. 
Figure 2 shows the trend of the in situ soil moisture profiles from 
IMD and the corresponding soil moisture obtained from the 
AMSR-E surface soil moisture product at Agra station. Although 
the values of in situ and AMSR-E soil moisture are different, they 
follow the same trend. In all three years, the soil moisture in May 
and June are low (0.5-1.5 g/cm3), in July and the first week of 
August the soil moisture become higher (0.2-0.3 g/cm3). The 
deviation between in situ soil moisture and AMSR-E soil moisture 
is different in different year. The difference in 2003 is higher than 
in 2002 and 2004 for Agra. Even though the AMSR-E soil 

moisture is always higher that the in situ soil moisture at Agra, the 
correlation between the two is also found to be reasonably good (r= 
0.75). 
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Figure 2. Temporal Variation of AMSR-E Soil Moisture and in 
Situ Soil Moisture Over Different Regions of India 

This may be due to the fact that this region is rain fed and is 

moderately vegetated during the period of study. Figure 3 shows 

the variation of NDVI over different region during the period of 

study. However, in Pune the time series does not follow any 

particular trend. This region is mountainous and there is the effect 

of dense vegetation and polarization mixing. The scatter plot 

between the insitu soil moisture and the AMSR-E soil moisture 

(figure 4) shows that the correlation coefficient is as high as 0.87, 

but the slope is very less. At both the locations Agra and Pune, 

there appears to be bias between the in situ soil moisture and the 

AMSR-E soil moisture. In Kalyani which falls under the coastal 

region category it is observed that even though the actual measured 

soil moisture is very high the AMSR-E soil moisture shows hardly 

any change in the soil moisture value. This may be due to high 

vegetation cover in this region. The in situ soil moisture and the 

AMSR-E soil moisture shows negative correlation with correlation 

coefficient r=0.51. It is also observed that the minimum amount of 

soil moisture in AMSR-E is very high (0.1 g/cm3) compared to that 

is observed (0.01 g/cm3) in all the cases. The lowest value of soil 

moisture in the long time series may be taken as the wilting point, 

as in only very few cases, soil wetness is below wilting level (as 

discussed in Zabeline, 1998). Usually in such a situation a crust is 

formed at the top that prevents further evaporation and the moisture 

below the crust is preserved. 
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Figure 3. Variation of NDVI over Different Locations of India 
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Figure 4. Correlation of in Situ Soil Moisture and AMSR-E Soil 
Moisture 

Similar results are obtained for other locations falling under 
different category. 

CONCLUSION 

The AMSR-E soil moisture data is evaluated for 18 stations in 
India falling under different category like plain region, 
mountainous region and coastal region. Following are the few main 
points as conclusions of the present study: 

 Present study shows that AMSR-E soil moisture 
products correlates well with the observed in-situ soil 
moisture for plain regions with low vegetation. 
Therefore, these products can be used as input to climate 
models over Indian plains with low vegetation. 

 The wilting point (minimum soil moisture value below 
which the water from soil is not available to the plant) as 
shown by AMSR-E product is always high (∼ 0.1 g/cm3) 
in comparison to the actual soil moisture values as low 
as (0.01 g/cm3). 
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 A refinement of the AMSR-E algorithm is required for 
the estimation of soil moisture over India giving special 
emphasis to the correction required for surface coverage 
especially vegetation. 
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ABSTRACT:  
 
 
The monitoring of terrestrial carbon dynamics is important in  studies related with global climate change. This paper reports the inter-
annual variability of Net Primary Productivity (NPP) from 1981-2000 derived using observations from NOAA-AVHRR data using 
GloPEM model. The GloPEM model is based on physiological principles and uses the production efficiency concept, in which the canopy 
absorption of photosynthetically active radiation (APAR) is used with a conversion "efficiency" to estimate gross primary production 
(GPP). NPP derived from GloPEM model over India showed maximum NPP about 3000 gCm-2year-1 in west Bengal and lowest up to 500 
gCm-2year-1 in Rajasthan. The India averaged NPP varied from 1084.7 gCm-2year-1  to 1390.8 gCm-2year-1 in the corresponding years of 
1983 and 1998 respectively.  The regression analysis of the 20 year NPP variability showed significant   increase in  NPP over India (r=0.7, 
F=17.53, p < 0.001). The mean rate of increase was observed as 10.43 gCm-2year –1 . Carbon fixation ability of  terrestrial ecosystem of 
India is increasing with rate of 34.3 TgC annualy (t= 4.18, p < 0.001). The estimated net carbon fixation over Indian landmass ranged from 
from 3.56 PgC (in 1983) to 4.57 PgC (in 1998). Grid level temporal correlation analysis showed that agricultural regions are the source of 
increase in terrestrial NPP of India. Parts of forest regions (Himalyan in Nepal, north east India) are relatively less influenced over the 
study period and showed lower or negative correlation (trend). Finding of the study would provide important input in understanding the 
global change associated with vegetation activities as a sink for atmospheric carbon dioxide. 
 
 

1. INTRODUCTION 

Net primary productivity (NPP) is an important component of the 
global carbon cycle because it provides a measure of the amount of 
CO2 removed from the atmosphere through photosynthesis and 
respiration (Bonan, 2008). NPP is a key component of the 
terrestrial carbon cycle and forms the fundamental process in 
biosphere for assessing the carbon balance at the regional and 
global scale (Nemani et al. 2003, Knapp & Smith 2001).  Accurate 
estimation of NPP is required to understand the carbon dynamics 
within the atmosphere–vegetation– soil continuum and the 
response of terrestrial ecosystem to future climate change (Fang et 
al. 2001).  

Field based NPP measurements have been conventionally carried 
out using long tem ecological monitoring of biomass in selected 
ecological site. Most frequently, peak-standing biomass is assumed 
to measure NPP in grassland ecosystem. Methods to measure forest 
productivity are more diverse than those of grasslands. Biomass 
increment based on stand specific allometry plus litterfall is used to 
estimate NPP. In-situ NPP measurements are limited by its spatial 
distribution, which are difficult to upscale for understanding the 
global carbon balance. Satellites remote sensing provides a 
valuable source of information on the global distribution as well as 
inter annual variations in NPP (Sabbe & Veroustraete 2000). 

The various ecological models (ZhiQiang & JiYuan 2008, Running 
and Coughlan 1988, Nemani et al. 1993) have been developed by 
many ecologists or researchers, among which Biogeochemical 
(BGC) models are most preferred. Three BGC models widely used 
in the Vegetation/Ecosystem Modelling (VEMAP 1995) are 
CENTURY model, Terrestrial Ecosystem Model (TEM) and 
BIOME-BGC model. BIOME-BGC (Thornton, 1998, Running and 
Gower 1991) employs biochemical model of photosynthesis, 
environmentally regulated stomatal conductance, and explicit 
calculations of respiration for various plant pools to calculate NPP. 
Such modeling uses a large set of input parameters, some of them 
hardly available or measurable on a regional or continental basis. 
Quite often these models become complex to cope with the 
validation realities imposed by field measurements. The gap 
between stand scale measurements and regional scale modeling, 
can be bridged by the use of observations from earth observing 
platforms. GloPEM models use moderate number of inputs 
observable from satellite data and can be implemented at landscape 
to global scale. Present analysis is based upon the annual NPP 
products derived using NOAA-AVHRR data (1981-2000) using 
GloPEM technique (Prince & Goward, 1995). 

Global investigation of vegetation responses to climatic changes 

based on historical satellite data records have shown significant 
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increase in NPP significantly (P < 0.01) over 25% of the global 

vegetated area, with a mean rate of 6.3 g C m-2 year. There have 

been few, year specific studies related with assessment of carbon 

fixation over India using SPOT-VEGETATION NPP product. 

Chhabra and Dadhwal (2004) estimated monthly net primary 

productivity over India and its eight regions, using SPOT-

VEGETATION 10-day NPP composites. Although many studies 

use calendar year for reporting NPP, they adopted an agriculture 

year (June 1998–May 1999) to better represent the effect of 

monsoon and the role of agroecosystem in controlling NPP over 

India. Total net C fixation of India was estimated as 2.18 PgC and 

highlighted that strong monthly variation in NPP across different 

regions of India with high net carbon fixation in winter as 

compared to monsoon season. In another study, Panigrahy et al. 

(2004) analyzed the spatio-temporal pattern of agricultural NPP in 

India using SPOT-VEGETATION 10-day composite NPP product 

for 2002-03 to 2004-05 agricultural years. They emphasized the 

dominant role of agroecosystem in Indian NPP scenario. Analysis 

of SPOT-VEGETATION NPP product showed that under normal 

monsoon performance (June 2004-May2005) the NPP of Indian 

landmass is 2519.13TgC.  Agriculture account for a little more than 

60 per cent of total NPP. Reduction of NPP in the monsoon deficit 

year (2002-03) in the agriculture and forest was of the order of 26 

and 21 per cent respectively showing strong influence of 

precipitation on terrestrial NPP. The study could highlight strong 

seasonal variations among the crop rotations and year-to-year 

variation due to monsoon performance. Present study was aimed at 

analysing long term (20 years) satellite based records of NPP over 

Indian region generated using NOAA-AVHRR data. Spatial 

variability, decadal change and inter annual trend in NPP was 

analysed using 1981-2000 data. 

2. STUDY AREA AND DATA USED 

Study area is located between 65° E to 100° E and 5° N to 40° N 

covering Indian landmass. Study area consists of irrigating 

cropland, rainfed cropland, evergreen broadleaved, evergreen 

needle leaf, deciduous forest, mixed forests, woody savannas, 

savannas, open shrubland,  barren/sparse vegetation and water 

bodies.  Figure 1 shows the land cover map showing different 

vegetation type in India. Vegetation in Indian terrestrial ecosystem 

is generally controlled by weather and soil type. Different soil type 

with different climate has different abundance of natural vegetation 

and agricultural system.  Large variation in climatic regime in India 

has given rise to various ecosystems containing evergreen, semi 

evergreen, deciduous forest system with broad leave and needle 

leaf architectures varying with different specific leaf areas.  The 

NPP estimates from 1981 to 2000 were derived from NOAA-

AVHRR sensor data using GloPEM approach. 

Evergreen Needle leaf
Evergreen Broad leaf
Deciduous Broad leaf
Mixed Forest
Open Shrub lands

Woody Savannas
Savannas
Agriculture
Barren/Sparsely vegetated
Water Bodies

Evergreen Needle leaf
Evergreen Broad leaf
Deciduous Broad leaf
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Open Shrub lands

Woody Savannas
Savannas
Agriculture
Barren/Sparsely vegetated
Water Bodies

Evergreen Needle leaf
Evergreen Broad leaf
Deciduous Broad leaf
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Open Shrub lands

Woody Savannas
Savannas
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Water Bodies  

Figure 1. Land Cover Map (IGBP Version 2.0) Showing 
Different Vegetation Types in India (IGBP Source: 
http://edcdaac.usgs.gov/glcc/globdoc1_2/html) 

3. METHODOLOGY 

The analysis was carried out using 20-years historical records of 
global annual NPP values generated using GloPEM approach by 
University of Maryland USA (Prince & Goward, 1995).  The 
Indian region was extracted from the global product.  India specific 
aggregation of carbon fixation was estimated as well as pixel level 
linear trend analysis was carried out using geostatistical technique.  

The pixel level temporal trend in annual NPP over Indian 
subcontinent was modelled as 

NPP (gCm-2year-1) = m t + c          (1) 

where m is the slope, c is the intercept of the model  and t 
represents years from 1981.  The slope (m), intercept  (c ) and 
correlation coefficient (r ) was estimated at each pixel  of the study 
region. Decadal level relative deviations (RD) in NPP were also 
estimated between averaged 1981-190 and 1991-2000 data to 
identify the regions of increasing and decreasing vegetation 
activity.   

Decadal Relative Deviation in percent (RD%) was estimated as  

RD (%)=100*((NPPD1-NPP D2) /NPP D1)       (2) 

where d1 and d2 represent decadal period from 1981-1990 and 
1991-2000 respectively.  The positive value shows the increasing 
vegetation and negative values represent decline in vegetation. The 
difference in decadal mean (NPPD1 - NPP D2) was considered for 
change detection to avoid the inter annual fluctuations in vegetation 
due to weather variability. The temporal correlation analysis and 
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relative deviation measure were compared to confirm the findings 
related with areas of increasing vegetation activities. 

3.1 Global Production Efficiency Model (GloPEM) 

GloPEM model (Prince 1991, Prince & Goward, 1995, Goetz et al. 

2000)) utilizes the production efficiency concept (Kumar and 

Monteith, 1981) globally, in which the canopy absorption of 

photosynthetically active radiation (APAR) is used with a 

conversion "efficiency" or carbon yield of APAR for estimating 

gross primary production (GPP). The GloPEM model is based on 

physiological principles; in particular the amount of carbon fixed 

per unit APAR is modeled rather than fitted using field 

observations. Advanced Very High Resolution Radiometer 

(AVHRR) images at an 8 km resolution from the AVHRR 

Pathfinder Project were used in analysis. These data are 

radiometrically calibrated and cloud-screened but are not corrected 

for atmospheric attenuation. The amount of incident 

Photosynthetically Active Radiation (PAR) was derived from Total 

Ozone Mapping Spectrometer (TOMS) ultraviolet observations of 

cloud cover, which are used to modify incident PAR as derived 

from a clear sky model. Fraction of incident PAR absorbed by 

terrestrial vegetation (fAPAR) was estimated using spectral 

vegetation index (SVI). Surface radiometric temperature (Ts) and 

atmospheric column precipitable water vapor amount (U) are 

derived from thermal measurements in different spectral 

wavelength bands (the "split-window" approach). The regression 

relationship between a moving window array of SVI and Ts values 

(termed TvX) is used to derive an estimate of ambient air 

temperature (Ta) by extrapolating to a high SVI value (~0.9) that 

represents an infinitely thick canopy. It is assumed that canopy and 

air temperature are equivalent at this point. The atmospheric water 

vapor amount (U) was extrapolated to the surface and used to 

estimate surface humidity and dew point temperature. When 

combined with Ta this was used to calculate vapor pressure deficit 

(VPD). The potential amount of carbon fixation per unit Absorbed 

PAR is calculated from the quantum yield of photosynthesis and a 

climatological mean air temperature to differentiate between 

photosynthetic pathways (C3, C4). Potential carbon fixation is 

reduced by "stress" factors related to plant physiological control 

(i.e., Ta, VPD, soil moisture) to derive actual carbon fixation in the 

form of gross primary production (GPP). Respiration related to the 

growth and maintenance of biomass is subtracted from GPP to 

derive global net primary production (NPP). 

4. RESULTS AND DISCUSSION  

The figure 1 shows the land cover map showing different 

vegetation types and figure 2 shows the spatial variability of 

decadal mean NPP (1991-2000) were India. NPP derived from 

GloPEM model over India showed maximum NPP about 3000 

gCm-2year-1 in agriculture region of west Bengal and lowest up to 

500 gCm-2year-1 in arid region of Rajasthan. The NPP mostly 

varied from 1000 gCm-2year-1  to 2000 gCm-2year-1 in agricultural 

areas of indo -gangetic basin due to variation in  irrigation and 

cropping intensity.   The inter annual variations in average India 

NPP ranged from 1084.7 gCm-2year-1 to 1390.8 gCm-2year-1 in the 

corresponding years of 1983 and 1998 respectively.  The year wise 

mean and standard deviation in average annual NPP of   India is 

given in table 1. 

Year Mean NPP  (gCm-2y-1) Std. Dev. 
1981 1245.39 555.81 
1982 1130.13 519.05 
1983 1084.77 513.39 
1984 1258.51 553.98 
1985 1118.12 542.80 
1986 1152.75 612.44 
1987 1134.74 560.48 
1988 1253.96 595.06 
1989 1270.26 588.05 
1990 1284.37 586.59 
1991 1185.63 553.03 
1992 1212.24 531.00 
1993 1250.29 554.59 
1994 1302.12 564.31 
1995 1148.23 520.40 
1996 1297.97 583.96 
1997 1348.53 591.66 
1998 1390.80 589.64 
1999 1349.80 597.10 
2000 1327.89 585.99 

Table 1: Average Annual NPP Estimated for Indian Region 
Using NOAA-AVHRR Data 

The regression analysis of the 20 year NPP variability showed 

significant   increase in  temporal trend of NPP over India (r=0.7, 

F=17.53, p < 0.001). The mean rate of increase was observed as 

10.43 gCm-2year –1 . Figure 3 shows the year wise variation in 

carbon fixation of Indian ecosystem. It can be seen from figure 3 

that  carbon fixation ability of  terrestrial ecosystem of India is 

increasing with rate of 34.3 TgC annualy (t= 4.18, p < 0.001). The 

estimated net carbon fixation over Indian landmass ranged from 

from 3.56 PgC (in 1983) to 4.57 PgC (in 1998). Figure 4 shows the 

gridded map of correlation between NPP with respect to years. 

Every pixel (grid) in the image was independently analysed for 

arriving at increasing/decreasing vegetation activity. Grid level 

temporal correlation analysis showed that agricultural regions are 

the source of increase in terrestrial NPP of India. Parts of deserts 

(western Rajasthan) and forest regions (Himalyan in Nepal and 

North East India) showed decline in vegetation status over the 

study period and showed lower or some times negative correlation. 

Parts of eastern Rajasthan, western Madhya Pradesh, Maharastra 
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and Karnataka showed increasing vegetation trend  (r > 0.5) as 

compared to Indo gangetic plain.  

gCm-2year-1
0      500    1000    1500      >20000      500    1000    1500      >2000

 

Figure 2. Average NPP of India (1991-2000) Estimated Using 
NOAA-AVHRR Data 
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Figure 3. Inter Annual Variability in Carbon Fixation Ove India 

Figure 5a and Figure 5b show grid level coefficient of trend model 
viz. slope (m) and Intercept      ( c ) respectively.  It can be seen 
from the figure that rate of change (increase/decrease) of NPP per 
unit year varies approx. from –8 gCm-2year –1 (forested Himalyan 
region of north east India) to 40 gCm-2year –1 (Parts  Maharastra 
and Karnataka). The avearge rate of increase in vegetation NPP 
estimated of total India was observed as 10.43 gCm-2year –1 which 
include response of arid, semi arid, forests and  dryland and 
irrigated agricultural regions.  Change detection in the NPP was 

aslo confirmed by estimating the decadal level relative deviations 
from average of 1981-1990 and 1991-2000 period.  

-0.25 0.25 0.5 0.750.0-0.25 0.25 0.5 0.750.0
Correlation  

Figure 4. Grid Level Temporal Correlation of NPP Over Indian 
Subcontinent 
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Figure 5. (a & b). Grid Level Slope (m) and Intercept (c) of 
Temporal Trend Model (NPP (gCm-2year-1) = m t + c) Over 
Indian Subcontinent Where t is Years from 1981 

The figure 6 shows the raltive deviations in the NPP values in two 
decades. It can be seen from the figure 6 that relative deviations in 
NPP ranged from –10% to 40% at different regions of India. The 
forested region of the north east India was observed as region of  
decline in vegetation activity (-10%) wherase part of southern 
Maharastra and Karnataka showd highest increase in NPP ( > 
40%).  Major agricultural belt of Indo gangatic plain showed 
moderate increase in NPP (< 20%) in two decades spaing 1981 to 
2000.  Overall it can be inferred that region with open shrubland 
and poor agricultural system showed significant improvent in NPP 
wheareas region which has already gone through technological 
improvements in agriculture (green revolution) showed relatively 
moderate increase in NPP in two decades of the study period.   

 

Figure 6. Decadal Changes in NPP Represented as Relative 
Deviations RD(%)=100*((NPPD1-NPPD2) /NPPD1) where d1 and 
d2 Represent Decadal Period from 1981-1990 and 1991-2000 
Respectively 

CONCLUSION 

The study was carried out to quantify the spatial and inter annual 
variations in NPP over diaserent ecosystems of India using NOAA-
AVHRR derived NPP product (1981-2000). It was observed that 
NPP ranged from 500 gCm-2year-1 in arid region of Rajasthan to 
about 3000 gCm-2year-1 in irrigated agricultural rice cropping 
system of west Bengal in India.  Overall average climatic (1981-
2000) annual of NPP of India was estimated as 1237.32 gCm-2year-

1.  Significant   increase in  temporal trend of NPP over India 
(r=0.7, F=17.53, p < 0.001) was observed. The mean rate of 
increase was estimated as 10.43 gCm-2year –1. It was estimated  
that on the average 4.06 ± 0.29 Pg of carbon annually is fixed by 
vegetation in India.  Parts of eastern Rajasthan, western Madhya 
Pradesh, Maharastra and Karnataka showed increasing vegetation 
trend  (r > 0.5) as compared to Indo gangetic plain during 1981-
2000. The forested region of the north east India was observed as 
region of  decline in vegetation activity (-10%) wherease part of 
southern Maharastra and Karnataka showd highest increase in NPP 
( > 40%).  There is further need to validate the findings from field 
measurements and other satellite based NPP products available 
during the study period. 
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ABSTRACT:  
 
This paper highlights the spatial and temporal variability of atmospheric columnar methane (CH4) concentration in the Kharif season over 
India and its correlation with the terrestrial vegetation dynamics. ENVISAT-SCIAMACHY product (0.5o x 0.5o) was used to analyse the 
atmospheric methane concentration.  Weekly data covering the Kharif season (May to October) for two consecutive years (2004 and 2005) 
were used to compute monthly and seasonal concentration.  SPOT-VEGETATION NDVI product for the same period was used to 
correlate the NDVI with CH4 concentration. Analysis showed that mean monthly methane concentration during the Kharif season varied 
from 1704 ppbv to 1780 ppbv with the lowest value in May and the highest value in September month. Correspondingly, mean NDVI 
varied from 0.31 (May) to 0.53 (September). Analysis of correlation between methane concentration and NDVI values at 0.5o x 0.5o grid 
level over India showed significant positive correlation (r= 0.76). Further analysis using land cover information showed characteristic low 
correlation in natural vegetation region and high correlation in agricultural area. Grids, particularly falling in the Indo- Gangetic plain 
contributed significantly to the positive correlation. This was attributed to the rice which is grown as a predominant crop during this period. 
The CH4 concentration pattern matched well with growth pattern of rice with the highest concentration coinciding with the peak growth of 
the crop in September. Characteristically low correlation was observed (r < 0.2) in deserts of Rajasthan and forested Himalayan ecosystem. 
This paper highlights the synergistic use of different satellite based data in understanding the dynamics of atmospheric methane 
concentration in relation to vegetation as a source of emission. 
 
 

1. INTRODUCTION 

Methane is second most potent greenhouse gas after carbon 
dioxide. Mixing ratio of methane has increased by a factor of 2.5 
compared to pre industrial levels (Etheridge et al., 1992) and 
reached almost 1,800 parts per billion (ppb) today (Dlugokencky et 
al. 2003). Our understanding of the spatial distribution and 
temporal evaluation of atmospheric methane is limited by our 
current knowledge of their source and sink: their variability being a 
significant source of uncertaininty (Houweling et al., 1999; Gurney 
et al., 2002). Regional sources and sinks of atmospheric methane 
are not well quantified. In particular, in the tropics with no ground 
based methane measuring stations a large uncertainty in the 
methane budget exists. The amount of methane emission over a 
region depends on various sources and sinks as well transport from 
neighbouring region. Sources can be broadly classified as static as 
well dynamic, which changes with time. Anthropogenic sources 
such as fossil fuel burning, livestock based emission can be 
considered as approximately constant over a period of time (year) 
while biomass burning, rice cultivation has seasonal distribution. 
According to current emission inventories, approximately 70 % of 
global methane emissions are anthropogenic (Lelieveld et al., 
1998). The largest contributors are fossil fuel production, 
ruminants, waste handling, rice ecosystem and wetlands. Studies 
were carried out at Space Applications Centre (SAC) for 
assessment of methane emission in India from different sources 
(ISRO Report 2008). Manjunath et al., 2009 has reported methane 
emission from the rice ecosystems of India ranged from 1.557 to 
5.21 Tg with a mean of 3.383 Tg.  Chhabra et al., 2008, 2009 have 
reported 11.75 Tg of methane emission from enteric fermentation 

and manure management in India. Garg et al., 2005 have assessed 
that potential methane emission may vary from 1.27 Tg/ year to 
2.31 Tg/ year from wet land in India. Above mentioned 
information on methane emission were based on inventory on rice, 
livestock and wetlands generated from remote sensing based land 
cover (rice, wetlands) as well as field measurements. Measurement 
of greenhouse gases from space is a new research area and only a 
few pertinent studies exist in literature. Among the presently 
available systems SCIAMACHY is unique satellite instrument that 
measures the vertical columns of methane with high sensitivity 
down to the Earth’s surface (Buchwitz et al., 2005). We have used 
remote sensing technique to quantify the spatial and temporal 
variations in methane concentration using SCIAMACHY data over 
India. Attempt was also made to understand the correlation 
between CH4 and vegetation variability at different seasons over 
Indian sub continent. To carry out this research we used the two 
consecutive years (2004 and 2005) data of SCIAMACHY 
atmospheric columnar CH4 concentration and SPOT NDVI data. 

2. STUDY AREA & DATA USED  

Study was carried over the Indian region extending from 50N to 
67.50N and 54.50E to 1470E. Study area is represented by two 
distinct seasons: a Rabi season (dry season) from November to 
April and a Kharif season (rainy season) from May to October. 
There is different agriculture practices associated with various crop 
rotation systems over the study region. Rice is a staple food crop of 
India and is grown in most parts of the region during Kharif season. 
Its peak growth period is August through October. Rice is main 
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dynamic anthropogenic methane emission source for causing the 
seasonality in methane abundances in to the atmosphere. 
Therefore, understanding the spatial and temporal distribution of 
columnar methane concentration in the Kharif season over India 
and its relation with the terrestrial vegetation dynamics is 
indispensable. To know this, the weekly 0.50x0.50 resolution data 
(Buchwitz et al., 2004) of SCIAMACHY atmospheric methane 
concentration were obtained from University of Bremen 
(http://www.iup.physik.uni-bremen.de/sciamachy/NIR NADIR 
WFM DOAS/). The CH4 data from January 2004 to December 
2005 was used in analysis. The CH4 concentration was retrieved 
using algorithm called Weighting Function Modified Differential 
Optical Absorption Spectroscopy (WFM-DOAS) version 0.4 
developed at University of Bremen. A detailed description of 
WFM–DOAS is given in (Buchwitz et al., 2000, 2004; Buchwitz 
and Burrows, 2004). The ten-day composite NDVI product of 
SPOT VEGETATION (VGT) was (http://free.vgt.vito.be) used to 
characterize the vegetation dynamics over study region. The details 
of the SCIAMACHY and SPOT VEGETATION sensors used in 
study are given below. 

2.1 ENVISAT-SCIAMACHY Spectrometer 

The Scanning Imaging Absorption spectrometer for Atmospheric 
Chartography (SCIAMACHY) instrument (Burrows et al., 1995; 
Bovensmann et al., 1999, 2004) is a part of the atmospheric 
chemistry payload of the European Space Agencies (ESA) 
environmental satellite ENVISAT, launched in March 2002. The 
primary scientific objective of SCIAMACHY is the global 
measurement of various trace gases in the troposphere and 
stratosphere, which are retrieved from the solar irradiance and earth 
radiance spectra. The SCIAMACHY is a passive remote sensing 
spectrometer consists of 8 grating spectrometers channels 
(Bovensmann et al., 1999) that measures spectra of scattered, 
reflected and transmitted solar radiation up welling from the top of 
the atmosphere (Burrows and Chance, 1991; Burrows et al., 1995; 
Bovensmann et al., 1999). The instrument measures between 
spectral region 214-2386 nm, in which 214 nm to 1773 nm is 
measured continuous radiances in six channels whereas two 
additional channels cover the regions 1934-2044 nm and 2259 to 
2386 nm (for detection of  methane). The SCIAMACHY near 
infrared (NIR) nadir spectra contain information of many important 
atmospheric trace gases (e.g., BrO, OCIO, H2O, SO2, NO2, CH2O, 
O3, N2O, CO, CH4 and CO2). The near- infrared spectrometers are 
used for global measurement of total columns of carbon monoxide 
and greenhouse gases such as carbon dioxide and methane 
(Frankenberg et al., 2005). The satellite operates in a near polar, 
sun-synchronous orbit at an altitude of 800 km and crossing the 
equator at 10:00 AM local time. The instrument alternates between 
limb and nadir modes of measurement. In the latter mode, a swath 
of 960 km gives full global coverage is achieved every six days (14 
orbits per day). The typical ground pixel size of SCIAMACHY is 
30 km (along track, i.e., approximately North-South) times 60 to 

120 km (across-track, i.e., approx. East-West) (Frankenberg et al., 
2005). 

2.2 SPOT VEGETATION Sensor 

SPOT-VEGETATION sensor is a multispectral instrument flown 
abroad the SPOT satellite platforms. The sensor operates in four 
spectral bands: blue (0.43-0.47 µm), red (0.61-0.68 µm), near-
infrared (0.78-0.89 µm) and shortwave infrared (SWIR, 1.58-1.74 
µm) having a spatial resolution of 1 km. The red and near-infrared 
used to characterize vegetation; the blue wavelength band is used 
for atmospheric correction of the other bands. The 2250 km swath 
width allows daily imaging of about 90 % of the equatorial regions, 
the remaining 10 % being imaged the following day at latitudes 
above 350 (North and South) all regions are observed daily. 

3. METHODOLOGY 

Study area comprising of Indian subcontinent was extracted from 
global data sets by overlaying the India’s boundary. In order to 
facilitate a correlation study between SCIAMACHY CH4 data and 
with the SPOT NDVI fields, all data have been gridded on a 
common 0.50x0.50 latitude/longitude grid. Normalised Difference 
Vegetation Index (NDVI) values of all the dates were generated 
from the Digital Number (DN) values using the formula mentioned 
in VGT User’s guide (1999). 

NDVI= (NDVIDN*0.004)-0.1 

Where NDVIDN = Digital numbers of the original NDVI image 
dataset.  NDVI is defined as  

RN

RNNDVI
ρρ
ρρ

+
−

=  

Where   &   represents the reflectance in Near Infra red (NIR) and 
Red spectral bands respectively. The values of the NDVI represent 
the vegetation vigour. 

Atmospheric CH4 concentration was retrieved from 
SCIAMACHY data using WFM-DOAS version 0.4 algorithm 
developed at University of Bremen. DOAS technique primarily 
uses the concept of differential detection of radiances in gaseous 
absorption channels with respect to neighbouring atmospheric 
transparent spectral channels (not influenced by gas) to estimate the 
concentration of desired gas. Fitting a linearized radiative transfer 
model plus a low–order polynomial to the logarithm of the ratio of 
a measured nadir radiance and solar irradiance spectrum is used in 
implementation of WFM-DOAS approach. Present analysis 
consists of extraction of study region from global data, analysis of 
seasonal fluctuation in methane as well as NDVI data, validation of 
methane product using NOAA-CMDL Global view field 
measurement data and correlation analysis between CH4 and 
NDVI during Kharif season in India. The flow diagram of the 
different components of the study is shown in Fig 1. weekly 
composite data of CH4 was averaged at monthly interval for 
compatibility with monthly NDVI derived from 10 day composite 
data. Due to unavailability of systematic calibrated field measured 
data during the study period, NOAA-CMDL, GLOBAL VIEW 
data at Assekrem, Algeria (23.180N, 5.420E) available at weekly 
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interval was used to validate the CH4 concentration over the 
corresponding region. Correlation coefficient was calculated to 
determine the relationship between the averaged CH4 and NDVI 
during Kharif season by pooling the data of two years (2004 -05). 
The correlation coefficient xyr  is defined as 

( )
yx

xy
YXCOVr

σσ ⋅
=

,  

Where: =r  Correlation coefficient, X refers to monthly mean 

CH4 concentration (ppbv), Y  refers to monthly mean NDVI, 

xσ and yσ are standard deviations of X  and Y  respectively 

and ),( YXCOV is  

( )( )∑
−

−−=
n

j
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n
YXCOV

1
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),( μμ  

Where jx  &  jy  are monthly means of CH4 and NDVI, 

xμ and yμ  represents the seasonal mean CH4 and NDVI 

whereas n is number of observations. 
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Figure 1. Flow Diagram Showing Different Components of 
Study on Correlation Between Columnar Methane 
Concentration with Vegetation Phenology During Kharif 
Season 

4. RESULTS AND DISCUSSION 

4.1 Variation of Methane Over India 

The seasonal distribution of CH4 concentration over India was 
analyzed using SCIAMACHY sensor data and it was correlated 
with vegetation growth characteristics. Fig. 2 shows the spatial 
variation of average CH4 conc. during Kharif season over Indian 
subcontinent. It can be seen from the figure that rice dominated 
regions of parts of Indo- Gangetic plain (UP, Bihar, WB) is 
associated with higher CH4 concentration as compared to arid and 
semi aid regions of western India (Rajasthan, Gujarat). Fig. 3 
shows seasonal pattern of CH4 conc. from representative regions of 
India. The reported IPCC global mean value of CH4 concentration 

is 1774 ppb in 2005 (IPCC report 2007).  India’s average CH4 
concentration (2004-05) estimated from present study is also 
shown in Fig. 3 which ranged from 1693 ppbv to 1780 ppbv with a 
mean of 1726 ppbv. Considerable increase in CH4 concentration 
was observed in the Kharif season which ranged between 1704 
ppbv to 1780 with an average of 1750 ppbv. Methane conc. was 
found minimum in May with peak value in September. It can be 
seen from the Fig. 3 that West Bengal and Punjab is associated 
with higher CH4 concentration as compare to Tamilnadu and 
Himalayan forested region (Jammu and Kashmir) in Kharif season. 
The above observations can be attributed to as an effect of rice 
cultivation. It can also be seen that Tamilnadu shows more than 
above Indian average concentration during winter season due to 
rice cultivation in Northeast monsoon. High altitude and low 
population density is the major reason behind lower concentration 
of CH4 during all the months in Himalayan forested regions.  

 
No data

<1700

1740

1780

>1800

1700

No data

<1700

1740

1780

>1800

1700

 

Figure 2. Two year Kharif season average of columnar 
atmospheric concentration (ppbv) of CH4 retrieved from 
SCIAMACHY from May-October of 2004 and 2005. The 
measurements have been gridded with a spatial resolution of 
0.5o longitude time’s 0.5o latitude 
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Figure 3. Temporal and Spatial Variation of Atmospheric CH4 
Concentration Over India During 2004 – 05 

4.2 Validation of Methane Product 

SCIAMACHY based measurements were compared with the 
surface methane concentration data, which are available from the 
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NOAA ESRL Global monitoring division (NOAA-ESRL) (Carbon 
Cycle Greenhouse Gases Group, NOAA Climate Monitoring and 
Diagnostics Laboratory, Boulder, Colorado. A comparison of the 
averaged columnar CH4 derived from SCIAMACHY was made 
with measurements from NOAA-CMDL, GLOBAL VIEW data at 
Assekrem, Algeria (Lat 23.180N Long 5.420E). The seasonal 
variability of columnar CH4 derived from the SCIAMACHY 
measurements and the NOAA-CMDL data was found to have a 
good agreement. SCIAMACHY retrievals were found 
underestimated by 6.5 % from measured NOAA-CMDL data. 

4.3 Variation of NDVI Over India 

Spatial and temporal variability of NDVI was analysed over Indian 
subcontinent during 2004-05. Fig. 4 shows the average distribution 
of NDVI during Kharif season (May-October) in 2004 - 05. 
Evergreen Himalayan ecosystem from Kashmir to North East and 
forest regions of Western Ghats (Kerala) are associated with higher 
NDVI (>0.4) as compared to arid regions of India (<0.2). Parts of 
rice ecosystems in Indo Gangetic Plains including Andhra Pradesh, 
Karnataka, Chattisgharh, and Orissa are associated with NDVI 
ranging from 0.2 to 0.4. Fig. 5 shows the India average temporal 
distribution of vegetation growth (NDVI). Distinct two peak 
system comprising of trough in May (NDVI= 0.31 in summer) and 
peak I, peak II in February (NDVI= 0.44) and September (NDVI= 
0.53) respectively can be seen in the Fig. 5. 
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Figure 4. Distribution of NDVI (Vegetation) over India During 
Kharif Season (May-October) in 2004-05 
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Figure 5. Temporal Variation of Vegetation Over India During 
2004–05 

4.4 Relationship Between Methane and Vegetation 
Phenology 

Correlation coefficient (r) was calculated between the averaged 
CH4 concentration and NDVI during Kharif season. Gridded values 
of correlation coefficient are given in Fig.6. A significant positive 
correlation was found in rice growing areas of Indo Gangetic plain 
(r= >0.7) Hilly terrain of Jammu and Kashmir, desert of Rajasthan 
and other natural ecosystem showed the significantly low 
correlation (<0.1 to 0.1). It was observed that parts of North East 
India which was found to have high CH4 concentration and 
vegetation vigour showed lower correlation coefficient (r). This 
indicates that high CH4 concentration in North East region of India 
could be due to other sources of emission including transport 
instead of vegetation.  

No data

<0.1

0.5

0.7

>0.7

0.1

 

Figure 6. Correlation Between Columnar Methane 
Concentration and Vegetation During Kharif Season in 2004-05 

5. CONCLUSIONS AND FUTURE DIRECTION 

Atmospheric methane concentration over India was analysed in 
relation to vegetation dynamics using ENVISAT-SCIAMACHY 
and SPOT-VEGETATION NDVI data. It was observed that rice 
dominated regions of parts of Indo- Gangetic plain (UP, Bihar, 
WB) was associated with higher CH4 concentration (> 1780 ppbv) 
as compared to arid regions of western India (Rajasthan, Gujarat) 
and Jammu and Kashmir (<1700 ppbv).  Parts of forest ecosystem 
of North Eastern India also showed very high concentration of 
methane during Kharif season. The CH4 concentration temporal 
profile was found to be in agreement with growth pattern of rice 
with occurrence peak in September.  A validation of the columnar 
CH4 derived from SCIAMACHY measurements showed 6.5% 
underestimation in comparison to NOAA-CMDL, GLOBAL 
VIEW data at Assekrem, Algeria (23.180N, 5.420E).A very 
significant high correlation (r= 0.76) coefficient was observed 
between CH4 concentration and vegetation growth during Kharif 
season. The rice growing areas of Indo Gangetic plain showed the 
significantly high positive (r=>0.7) correlation. Characteristically 
low correlation was observed (r=0.1) in deserts of Rajasthan and 
forested Himalayan ecosystem. The results obtained in seasonal 
fluctuations of methane in rice ecosystem were in accordance with 
field observation of Manjunath et al. 2009 data. Improved methane 
estimation for more number of year from presently available data 
from GOSAT mission as well as future Indian satellite on 
greenhouse gases would add further  understanding over the 
variability  of methane concentration vis a vis different sources of 
emission. 
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ABSTRACT:  
 
The present study investigates the characteristics of CO2 exchange (photosynthesis and respiration) over agricultural site dominated by 
wheat crop and their relationship with ecosystem parameters from MODIS. Eddy covariance measurements of CO2 and H2O exchanges 
was carried out at 10Hz interval and fluxes of CO2 were computed at half-hourly time steps. The net ecosystem exchange (NEE) was 
partitioned into gross primary  productivity (GPP) and ecosystem respiration (Re) and integrated daily to derive seasonal course of  CO2 
exchange over wheat. Diurnal pattern in Net ecosystem exchange (NEE) reveals negative NEE during day-time representing CO2 uptake 
and positive during night as release of CO2. The amplitude of the diurnal variation in NEE increased with growth of wheat and  reached its 
peak around the anthesis stage. The mid-day uptake during  this stage was around 1.15 mg CO2 m-2 s-1 and night-time release was around 
0.15 mg CO2 m-2 s-1. Large daily GPP above 30 g CO2 m-2 d-1 continued until mid of anthesis stage (15 march) and decline rapidly during 
maturity stage. Linear and non-linear least square regression procedures were employed to develop phenomenological models and 
empirical fits between flux tower based GPP and NEE with satellite derived variables and environmental parameters. Enhanced vegetation 
index was found significantly related to both GPP and NEE. However, NDVI showed little less significant relationship with both GPP and 
NEE. Furthemore, temperature-greenness model combining scaled EVI and LST was parameterized to estimate daily GPP over 
dominantly wheat crop site. (R2 = 0.77).  Multi-variate analysis shows that inclusion of LST or air temperature with EVI improved variance 
explained in daily NEE and GPP. 
 
 

                                                                 
∗ nrpatel@iirs.gov.in 

1. INTRODUCTION 

In the past few decades, remote sensing has received much 
attention in the study of biogeochemical cycles such as carbon, 
water, and energy exchange between ecosystems and the 
atmosphere in the context of global climate change. Many remote 
sensing based models of CO2 and water vapour exchanges are 
developed but they still require considerable input from ground 
based meteorological measurements and look up tables based on 
vegetation type. Simple photosynthetic efficiency based models 
even needs assignment of correct LUE and spatially representative 
meteorological data for estimating carbon storage over large areas. 
The MODIS product termed MOD17 (Running et al., 2004) is one 
of the primary sources of remote sensing based gross primary 
productivity (GPP) estimates at the global scale. 

Flux towers are now-a-days become a promising tool to measure 
net exchange of carbon dioxide and water vapor at land-scape (0.5 
– 1 km2) scale. Flux towers are mostly operating worldwide as 
FLUXNET (http://daac.ornl.gov/FLUXNET/); Valentini, 2003; 
Baldocchi et al. 2001; Falge et al.,2002). At present, over 400 
tower are operating on a long-term and continuous basis but mostly 
located in forest and grassland ecosystems. Agroecosystems are 
equally important and contributes to regional carbon budget where 
croplands are dominant. Croplands in India covers almost 60 

percent of land mass and contributes approximately 50% of 
terrestrial productivity on a national scale (Nayak et al. 2009). 

Furthermore, flux measurements of photosynthesis and respiration 
over crops and their response to environmental variables is 
indispensable for understanding physiological behaviour of agro-
ecosystem under current condition and predicting in future climate 
change. 

In past one decades, the use of time series of MODIS data to 
monitor changes in physical surface characteristics governing 
biospheric processes over large geographical areas have received a 
greater attention by scientific community. MODIS based 
vegetation indices and land surface temperature information have 
been proved effective for quantifying vegetation greenness, water 
stress and net primary productivity (Patel et al, 2010). 

Recently, relationship between times-series of satellite derived 
vegetation indices from MODIS and tower based flux data have 
been emerged as promising alternative to LUE models in a number 
of studies on ecosystem carbon exchange (Sims et al., 2006; Huete 
et al., 2009). Vegetation indices e.g  normalized difference 
vegetation index (NDVI), Enhanced vegetation index (EVI) and 
Photochemical reflectance index (PRI) have shown potential to 
upscale carbon assimilation fluxes (GPP, NEECO2 and Re) from 
eddy covariance tower to large geographical areas (Nakaji et al., 
2007; Glenn et al. 2008). 
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Present study, therefore, investigates diurnal and seasonal variation 
in CO2 flux over wheat and its relationship with satellite derived 
measures for scaling over large areas. 

2. MATERIALS AND METHODS 

2.1 Study Site 

The site is pre-dominantly under agriculture  and located near 
Modipurum  about 10 km northwest from Meerut in western 
UttarPradesh, India (29°05'N, 77°42'E; 237 m above mean sea level 
). The site is basically a Practical Crop Production (PCP) Farm for 
graduate student training and falls within Sardar Vallabhbhai Patel 
University of Agriculture and Technology (SVBPAUT) Campus, 
Modipurum. The western Uttar Pradesh  represents Upper Gangetic 
Plains  and frequently referred as “Food Bawl” of Uttar Pradesh. 
This is an intensively cultivated transect with 150% cropping 
intensity. The climate of Meerut is semiarid subtropical, with dry, 
hot summers and cold winters. The average annual rainfall is 810 
mm, 75% of which is received during July–September. Mean 
maximum and minimum 26.9 and 10.1°C during the wheat (Nov. 
to Apr.) growing season.  

2.2 Flux and Meteorological Data 

An eddy covariance (EC) system  (29°05′33″N, 77°41′53″E) has 
been operated continuously by Indian Institute of Remote Sensing 
(ISRO),  at the agriculture site dominated by wheat crop since 
January 2009 (fig. 1). Wheat crop was emerged on  16th 
December, 2009 and harvested by third week of April, 2009. 

 

Figure 1. Eddy Covariance Measurements at Meerut Site 

The EC system consists of a three-dimensional sonic anemometer 
(model CSAT3, Campbell Sci., Logan, UT) and an open-path 
infrared gas analyzer (IRGA, Li-7500, Li-Cor Inc., Lincoln, 
Nebraska, USA). Components of the turbulent wind vector were 
measured using a sonic anemometer. Open-path IRGA was used to 
measure CO2 and water vapor concentrations.  Signals from both 
sensors were recorded at 10 Hz interval with a data logger (model 
CR3000, Campbell Scientific Inc.). Half-hourly fluxes of CO2 and 
H2O were calculated online  using the open-path eddy flux 
technique  after  making corrections to latent heat and CO2 fluxes 
for the effects of density fluctuations arising from sensible and 
latent heat fluxes (Webb et al., 1980). Meteorological data such as 
air temperature and humidity was also measured at 30 minute 
interval using shielded and aspirated sensor (HMP-35 A, Vaisala, 
Helsinki, Finland). 

2.3 Satellite Data  

MODIS is a versatile payload on-board the NASA’s Terra and 
Aqua satellites. The Terra (MODIS) and Aqua (MODIS) captures 
earth observations  over entire globe every  1–2 days in 36 spectral 
bands  with the spatial resolution of 250 m, 500 m and 1 km.. The 
MODIS Land Science Team provides a suite of standard data 
products to the users (http://modis-land.gsfc.nasa.gov/) which 
comprises daily, 8-day, 16-day and some other long-term products. 
Products from Terra (MOD) and Aqua (MYD) satellite platforms 
were downloaded from the EOS Data Gateway.  We obtained daily 
surface  reflectance (MOD09GA & MYD09GA) and land surface 
temperature (MOD11A1 & MYD11A1) for Jan- Apr, 2009. 
Surface reflectance values from these four spectral bands (Blue, 
Red, NIR (841–875 nm) and SWIR (1628–1652 nm)) were used to 
calculate the vegetation indices (NDVI, EVI).  

2.4 Estimation of GPP and Ecosystem Respiration (Re) 

The measured net ecosystem CO2 exchange on half-hourly basis 
was calculated after applying gapfilling and various corrections 
with respect to air density fluctuation effects and insufficient 
turbulence. We rejected NEE data that are spurious and outside 
logical bounds. Small gaps (< 2 h) were filled by simple linear 
interpolation from adjacent data. Longer gaps were filled using 
mean diurnal variation method. We also screen out night-times 
CO2 flux data that appeared with below friction velocity (u*) 
threshold (u* < 0.1). Gaps and screen out NEE during night hours 
were filled by applying the relationship between night-time Re and 
air temperature developed from valid nocturnal CO2 flux. Daytime 
respiration (Re, day)) was estimated by extrapolating the 
relationship between nigh-time respiration and air temperature to 
daytime air temperature. A rectangular hyperbolic function 
(Michaelis–Menten, 1983) was applied to parameterize quantam 
yield (α) and hypothetical maximum GPP saturation (Pmax) at 
infinite PAR. Parameters of hyperbolic function were also used to 
fill gaps in NEE during day hours.  

Finally, the gross primary productivity was quantified as residual 
of NEE and ecosystem respiration: 

GPP = -NEE + Re 
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2.5 Satellite Data Processing  

We acquired daily surface reflectance of Blue, Red, Near-infrared 
(NIR) and shortwave-infrared (SWIR) to derive time-evolution of 
vegetation indices (NDVI and EVI). Vegetation indices were 
calculated as : 

NDVI =  (ρNIR - ρRed)/ (ρNIR + ρRed) 

EVI   = 2.6 *[(ρNIR - ρRed) / (ρNIR + 6*ρRed-7.5*ρBlue+1.0)] 

Time-series of NDVI so calculated was corrected for cloud 
interference. We used three-point time filter to replace vegetation 
index values of cloudy pixels identified in quality-flag layer of 
MODIS products. Many studies have explored earlier the simple 
relationship between vegetation index and tower flux data for 
developing predictive equation. Such type of relationship could not 
be able to estimate GPP accurately during drought or water stress 
conditions. So we used temperature-greenness model (Sims et al., 
2008) that takes into account both greenness index and land surface 
temperature for improving flux estimates. T-G model is simple 
multiplicative formula: 

GPP = m × EVI* × scaled LST 

Where, m is a scalar (mol C m-2 d-1), EVI* is scaled EVI as 
recommended by Sims et al. 2006: 

EVI* = EVI- 0.1  

The scaled LST in T-G model is defined as: 

⎥
⎦

⎤
⎢
⎣

⎡
×−⎟

⎠
⎞

⎜
⎝
⎛= ))05.0(5.2(;

30
min LSTLSTScaledLST  

This scaled LST represents maximum value of scaledLST = 0 
when LST is 30°C and minimum values of scaledLST=0 when 
LST declines to 0 or increases to 50 °C (Sims et a 2008). This 
equation also fits to GPP data of our flux site and shows that GPP 
reaches optimum around 30 °C and declines to zero if LST 
decreases to 0 °C or increases to 50 °C. For developing a predictive 
model, we used time series of EVI* and scaled LST values 
extracted surrounding flux tower by using geographical 
coordinates. A 3 × 3 pixel window was used to extract the values of 
vegetation indices and corresponding to time series of CO2 flux 
data 

Furthermore, we also employed multi-variate analysis to develop 
phenomenological models for estimating major CO2 exchange 
components (GPP, NEE) in wheat from remotely sensed (EVI, 
NDVI, LST) and other environmental parameters.  

3. RESULTS AND DISCUSSION 

3.1 Diurnal NEE Patterns 

Seasonal changes in diurnal pattern of net ecosystem exchange of 
CO2 can provide how crop phenology and growth dynamics 
controls the rate of photosynthesis and respiration. To examine 
such behaviour, diurnal pattern of measured CO2 exchanges after 
gap filling and filtering is illustrated for different four growth 
periods in Fig. 2. Throughout the period, NEE was negative during 
the daytime and positive during the nighttime.  Day-time NEE 

during tillering stage was fluctuated within 0.25 to 0.90 mg CO2 m-

2 s-1. At this stage, the NEE was low but CO2 uptake during mid 
day was quite clear even at low LAI (1 -2 ). The midday peak 
value of NEE increased with increasing LAI and decreased rapidly 
during maturity period. The photosynthetic rate was much lower 
during the maturity stage than during the tillering  stage, with 
similar values of green LAI. The amplitude of the diurnal variation 
in NEE increased with growth of wheat and reached its peak 
around the anthesis stage. The mid-day uptake during this stage 
was around 1.15 mg CO2 m-2 s-1 and night-time release was around 
0.15 mg CO2 m-2 s-1. As crop advances to post anthesis stage, peak 
NEE decreases to 0.8 mg CO2 m-2 s-1 due to crop senescence as 
reflected from reduced LAI. However night-time respiration 
remain at same magnitude as in previous stage. During maturity, 
the mid-day uptake of CO2 declined drastically to below 0.50 mg 
CO2 m-2 s-1. There was also reduction in number of hours during 
which daytime NEE was negative  

 
Figure 2. Diurnal Variation in Net Ecosystem CO2 Exchange 
from Four Growth Stages. Negative NEE Indicates Flux from 
Atmosphere to Ecosystem 
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3.2  Respiration-Temperature  Response Function 

Ecosystem respiration consists of both growth and soil respiration 
and largely influenced by environmental parameters such as 
temperature and moisture. Temperature response functions were 
evaluated for different growth periods to check dependence of Re 
on biomass. For a each growth periods, the night Re was separated 
into 1 ºC wide temperature bins and averaged. We tried 
exponential relationship between night-time Re sorted for U* > 0.1 
m/s-1 and bin averaged air temperature for different periods. We 
found strong exponential relationships with variance  explained in 
night Re were 70, 42 and 62% during anthesis,  maturity and after-
harvest periods. The temperature sensitivity coefficient (Q10) 
observed during anthesis and harvest period were 2.1 and 1.95 
which is close to a value (2.0) often used in respiration models 
(Arora and Gajri, 1998). Very low Q10 of 1.06  at maturity stage 
was mainly due to curtailed need of   respiration for growth and 
maintenance. Night Re was high  when crop had more active green  
biomass and decline drastically during maturity stage.   

3.3 Photosynthesis-Light Response Curve 

Gross primary productivity is mainly influenced by canopy 
characteristics (e.g. leaf area index, chlorophyll content etc)  and  
intensity of radiation. Considering absorbed light as source of 
energy for gross photosynthesis, we examine relationship between 
gross primary productivity and absorbed photosynthetically active 
radiation at four critical growth periods of wheat growing season. 
The GPP data are half-hourly diurnal averages during a week of 
respective periods. of weekly measured PAR of different growth 
stages.  

A hyperbolic Michaelis–Menton relationship (e.g. Falge et al., 
2001) was fitted to the data by the least square regression. 
Parameters obtained for this   function such as ecosystem quantum 
yield (α) and GPP saturation (Pmax) are listed in table 1. Results 
reveals that quantum yield decreased from 0.14 mol CO2 mol 
photons-1 during tillering growth stage to merely  0.021 mol CO2 
mol photons-1. Although LAI was less at tillering, high value of α 
was mainly resulted from reduced light levels caused by foggy 
weather condition. However,  GPP maxima showed trend that 
matches with  LAI. Peak GPP in wheat was 2.6 mg CO2 m-2 s-1 and 
occurred at anthesis stage. 

Growth 
Stage 

α  (mol 
CO2 mol 
photon-1) 

Pmaz (mg CO2 
m-2 s-1) 

R2 N 

Tillering 0.14 1.47 0.64 17 
Anthesis 0.052 2.60 0.76 39 
Post-anthesis 0.054 1.60 0.85 27 
maturity 0.02 0.33 0.51 22 

Table 1: Ecosystem Quantum Yield (α ), the Hypothetical 
Maximums of GPP (Pmax) for Different Growth Stages of Wheat 

3.4 Relationship Between CO2 Exchange Components and 
MODIS Derived Ecosystem Variables   

Correlation analysis results as shown in table 2 indicates that 
components (NEE, Re, GPP and NEEsatpass) of CO2 exchange over 
wheat ecosystem were strongly related to MODIS derived 
ecosystem variable (EVI, NDVI,LST etc).  

Variables NDVI EVI LST Tair VPD 
GPP 0.73** 0.76** -0.68** -0.64** -0.66** 
NEE 0.74** 0.76** -0.74** -0.70** -0.71** 
NEEsatpass 0.75** 0.76** -0.73** -0.67** -0.66** 
Re 0.67** 0.61** -0.47** -0.44** -0.47** 

Table 2: Correlation Between Flux Components and Ecosystem 
Variables 

Results as shown in table 2 reveals that GPP and NEE over agro-
ecosystem dominated by wheat was found significantly and 
positively related to vegetation indices. Whereas, environmental 
variables such as LST, air temperature and vapor pressure deficit 
were negatively correlated with GPP, carbon exchange components 
(GPP, NEE, Re and NEEsatpass). The significant correlation 
allowed us to evaluate combined effect of both greenness and 
temperature on GPP by parameterization of T-G model. The 
combined effect of greenness and temperature as discussed in T-G  
model could better explained variance in GPP (R2 = 0.77). The fit 
is significant based on t-test (p = 0.012). The scalar parameter (m) 
was parameterized for wheat site (Meerut) is 4.32 mol C m-2 d-1 
(fig. 3). The T-G model demonstrates that GPP can be estimated 
with a high degree of accuracy using only satellite remote sensing 
data, if scalar parameter is parameterized for diverse ecosystems 
and climate regimes. The applicability over a regional scale 
requires testing of model across varied agro-ecosystems and 
multiple years.  

 

Figure 3. Daily GPP Measured at Flux Tower as a Function of 
Scaled EVI × Scaled LST for Year 2009 

It was also observed that GPP verses scaled EVI × LST is not truly 
linear. We therefore fitted sigmoidal function to see existence of 
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non-linearity (Fig. 4). It was found that the use of a sigmoid 
function in place of the linear function improved amount of 
variance explained in GPP (R2 = 0.81).  

 

Figure 4. Sigmoid Curve of GPP from a Flux Tower (Merrut 
site) as a Function of Scaled EVI × LST   

3.5 Phenomenological Models for GPP and NEE 

Multi-variate regression analysis revealed significant relationship 
between the major CO2 exchange components (NEECO2, GPP) and 
various combination of vegetation indices and environmental 
variables (LST, Tair). We found that inclusion of either LST or Tair 
with either of vegetation index led to slight improvement in 
statistical model (Table 3). Most of these combinations had 
explained variance in GPP or NEECO2  within range of  55 to 65 
percent. Although significant relationship, we did not find any 
improvement performance of model fit as compared to T-G model.  

Carbon Exchange 
Components 

Predictor 
Variables 

R2 N SEE 

EVI,  Tair 0.64 75 5.26 
EVI, LST 0.61 57 5.51 
NDVI, Tair 0.61 75 5.49 

 
NEECO2 

NDVI, LST 0.54 57 5.98 
EVI,  Tair 0.60 75 8.81 
EVI, LST 0.57 57 9.12 
NDVI, Tair 0.61 75 8.72 

 
GPP 

NDVI, LST 0.63 57 8.44 

Table 3: Functional Characteristics of Phenomenological 
models  

CONCLUSION 

The study explores utility of eddy covariance measurements for 
better understanding of  diurnal  and seasonal behavior of CO2 
exchange in  agro-ecosystem dominated by wheat crop. Negative 
NEE found during day-time represents photosynthesis and positive 
NEE during night-time as respiration. At a given growth stage, the 
daytime NEE (net ecosystem CO2 exchange) and incident PAR 
were closely linked through a hyperbolic relationship. High 
quantum yield of  0.14  was observed during early stage due to 
foggy weather. Light-saturation limits however found closely 
related to leaf area index. Temperature sensitivity coefficient (Q10) 

of respiration was found much close to reported values. Peaks in 
GPP were observed approximately 72 days after emergence and 
coincides with  the seasonally maximum LAI.  When examine 
relationship of major CO2 exchange components with remotely 
sensed signatures, we found that temperature-greenness model 
involving  enhanced vegetation index and land surface temperature 
might provides accurate estimation of gross primary productivity. 
Overall, this study provides basis for  better physiological 
characterization of wheat and  improvement of crop models.  
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ABSTRACT:  
 
The authors have developed and validated a photosynthetic-sterility model for grain production monitoring under the background of 
climate change and Asian economic growth in developing countries. This paper presents an application of the model to evaluate car-bon-
fixation rates in yields of paddy rice, winter wheat, and maize in Asia. The validation of the model is based on carbon partition-ing in grain 
plants. The carbon hydrate in grains has the same chemical formula as that of cellulose in grain vegetation. The parti-tioning of carbon in 
plants can validate fixation amounts of computed carbon using a satellite-based photosynthesis model. The model estimates the 
photosynthesis fixation of rice reasonably in Japan and China. Results were validated through examination of carbon in grains, but the 
model tends to underestimate results for winter wheat and maize. This study also provides daily distribu-tions of the PSN, which is the 
CO2 fixation in Asian areas combined with a land-cover distribution classified from MODIS data, NDVI from SPOT VEGETATION, and 
meteorological re-analysis data by European Centre for Medium-Range Forecasts (ECMWF). The mean CO2 and carbon fixation rates in 
paddy areas were 25.92 (t CO2/ha) and 5.28 (t C/ha) in Japan, respectively. Comparisons between the model’s values and MODIS seasonal 
PSNs show similar trends. The writers are preparing to compare computed photosynthesis rates with observed AsiaFlux data for the 
validation of this model at field sites of paddy, grassland and for-ests in Japan and Asian countries. The model is based on routine 
meteorological and remotely sensed data, enabling operational monitoring of crop yields. 
 
 

1. INTRODUCTION 

This study has developed and validated a model for estimating 
CO2 fixation and grain yields using a photosynthetic-sterility 
model, which integrates solar radiation and air temperature ef-fects 
on photosynthesis, along with grain-filling from heading to 
ripening. Monitoring crop production using remotely sensed and 
daily meteorological data can provide an important early warning 
of poor crop production to Asian countries, with their still-growing 
populations. Grain production monitoring would support orderly 
crisis management to maintain food security in Asia, which is 
facing climate fluctuation through this century of global warming. 
Prices of grain tripled compared to those of the last decade and are 
showing instability because of global finan-cial uncertainty. The 
proposed crop production index (CPIU) takes the amount of 
growth as known, using the normalized dif-ference vegetation 
index (NDVI), and estimates the instantane-ous photosynthesis rate 
(PSN) as well as low temperature steril-ity and high temperature 
injury from the heading to the ripening stage (Kaneko, Ohnishi, 
and Ishiyama 2003; Kaneko et.al., 2004, 2005; Kaneko, 2006, 
2007, Kaneko, Kumakura and Yang, 2009) . As for related 
horizontal distributions, a decision-tree method classifies the 
distribution of crop fields in Asia using MODIS fundamental land-
cover and SPOT VEGETATION data, which include the NDVI 
and Land Surface Water Index (LSWI). This study also provides 
daily distributions of the PSN, which is the CO2 fixation in Asian 

areas combined with the land-cover distribution. Two validation 
methods for operational monitoring are a comparison between the 
computed seasonal PSN of this model with that of MODIS PSN 
and the other is to compare carbon harvested in grains with fixed 
grain carbon, which is computed by our model, by partitioning 
fixed CO2 into rice, straw and root portions of plant biomass. 

2. METHOD FOR MONITORING CROP PRODUCTION 
AND VALIDATION 

The author defined the photosynthesis rate (PSN) using Eq. (1a) 
shown below, with a Michaelis-Menten type of radiation re-sponse 
function frad_mm that is proper for wheat and maize, and another type 
of radiation response function frad_pc proposed by Prioul-Chartier 
(1977), which properly fits the curve of the pho-tosynthesis rate for 
paddy rice. 
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(MJ/m2), βs is the stomatal opening� amm and bmm are Michae-
lis-Menten constants, Tc is the canopy temperature (ºC), eLAI is 
the effective leaf area index, apc is the Prioul-Chartier con-stant, 
PSNmax is the maximum PSN, and m is the curve con-vexity 
constant. 

The unit of the photosynthesis model is the carbon dioxide fixa-
tion rate (gCO2/m2/DAY), which fits the objectives for carbon 
circulation on the earth in this era of climate change. The tem-
perature response function of the photosynthesis rate fSyn issuch 
that the rate PSN falls at low air temperatures. The func-tion fSyn 

shows an S-shaped curve defined by Eq. (2), and is well known as 
the Sigmoidal-Logistic type function: 
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3. DATA USED FOR MODELING AND VALIDATION 

Crop production index for rice requires daily solar radiation and air 
temperature data, since these vary widely from day to day. The 
ground air temperature data at test counties are supplied by the 
Japanese Meteorological Agency from Automated Meteoro-logical 
Data Acquisition System (AMeDAS) points. The Japa-nese 
Ministry of Agriculture, Forestry, and Fisheries provides grain 
statistical information, which includes crop situation in-dex CSI for 
the paddy rice at ten counties for modeling and monitoring those 
paddy provinces. This CSI index is the ratio 

 

Figure 1. Validation Sites in East Asia Including Japan for 
Validation 

of crop production in the year in question to the mean annual 
production for the ten most recent years. Calendars of crop seeding 
and harvest were provided at our request by the statis-tics 
information offices for the district agricultural administra-tive 
bureaus of the same Ministry. Figure 1 shows the distribu-tion of 
vegetation index NDVI in Southeast Asia including Japan derived 
by spot vegetation.  

The NDVI is used as an index of the vegetation biomass for the 
crop production indices of CPI and CYI. The irradiance data are 
supplied from European Centre for Medium-Range Forecasts 
(ECMWF) and are used in computing the CPI and CYI over Asian 
countries other than Japan. 

4. RESULTS OF THE CROP PRODUCTION INDICES 
AND VALIDATION 

Figure 2 shows a distribution of photosynthesis rate (CO2 fixa-tion) 
in grain fields during most severe drought conditions in the North 
China plain. The PSN has incorporated the main fac-tors related to 
photosynthesis rate, and is applicable to signifi-cant climate 
changes and abnormal weather conditions because of its basis in 
photosynthesis. Comparisons between the mod-el’s values and 
MODIS seasonal PSNs show similar trends as shown in Figure 3. 
The writers classified the crop fields of MODIS land-use 
distribution into those of four cultivation modes: rice, winter wheat, 
spring wheat, and other crops, using a decision-tree method with 
two factors: vegetation phenology and water surface detection of 
Land Surface Water Index (LSWI) (2005, 2006). Figure 4 depicts 
relations between esti-mated Crop Yield Index CYI and Julian day 
for early monitor-ing of rice production at the example of 
Furukawa site in Japan. The CYI is useful for monitoring the 
seasonal variation of rice yield at early stages of rice.  

Table 1 shows a validation of the present photosynthesis model 

 

Figure 2. Distribution of Photosynthesis Rate (CO2 
Fixation) in Southeast Asia on 1 August 2001 
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Figure 3. Comparison of Computed PSN by the Present 
Model with that of MODIS PSN 

 

Figure 4. Relation Between Estimated Crop Yield Index 
CYI and Julian day. for Early Monitoring of Rice 
Production at the Example of Furukawa site in Japan 

 

Table 1: Validation of the Present Photosynthesis Model by a Carbon Weight Included in Grains 
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by carbon weights included in rice biomass of cellulose (C6H10O5)n 

and starch. Results of the comparison show good agreement with 
prior data: differences between carbon contents in grain and carbon 
fixation estimated by the model are -3.7%, +15.7%, and +15.8%, 
respectively, in Japanese northern regions of Iwamizawa, Ohogata, 
and Furukawa. In China, the estimation error of -1.4% is small for 
rice at Nanjing. However, the comparison error is considerable on 
cases of winter wheat and maize. Authors recognize the necessity 
of validation sites in other countries for these grains as the case of 
paddy rice sites in Japan. Table 2 includes a severe case of bad 
harvest in 2003 to evaluate the sterility effects on carbon fixation 
ratio for paddy 

 

Table 2: Correction of Carbon Estimation Errors to Evaluate 
the Sterility Effects on Carbon Fixation Ratio for Paddy 
Rice Using Crop Situation Index (CSI) 

 

 

Table 3: AsiaFlux Proper Sites for Comparison with the 
Present model 

 

Table 4. Japanese CDM experiments for afforestation and 
reforestation 

rice by correcting the estimation error with Crop Situation Index 
(CSI). The results imply that the present method overestimates a 
little on photosynthesis rate resulting in large carbon fixation and 
also has considerably over effects of sterility resulting in small 
carbon fixation. The parameterization of Michaelis-Menten 
constant apc of radiation response function and the temperature 
response functions for low-temperature sterility should be 
improved in next steps. As for the mean CO2 and carbon fixation 
rates in paddy areas for carbon circulation and global warming, 
those values were 25.92 (t CO2/ha) and 5.28 (t/ha) in Japan, 
respectively. The authors consider error factors relating to the 
results mentioned above as follows: 

1. NDVI maximum value composite (MVC) of NDVI is 
some-times covered by cloud effects.  

2. Yield values vary considerably in a prefecture despite al-
most the same weather condition.  

3. Resolution scale 1 km2 of our model is deferent from that 
around 500 km2 of average yield. The average NDVI in 
same area is desirable for the validation by the 
comparison with carbon partitioning in grain plants in 
actual fields.  

4. Harvest index vary widely depending on species, soil 
fertili-ty and early harvesting for good taste.  

5. Yield data are not reliable due to statistical difficulties in 
large developing countries.  

6. Yield definition could be different, that is dry weight, 
grain only, especially on the case of maize. 

Authors consider applying the present model to other test sites in 
Australia for wheat and maize sites in central U.S.A., so that they 
can adjust model parameters to fit the yield data. Carbon flux data 
by AsiaFlux observation network selected in Table 3 will be useful 
for validation of this model. However, the observed tower-data 
include CO2 absorption and emission from carbon soil storage. The 
AsiaFlux data must be revised to extract CO2 fixed by the 
photosynthesis phenomena using ver-tical flux distribution of 
ecosystem data. Simultaneously, forest afforestation and 
reforestation projects can provide data to vali-date the 
photosynthesis rate in forests. The authors intend to support 
certification procedures for clean development mechan-ism (CDM) 
projects (Table 4) using the present photosynthesis model. 
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CONCLUSION 

Authors’research system supplies evaluation of carbon fixation by 
vegetation and photosynthesis-based operational monitoring of 
grain yields from early stages of crop growth to the harvest period 
in Asia. The authors described photosynthesis and ste-rility model, 
which incorporate data related to solar radiation, air temperature, 
and NDVI by assimilating meteorological and environmental 
satellite data. The system is also applicable to important fields of 
monitoring desertification in Asia and CDM afforestation & 
reforestation. The partitioning of fixed CO2 into rice, straw and root 
portions of plant biomass weight was com-puted and the 
photosynthesis model was evaluated by carbon weights included in 
provincial rice productions. The proposed method overestimates a 
little on photosynthesis rate and also has considerably over effects 
of sterility. The parameterization of radiation response function and 
the temperature response functions for low-temperature sterility 
should be improved for operating system. As for the mean CO2 and 
carbon fixation rates in paddy areas, those values were 25.92 (t 
CO2/ha) and 5.28 (t/ha) in Japan, respectively. The method is based 
on rou-tinely collected observation and prediction data, allowing 
oper-ational monitoring of crop production at arbitrarily chosen 
sites. 
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ABSTRACT: 
 
Rice is one of the key food grains linked to the food security of the growing population of the world. India has largest rice area in the world 
and stands second in production. The rice crop is important both from the food security and climate change point of view. The present 
paper highlights rice-growing pattern in India derived using satellite remote sensing and Geographic Information System. Multidate SPOT 
VGT 10-day composite normalised difference vegetation index data is used along with RADARSAT SAR and IRS WiFS data to map the 
rice area and generate seasonal rice cropping pattern and crop calendar. The spectral growth profiles of rice crop clusters were modeled to 
derive spatial patterns crop rice calendar. The results showed that there are two major rice cropping pattern; wet season and dry season. The 
wet season rice calendar varied significantly. The transplantation starts as early as mid April in Jammu. The transplantation in main land 
India starts from Punjab by end of May and progresses towards eastern states. Out of 43 Mha of total rice lands, wet season occupied 88.8 
per cent. Comparatively, less variation of rice transplantation observed during dry season. The average crop duration of wet rice crop was 
more than dry season rice by 17 days. The prominent states growing dry season crop are West Bengal, Andhra Pradesh and Orissa. 
Rotation wise, rice- rice rotation accounted for 7.97 percent of the total rice area, mainly found in West Bengal, Andhra Pradesh, 
Tamilnadu and Orissa. West Bengal state has nearly 31.7 percent area under rice-rice rotations. This is the first time that a spatial data base 
of rice cropping pattern and crop calendar of India is generated, which will serve as baseline data for relevant simulation studies on climate 
change and green house gas emission. 
 
 

                                                                 
∗ krmanjunath@sac.isro.gov.in 

1. INTRODUCTION 

Rice is one of the key food grains linked to the food security of the 
growing population of the world. India has largest rice area in the 
world and stands second in production. The system is also more 
vulnerable in the context of climate change. In addition Rice 
cultivation has been accredited as one of the most important source 
of anthropogenic methane with estimates of annual emission 
ranging between 47 and 60 Tg/yr, representing 8.5-10.9 percent of 
total emission from all sources. (Crutzen, 1995 and Houghton et al, 
1995). Rice is a dominant agricultural system in India and Asia and 
holds the key to sustaining the food security of the most populated 
belt of the world. The importance of rice crop and its vulnerability 
in the context of climate change becomes relevant only with 
reliable national level spatial database for monitoring, mitigation 
and modeling purposes. The issue with Indian rice systems is the 
diversity in geographical distribution pattern and crop calendar. A 
significant feature of the last two decades is the application of new 
technologies for effective land management. The lacuna in 
acceptable spatial information can be filled with the availability of 
multi temporal satellite based remote sensing techniques. Remote 
sensing data offers a wide spectrum of ground resolution that is 
ideally suited for various scales of mapping. GIS is a computer-
assisted system for the capture, storage, retrieval, analysis and 
display of spatial and non-spatial data. Multi-temporal satellite data 
is the only feasible source of monitoring large agricultural units to 
create a spatial database of the variant components of the existing 
agro-ecosystem. Studies carried out within the country and 

elsewhere have demonstrated that multispectral remotely sensed 
data could be used effectively to identify major crops and to 
determine their area of extent (Manjunath et al, 2000, Dadhwal et 
al, 2002). 

Various aspects of rice crop mapping, monitoring and modelling 
using remote sensing data is widely reported from many countries 
(Geiser and Sommer, 1984, Panigrahy et al., 1992, Kurosu, 1995, 
Ribbes 1999, Chakraborty et al. 1993). Similarly, multidate, 
multiyear data can be used to derive the seasonal pattern of rice 
(autumn, winter, summer crops), crop rotation etc. (Panigrahy et 
al., 2003). In addition, all these information are derived in spatial 
scale and are amenable to mapping at different scales. The derived 
outputs like these forms the significant input to climate change 
studies. The launch of Indian Remote Sensing (IRS) series of 
satellites has ensured a steady supply of RS data of various spatial, 
spectral and temporal resolutions to the users. Of late, SPOT 
vegetation (VGT) has been found very useful to study the 
dynamics of agricultural system at regional level. The spot 
vegetation (VGT) has a similar temporal resolution and nadir 
spatial resolution as AVHRR, but it shows significantly better 
performance with regard to geometric fidelity, radiometric 
calibration, multi-temporal registration, and absolute geolocation 
(Saint, 1996; Stroppiana et al., 2002; Zhang et al, 2003). With the 
availability of microwave SAR data from ERS and Radarsat SAR, 
another dimension to crop information is added (Panigrahy et al., 
1999). 
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Microwave sensors can penetrate cloud, fog, rain and darkness 
enabling data acquisition whenever required, thus, is perceived as a 
suitable alternative for rice crop monitoring. The use of radar for 
rice monitoring has gained momentum in recent years with the 
launch of C-band (5.4 GHz) satellites like ERS-1, 2, and 
RADARSAT-1, which provide Synthetic Aperture Radar (SAR) 
data. Many studies were conducted which highlighted the unique 
temporal backscatter of wetland rice fields in many parts of Asia 
(ESA, 1995, Kurosu, 1995, Ribbes 1999, Liew, 1998, Panigrahy et 
al.,1999, 2000, and Le Toan, 1997). The management practice of 
growing wetland rice in flooded fields gives a unique temporal 
signature in C band data. Multidate data acquired during the 
growth period of a crop can be effectively used to derive the crop 
calendar, progress of sowing and harvesting. Chakraborty et al. 
(2000) used calibrated temporal SAR data to characterize the 
normal growth profiles of rice grown in a rainfed region in India. 
The SPOT VGT and NOAA AVHRR sensors offer high temporal 
data which aids in capturing the spatio-temporal dynamics of 
vegetation through modeling. Rice is the major wet season crop in 
India and there are many double and triple cropped areas also 
which account for around 44.5 Mha (DRR, 2002). The average 
Indian rice area of year 2002 to 2006 was 42.91 Mha (standard 
deviation of 1.69 Mha) with 39.09 (91.1%) and 3.82 (8.9%) Mha 
during kharif and rabi seasons, respectively. The present paper 
highlights technique and results of remote sensing based seasonal 
rice-growing pattern and diversity in rice calendar in India. 

2. MATERIAL AND METHODS 

2.1 Study area and data used 

The rice crop is grown in all most all parts of the country. The 
study area encompassed the entire rice growing regions of the 
country. Multi source multi-temporal satellite data was used in the 
study. The methodology involved the use of RS data for deriving 
rice crop area and characterizing rice crop phenology. The 
collateral data has been used for assigning RS derived pixels to 
respective rice categories. Seasonal rice maps, rice transplantation 
maps and rice crop dynamics were derived using following satellite 
data: 

1. Multidate SPOT 4 VEGETATION S10 NDVI 
composites (April 2001-May 2002) 

2. Multidate Radarsat ScanSAR Narrow Beam (SN2) (C-
band, HH-polarisation, 50m resolution, 300 km swath) 
for kharif 2005-06. 

3. Indian Remote Sensing (IRS) Wide Field Sensor (WiFS) 
data of rabi 2005-06 

SPOT VGT: The Vegetation optical instrument, a wide field of 
view sensor on board of the SPOT-4 earth observation satellite 
launched in March 1998, operates in 4 spectral bands: Blue (0.43-
0.47), mainly to perform atmospheric corrections. Red (0.61-0.68) 
and Near Infrared (NIR) (0.78-0.89) are sensitive to the 
vegetation's photosynthetic activity and cell structure respectively 
whereas Short Wave Infrared (SWIR) (1.58-1.75) is sensitive to 
soil and vegetation moisture content. Its 1 km spatial resolution is 
nearly constant across the whole 2,250 km corridor it covers, which 
means that there is almost no distortion on image edges. Two main 
products are offered, both geometrically and radiometrically 
corrected and projected in a standard or user-defined cartographic 

projection. Primary products that represents extract of a segment 
along a single orbit, mainly for scientific use. Since they are not 
atmospherically corrected their values correspond to reflectance at 
the Top of the Atmosphere -TOA - (at the moment of acquisition). 
The data were downloaded from the SPOT free website 
www.free.vgt.vito.be. Data consist of daily synthesis from ten 
consecutive days. Each 10-day composite data consists of scaled 
Normalized Difference Vegetation Index (NDVI). The 
methodology used for rice crop discrimination has been described 
by Manjunath et al, 2006. 

Synthetic Aperture Radar data was used for the Kharif season (July 
to October) as it has the imaging capability under cloud cover. 
Canadian satellite Radarsat SAR provides data at C band (5.3 GHz) 
HH polarization. Radarsat ScanSAR Narrow beam data (SN2) with 
50 m resolution, swath of 300 km and 310-460 incidence angle is 
now operationally used to monitor kharif rice in India under 
another national project (FASAL: Forecasting Agricultural output 
using Space, Agrometeorolgy and Land based observations). Thus, 
the same data was used to map the rice area of the sampling states 
(WB, UP, Punjab, Haryana, Bihar, Jharkahnd, Assam, Madhya 
Pradesh, Chattisgarh, Karnataka, Tamilnadu, Andhra Pradesh and 
Jammu and Kashmir) during 2005-6 season for spatial flux pattern 
generation. Three date data with 24 day repeat cycle was used. The 
methodology described by Chakraborty and Panigrahy, 2000 was 
used for discrimination of rice pixels using SAR data. Fig. 1a 
shows a typical three date color composite of SAR data example 
(covering West Bengal state). 

The IRS 1C/1D WiFS data was used for deriving the rabi (2005-6) 
rice crop maps of West Bengal, Orissa, Assam, Bihar, Andhra 
Pradesh, Karnataka and Tamilnadu. The sensor provides 188 m 
spatial resolution data in Red and NIR bands with 750 Km swath. 
The large swath data is conducive for state level mapping. A 
supervised classification with maximum likelihood classification 
scheme was used for deriving rice maps. Fig. 1b shows the typical 
WiFS FCC (showing WB state coverage). Finally a wet season and 
dry season rice maps of India was generated. 

 

Figure 1a. The three date Radarsat ScanSAR FCC 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

264 

 

Figure 1b. The IRS-1C WiFS FCC 

2.2 Generation of Seasonal Rice Maps 

2.2.1 All India seasonal rice map: There are two major rice 
growing seasons in India. The main one is the wet season called 
kharif and the second one is dry season or rabi. Kharif season 
extends from May to November and Rabi season from January to 
April. To account for all the rice lands and carry out stratification, 
it is thus essential to create seasonal rice maps of the country. The 
seasonal rice map of India was generated using multidate SPOT S 
10 NDVI product. Temporal S10 data were georeferenced using 
the Lambert conformal conic (LCC) projection and Everest (earth 
model) referencing scheme and co-registered. The country and 
state boundaries were overlaid. Further analysis was carried out 
within the mainland area of India. The cloud cover contaminated 
data were excluded as per the methodology suggested by Narendra 
and Fukunaga, (1977), which resulted in an average of 25-28 dates 
for different states. Classification of S-10 data was carried out 
using a two-step approach (Manjunath et al, 2006). A decision rule 
classifier was used to exclude forest, settlements and water bodies. 

The rest of the area outside this mask was treated as potential 
agricultural area. Further classification was carried out within this 
mask. Data from May to November were used to derive the wet 
season rice known as kharif that is grown in almost all the states. 
Data from November to May were used to derive dry season rice, 

confined to a few states. The Iterative Self-Organizing Data 
Analysis Technique (ISODATA) (Tao and Gonzalez, 1974) was 
used to classify temporal S -10 data. In general 20 classes and 15 
iterations were used. The rice classes were assigned based on 
ground truth data. Correctly classified classes were masked and a 
second unsupervised classification (ISODATA) was performed for 
the remaining area until no further increase in class separability 
was achieved. Six to eight locations for each state were used to 
check for the correctness of the classification using ground data. A 
similar approach has been used for land cover mapping using VGT 
data (Ledwith, 2004). The seasonal rice maps thus derived were 
superimposed to derive an integrated rice map (shown as kharif, 
rabi and both). 

2.2.1.1 Kharif rice area map of 2005-6: ScanSAR data were used 
to generate the kharif rice map for the study states viz. J&K, 
Punjab, Haryana, UP, Bihar, WB, Assam, Orissa, MP, 
Chattishgarh, AP, Karnataka and Tamilnadu. Three date data 
acquired with 24 day gaps were used for this. The mapping was 
based on hierarchical classification based on decision rules as 
followed in the National Rice Production Forecasting of FASAL 
project (Chakraborty and Panigrahy, 2000). 

2.2.1.2 Rabi rice map of 2005-6: This was generated using single 
date IRS WiFS data for the major rabi rice growing states of 
Orissa, WB, AP and Karnataka. A two-step classification of 
unsupervised to delineate non-agriculture classes followed by 
supervised classification to delineate rabi rice area was followed. 
Ground truth data for classification was used from other available 
project work and reports/maps. 

2.3 Rice Crop Calendar/Phenology 

It is essential to have the crop calendar in terms of planting and 
maturing, important growth stages etc for a variety of applications. 
India has a high diversity in rice crop calendar. Though some data 
is available in this regard, hardly there exists any spatial (map 
format) database. In the present study, this information was derived 
using the remote sensing data. Since, high temporal data is essential 
for such study, the SOPT VGT data was used for this purpose. The 
canopy reflectance in the red spectral region decreases due to 
increased chlorophyll absorption; whereas it increases in the near 
IR (NIR) owing to an increase in spongy mesophyll structures with 
advancement in crop growth stage. The vegetation index, NDVI 
derived by normalized differencing of the visible and NIR radiance 
is a strong indicator of the total green biomass at any given time. 
Thus, the temporal data from beginning to end of growing season 
can be modeled to derive various plant growth parameters like crop 
emergence, peak growth etc (Badhwar 1985 and Crist and Malila, 
1980). In the present study the crop growth equation given by 
Badhwar (1985) is used to derive the growth parameters as below: 

(t ≥ t0) = G0(t0)(t/t0)
αExp[-ß(t²-t0²) and G(t < t0) = G0 

where G(t) is a quantity measuring green biomass at time t, t0 is 
spectral emergence date, G0, α and ß are growth parameters. 
Following Boatwright et al. (1988), the NDVI representation is 
used to fit the above growth equation. The Badhwar (1985) growth 
profile model equation is non-linear in the parameters and needs to 
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be non-linear least square fit. The parameters G0, α and ß can be 
retrieved by inverse transformation of equation. The time of 
attainment of maximum vegetative cover, tmax is related to α and β 
by tmax=( α/2ß)1/2. The SPSS v15.0, mathematical software was 
used for fitting the equation and deriving the parameters for major 
clusters of rice crop within each state. The spectral profiles of the 
selected rice classes were plotted for each state. The Julian days on 
which the spectral emergence peaks and maturity occurs were 
marked from the characteristic pattern of spectral values. Based on 
this the planting period, duration of growth and maturity periods 
was determined. 

3. RESULTS AND DISCUSSION 

3.1 Seasonal Rice Maps 

The state-wise wet and dry season rice area derived using remote 
sensing data is presented in table 1 and Fig. 2. The total rice area 
obtained was 43.099 Mha. The wet season rice area was 38.529 
Mha while the dry season rice area was 4.82 Mha. Though, 
conventionally, wet season ends by November, the main rice crop 
of Tamilnadu (known as Samba crop) that has shifted crop calendar 
(October –January) is shown as Kharif crop (Fig 2). The 
comparison of remote sensing (RS) and reported estimates of rice 
area for corresponding year showed that RS estimates were higher 
by 0.92%. However higher deviations were observed at state level. 

 Wet Season Dry Season Total 

STATE Area 
Percentage 

to wet season Area 
Percentage 

to Dry season Area 
Percentage 

to Total 
AP 3,447.3 8.95 1,174.7 25.70 4,622.0 10.72 
ASSAM 2,024.4 5.25 116.6 2.55 2,141.1 4.97 
BIHAR 4,159.5 10.80 405.8 8.88 4,565.3 10.59 
GUJ 691.6 1.79   691.5 1.60 
HAR 763.4 1.98   763.4 1.77 
HP 284.7 0.74   284.7 0.66 
J&K 376.6 0.98   376.6 0.87 
KAR 1,172.5 3.04 484.0 10.59 1,656.5 3.84 
KER 337.6 0.88 391.6 8.57 729.2 1.69 
MH 1,919.8 4.98   1,919.7 4.45 
MP 5,337.7 13.85   5,337.7 12.38 
ORISSA 3,603.2 9.35 122.5 2.68 3,725.6 8.64 
PUNJAB 2,112.0 5.48   2,111.0 4.90 
RAJ 183.0 0.48   183.0 0.42 
TN 1,511.3 3.90 255.3 5.30 1,766.6 4.10 
UP 5,536.2 14.37   5,536.2 12.85 
WB 4,490.4 11.65 1,875.2 41.03 6,365.6 14.77 
NE STATES 322.4 0.84   322.4 0.75 
TOTAL 38,529.0  88.80 (Wet) 4,825.7 11.20 (Dry) 43,099.3    

Table 1: Rice Area Derived Using Remote Sensing data (Thousandha) 

3.2 Rice Crop Phenology 

The spectral growth profile of rice crop modeled (Badhwar et al, 
1985) using temporal SPOT VGT data is presented in fig. 3. The 
profile parameters are presented in table 2. A wide diversity with 
respect to paddy transplantation was observed during the wet 
season. The transplantation starts as early as mid April in Jammu 
and Kashmir with rise in temperature and availability of water 
through melting of ice. The transplantation in main land India starts 
from Punjab by end of May and progresses towards eastern states. 
The planting ends in Tamilnadu where the crop is transplanted 
during middle of September. The major reason for such high 
diversity during the wet season is the diversity in rainfall onset and 
distribution. Small variation of rice transplantation observed during 
dry season is attributed to the availability of irrigable water and 
land availability (after the kharif crop). 

 

WET 
DRY 
BOTH 

 

Figure 2. The Rice Map of India Derived Using Satellite Data 
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DRY SEASON 
State Tmax (JD) G0 T0 (JD) ALPHA BETA 

AP 411 0.374 338 19.07 5.6E-05 
KAR 426 0.300 350 25.77 7.1E-05 
BIHAR 405 0.363 350 30.00 9.1E-05 
WB 429 0.313 363 30.00 8.2E-05 
ORISSA 435 0.282 373 30.00 7.9E-05 
ASSAM 437 0.325 374 38.16 1.0E-04 

WET SEASON 
AP 276 0.100 182 15.82 1.0E-04 
ASSAM 255 0.187 172 10.86 8.4E-05 
BIHAR 272 0.103 181 16.99 1.2E-04 
HARYANA 235 0.203 156 9.90 9.0E-05 
JK 203 0.258 119 5.13 6.2E-05 
KAR 286 0.189 187 8.69 5.3E-05 
MP 267 0.143 177 13.16 9.2E-05 
ORISSA 263 0.069 152 11.46 8.3E-05 
PUNJAB 225 0.250 150 8.76 8.6E-05 
UP 248 0.235 155 6.63 5.4E-05 
TN 354 0.289 291 30.00 1.2E-04 
WB 278 0.160 192 15.12 9.8E-05 

Table 2: The profile Parameters of Major Rice Clusters 

 

Figure 3. The rice crop - growth profile curve derived using 
multi-temporal SPOT VGT data (K-Kharif, R-Rabi) 

The table 3a and 3b shows the date of transplantation (DAT), date 
of maximum crop cover (Tmax) and crop maturation (Maturity) 
derived from the rice-spectral-profile.  

Wet Season DAT Tmax Maturity 
AP 30-Jun 2-Oct 21-Nov 
ASSAM 20-Jun 10-Sep 30-Oct 
BIHAR 29-Jun 27-Sep 16-Nov 
HARYANA 3-Jun 21-Aug 10-Oct 
JK 27-Apr 20-Jul 8-Sep 
KAR 4-Jul 6-Oct 25-Nov 
MP 25-Jun 23-Sep 12-Nov 
ORISSA 10-Jul 19-Sep 8-Nov 
PUNJAB 29-May 12-Aug 1-Oct 
UP 2-Jun 4-Sep 24-Oct 
TN 16-Oct 18-Dec 6-Feb 
WB 10-Jul 3-Oct 22-Nov 

Average (India) 27-Jun 18-Sep 7-Nov 

Table 3a: The Wet Season Rice Crop Calendar of India Derived 
Using Satellite Data 

Dry Season DAT Tmax Maturity 
AP 3-Dec 14-Feb 5-Apr 
KAR 15-Dec 1-Mar 20-Apr 
BIHAR 15-Dec 8-Feb 30-Mar 
WB 27-Dec 3-Mar 22-Apr 
ORISSA 7-Jan 10-Mar 29-Apr 
ASSAM 7-Jan 11-Mar 30-Apr 
Average (India) 23-Dec 26-Feb 17-Apr 

Table 3b: The Dry Season Rice Calendar of India Derived Using 
Satellite Data 

The transplantation date information was used for rice clusters and 
a rice transplantation image was generated (Fig. 4). It is clear from 
the table 3 that the average crop duration is 116 days during dry 
season and about 133 days during wet season. The day of spectral 
vegetation period during the dry season was 66 after transplantation 
while it is 83 days during wet season. The third week of June is the 
average day of sowing during wet season and peak growth is 
achieved by 18th September and generally crop matures by first 
week of November. 

 

Figure 4. The rice Transplantation Image Derived Using RS Data 
(Wet Season) 

CONCLUSION 

The rice-system is vulnerable in the context of climate change apart 
from being accredited as major source of anthropogenic methane 
emission. The current remote sensing study has resulted in 
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generation of seasonal rice maps and rice crop dynamics. The 
initial results using the 10-day composite of SPOT VGT data has 
given promising results. Multidate SPOT VGT 10-day composite 
normalised difference vegetation index data is used along with 
RADARSAT SAR and IRS WiFS data to map the rice area and 
generate seasonal rice cropping pattern and crop calendar. The 
results showed that there are two major rice cropping pattern; wet 
season and dry season. The wet season rice calendar varied 
significantly while less variation was observed during dry season 
Out of 43 Mha of total rice lands, wet season occupied 88.8 per 
cent. The average crop duration of wet rice crop was more than dry 
season rice by 17 days. 

The rice crop is the major food crop of India now with about 44 
million ha under cultivation. With the availability of the hybrid 
short duration, photoperiod insensitive varieties, the crop is now 
cultivated all the year round at some part or other in the country 
and thus, the crop calendar vary widely even with in a state. Thus, 
deriving the rice cropping pattern require very high temporal 
resolution data. The high temporal SPOT VGT data was able to 
capture the dynamics of rice planting that varied widely both in the 
wet and dry season. While a complete quality assessment in terms 
of crop calendar has yet to be done, the results indicate the 
potential of the data to study state and region level crop dynamics, 
cropping pattern and crop rotation. The spatial data base of rice 
cropping pattern and crop calendar of India has been generated, 
which will serve as baseline data for relevant simulation studies on 
climate change and green house gas emission. 
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ABSTRACT:  
 
The rice land is linked to the climate change due to its methane emission potential. The systems of growing rice and associated soil and 
crop management practices that have evolved are varied and complex. However, from the methane emission point of view, water regime is 
a crucial parameter. According to IPCC guidelines the rice ecosystem need to be categorized into four strata for methane emission study.  
Ancillary data on rainfall, elevation, soil, command area/ irrigation statistics were used with remote sensing derived rice maps in GIS to 
categorise the rice lands into four strata as: irrigated, rain fed flood prone and rain fed drought prone and others.  In-situ weekly 
measurements of methane emission from the representative ecosystems was collected and analysed using gas chromatography following 
the IPCC standards for three consecutive years; 2003, 2004 and 2005. This paper highlights the results of the study carried out to stratify 
the rice lands of India into different strata and methane emission pattern observed using in-situ measurements. Results showed that the 
major stratum emerged as the rainfed drought prone with 42.8 per cent of total rice lands (wet season) and found in many states. Rainfed 
flood prone accounted for around 9.6 per cent, mainly found in Assam, Bihar, WB, Orissa, AP. Irrigated stratum occupied 38.8 per cent 
during wet season. The irrigated intermittent category was prevalent in the northwestern regions in about 8.8 per cent of the area. The CH4 
emission pattern of irrigated crop in dry season showed a steady increase in the beginning which peaks during flowering stage, decreasing 
gradually there after. The results were consistent for different varieties and across the years. The emission pattern of irrigated wet season 
crop showed two peaks. The emission pattern also showed the influence of crop variety as well as year (of observation).  
 
 

1. INTRODUCTION 

The rice land is linked to the climate change due to its methane 
emission potential. Rice cultivation has been accredited as one of 
the most important source of anthropogenic methane, a greenhouse 
gas with estimates of annual emission ranging between 29 and 61 
Tg/yr, representing 8.5-10.9 percent of total emission from all 
sources. (Crutzen, 1995 and Houghton et al, 1995, IPCC, 2002). 
Rice ecology plays a significant role in methane emission. The 
systems of growing rice and associated soil and crop management 
practices that have evolved are varied and complex. The term rice 
ecology is introduced from the environmental conditions in which 
rice is grown. At the global level, rice ecologies have been 
classified into two broad categories: Irrigated and fragile.  Out of 
155 m ha of the rice grown in the world, around 58% (93 m ha) is 
irrigated, however, these contribute to 75% of the total rice 
production. In India, irrigated rice constitutes only 48% of the area 
while other ecologies account for the rest (rainfed lowland -29%, 
uplands-14%, deepwater-7%, and coastal wetlands-2%).  The rice 
ecology and methane emission has direct relationship through to 
flooding periods, intensity and duration. However, no systematic 
data on rice ecology exists especially in spatial form. The 
differences in crop calendars, season lengths, cultural practices, 
diverse cultivars, manure addition, organic matter decomposition, 
weather and many other factors impede direct comparisons of 
methane emissions from different rice ecologies. 

The anaerobic condition and duration has a direct relationship with 
methane emission. With the intensification of rice cultivation to 
meet the increased global demand, CH4 emission from this 
important ecosystem is anticipated to increase. India and China are 
thought to be the major contributors to global CH4 budget because 
of their large areas under paddy cultivation. It has been estimated 
that global rice production must almost double by the year 2020 in 
order to meet the growing demand (Hossain, 1997) and this may 
increase CH4 fluxes (Bouwman, 1991) by up to 50%. With the 
understanding that rice paddies are a major source of atmospheric 
CH4 and N2O, there is a need for careful evaluation of the source 
strength of this ecosystem, and of the influence of soil, water and 
crop management practices on both grain yield and GHG fluxes. A 
major challenge in meeting this objective lies in reducing the large 
uncertainties associated with regional and global level estimates of 
GHG emissions (IRRI, 2000). 

India is a Party to the UNFCCC- a multilateral treaty (UNFCCC, 
1992). UNFCCC entered into force on 21st March 1994 and as per 
this a national inventory of anthropogenic emissions by sources 
and removals by sinks of all GHGs must be generated using 
comparable methodologies. IPCC guidelines (IPCC, 1996) 
emphasize the need to improve transparency, consistency, 
comparability, completeness and accuracy in inventories. Methane 
emission from agriculture is still considered to be associated with 
high uncertainty as per IPCC Third Assessment Report. The 
UNFCCC has made it mandatory for nations to communicate their 
GHG inventories (CH4, N2O and CO2) according to IPCC 
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methodology. The basic requirements for national inventory is the 
generation seasonal of rice crop maps, rice calendar, rice (ecology) 
strata maps and strata-wise emission details. 

There are large spatial and temporal variations of methane fluxes 
due to varying water regime, soil type and texture, organic 
amendments and application of fertilizers, varieties, soil organic 
carbon, cultivation practices etc (Neue and Sass, 1994, Gupta and 
Mitra, 1999). Soils have important influences on the production, 
oxidation, accumulation of, and emissions of CH4 (Kumaraswamy 
et al, 2000). Incorporation of green manure in the form of Azolla 
led to reduction in methane emission (Bharati et al, 2000). The 
methane emission measurement using automatic measurement 
systems (closed chamber method) at Cuttack rice fields were 
studied to test the impact of water regime, organic amendment, 
inorganic amendment and rice cultivars (Adhya et al, 2000).  The 
methane emission during the wet season 1996 was 42 CH4 kg ha-1. 
The intermittent irrigation reduced the emissions by 15 % as 
compared to continuous flooding with 20 to 44 CH4 kg ha-1. The 
emission from rainfed ecosystem was 32 kg CH4 ha-1 yr-1. The non-
flooded conditions exhibited a single peak at vegetative stage, 
flooded conditions showed additional peak at reproductive stage 
(Bharati et al, 2001) thus emphasizing the necessity of a systematic 
investigation of CH4 flux from a variety of rice ecologies. 

Remote sensing data offers a wide spectrum of ground resolution 
that is ideally suited for various scales of mapping. Multi-temporal 
satellite data is the only feasible source of monitoring large 
agricultural units to create a spatial database of the various 
components of the existing agro-ecosystem. Studies carried out 
within the country and elsewhere have demonstrated that 
multispectral remotely sensed data could be used effectively to 
identify major crops and to determine their area of extent 
(Manjunath et al, 2000, Dadhwal et al, 2002).  The remote sensing 
data aids in deriving spatial information of rice crop distribution 
(Xiao et al, 2006) and crop dynamics. This in conjugation with 
collateral data on methane emission controlling factors is useful for 
deriving rice strata for methane sampling in GIS environment.  

The current paper is aimed at development of techniques of 
stratification of riceland  using remote sensing and collateral data 
into IPCC compliance categories and collection of in-situ methane 
samples for understanding the methane emission pattern across the 
diverse rice ecologies of India. 

2. MATERIAL AND METHODS 

2.1 Study Area and Data Used 

The rice crop is grown in all most all parts of the country. The 
average rice area in the country is around 44 Mha. The study area 
encompassed entire country excluding Sikkim, Tripura, Nagaland, 
Manipur, Arunachal Pradesh, Mizoram, Meghalaya and Islands. 
The states selected for methane sampling were Andhra Pradesh, 
Assam, Bihar, Haryana, Jammu & Kashmir, Karnataka, Madhya 
Pradesh, Orissa, Punjab, Tamil Nadu, West Bengal and Uttar 
Pradesh which account for 82 % of the total rice area. 

The multidate SPOT 4 VEGETATION S10 NDVI composites 
(April 2001-May 2002) and IRS 1C/1D WiFS 2002 were used for 
deriving the seasonal rice maps of the study region. The elevation 
data available on USGS 2002 GTOPO30 website 

(http://edc.usgs.gov//products/elevation/gtopo30/) has been used as 
the source for DEM (1 km grid developed from 300 m contour 
interval which has accuracy of 18 m rmse). The IMD rainfall data 
of 30 years from 188 meteorological stations was used to generate 
monthly normal rainfall maps. The irrigation atlas of India (Survey 
of India-SOI) was used to generate command area map. The source 
of soil map was SOI (SOI, 1978) at 1:6 M scale. Administrative 
boundaries (states and district) of Survey of India at 1:2.5 M scale 
(SOI) maps were used. Archive statistics of rice crop area and 
district level irrigation source were taken from Department of 
Agriculture (Govt. of India), Directorate of Economics and 
Statistics of concerned states. Ground truth data for classification of 
satellite images for rice area mapping was taken from other on-
going projects (FASAL, Cropping system analysis). 

2.2 Methodology 

The methodology for deriving seasonal rice maps using multidate 
remote sensing data and stratification has been described in detail 
by Manjunath and Panigrahy, 2009 (this workshop) and Manjunath 
et al. 2006. 

2.2.1 Stratification of Rice lands: As per the IPCC (1996) 
guidelines, it is desirable to classify rice area into strata and sub 
strata such as Irrigated, rainfed, deep water and other. For the 
present study we have categorized the rice lands into 5 categories 
as irrigated (continuous flooding), irrigated (intermittent flooded–
multiple aeration), rainfed low land (flood prone), rainfed lowland 
(drought prone) and others (uplands). The first four were used for 
methane study as uplands have little or no contribution to methane 
emission. Delineation of deep-water stratum was not feasible. 
Stratification of the rice lands was carried out using the maps of 
rice area (Manjunath and Panigrahy, 2009, This workshop), 
rainfall, elevation and irrigation. All the maps were co-registered at 
same pixel size (1 km X 1 km), projection and coded for spatial 
logical analysis. The logical decision rules were applied to derive 
the strata. The rice strata map was also generated at 1 km X 1 km 
grid size. 

2.2.1.1 Irrigated rice: A two-step approach has been used to 
delineate the wet season irrigated area. In the first step, rice area 
within the command area boundary was considered as irrigated. In 
the second step, statistical data on district level rice irrigation 
statistics was used to include districts that use other source of 
irrigation (well, tank). The above categories were merged to obtain 
the area under wet season irrigation. Rice crop in dry season in 
India are grown under either canal or ground water irrigation. 
Hence, total dry season rice lands have been considered as 
irrigated. 

The irrigated strata were further categorized as: 

 Irrigated (intermittent flooded - multiple aeration): Areas 
in the non-traditional rice belt where rice is grown in 
sandy/loam soil and high isolation are categorized under 
this (Punjab, Haryana, Rajasthan and Gujarat.  

 Irrigated (continuous flooding): In this substratum, all 
the other irrigated area (mainly belonging to the 
traditional rice states) is included.  
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2.2.1.2 Rainfed rice: All rice areas excluding the irrigated area 
have been considered as rain fed. The following sub-categories 
were made:  

 Low land (flood prone): Areas below 50 meter elevation 
receiving more than 1000 mm rainfall and more than 
200 mm in three consecutive wet season months. 

 Low land (drought prone): Areas receiving 800-1000 
mm rainfall and lying in elevation range below 200 
meter. 

 Upland: Rest of the area was treated as Upland or 
categories not significant for methane emission. 

2.3 In-Situ - Methane Sampling  

In the present study; a stratified random sampling was used. 
Different sampling plan was made for wet season (kharif) rice and 
dry season (rabi/summer) rice. Thus, there are total five strata in 
kharif and only one (irrigated continuous flooding) in dry season. 
Since the stratum was large and more variable the sample size ‘n’ 
was determined for a given precision (var(emission)) and bound on 
the error of estimation assuming cost of sampling to be the same 
(Manjunath et al, 2008). The final selected sample works out 
approximately to about one per lakh ha. For computation of the 
sample size probability proportional to sampling method was used.  

Field techniques for measuring CH4 flux can be done using open 
and closed chambers. For reasons of cost and practicability, closed 
chamber techniques, also known as static chamber are almost 
universally employed (Hutchinson and Livingston, 1993). In the 
present study, the closed chamber technique (fig. 1) based on 
International Atomic Energy Agency (IAEA) protocol (IAEA-
TECDOC-674, 1992) that has been subsequently modified by 
Adhya et al. (1994). The procedure of methane sampling from 
closed chamber involves covering of the crop canopy for a desired 
time period and measuring the subsequent increase in headspace 
concentration of CH4 that is expected to be linear over time. 

 

Figure 1. The Schematic Diagram Showing the Field Assembly 
of Methane Sampling Procedure 

 
Since the sampling size was very large and time of sampling 
overlaps in many of the area there was logistical and practical 

difficulty in availability and procurement of large number of pulse 
pumps. Hence an indigenous system of air circulation was 
designed and developed. The chambers were fitted with two 3” 
fans operated by 12V battery for air circulation.  The air samples 
collected by this method was compared and calibrated with that 
obtained by pulse pump method for validation. The comparison 
study made between the pulse pump and fan fitted samples 
collected indicated that the results are comparable and there was no 
significant difference between the two. 

Methane emission varies significantly during the crop growth 
period. Ideally, a continuous measurement is used for 
understanding purpose. However, for very large area studies, 
generally a temporal sampling plan is used as discussed by 
Buendia et al, 1998. In the present study, in-situ methane emission 
from the fields was recorded three times during the crop growth 
period. The first measurement coincided with early vegetative 
stage (around 20 DOP -days of planting), second with peak 
vegetative stage (50-60 DOP) and third with soft dough stage ( 80-
85 DOP). The methane sampling was carried out in 471 locations 
from 2003-2006. The weekly sampling of methane from rice field 
was also carried out at Central Rice Research Institute, Cuttack, 
Punjab Agricultural University, Ludhiana, Directorate of Rice 
Research, Hyderabad and farmers’ fields at Srinagar, Jammu and 
Kashmir. 

2.4 Analysis of CH4 by Gas Chromatography Technique 

Gas chromatography was used to analyse the CH4 samples 
collected from the fields. For this, a Varian 3600 gas 
chromatograph (or other models) equipped with FID and Porapak 
N column (2 m length, 1/8 inch OD, 80/100 mesh, stainless steel 
column) was used. The injector, column and detector is maintained 
at 80, 70 and 1200C, respectively. The carrier gas (nitrogen) flow 
is maintained at 30 ml. min-1. One ml gas sample is injected into 
the gas chromatograph with a gas-tight syringe. The gas 
chromatograph is calibrated before and after each set of 
measurements using 5.38, 9.03 and 10.8 µl CH4. ml-1 in N2 
(Scotty® II analyzed gases, M/s Altech associates Inc., USA) as 
primary standard and 2.14 µl.ml-1 in air as secondary standard. 
Under these conditions, the retention time of CH4 required is 0.53 
min and the minimum detectable limit is 0.5 µl.ml-1. The methane 
flux was calculated in mg/m2/hr. 

2.5 Seasonal Integrated Flux (SIF) and Deriving Methane 
Coefficients 

The seasonal integrated flux (SIF) was calculated from the three 
observations made during the crop growth period for any given 
location. This was done by integrating the cumulative flux which 
was obtained by multiplying the flux at a given time with the 
average duration between successive observations. As given below: 

SIF=[D1+(D2-D1)/2] X F1+[(D2-D1)/2 +(D3-D2)/2] X F2 +[(D3-D2 
)/2+ (118-D3)] X F3 

where D1, D2 and D3 -the days after transplanting to I, II and III 
flux measurements, respectively. F1, F2 and F3– methane flux 
(Kg/ha/day) at 1st, 2nd and 3rd sampling, respectively. When the 
sampling was more than thrice the above formula was used to 
account for additional sampling periods. The methane co-efficient 
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for each of the strata was derived using SIFs computed from the in-
situ measurements carried out during 2003 to 2006. Total 471 site 
data were used for this. The strata-wise SIFs weighted mean was 
first calculated and then area weighted mean was obtained for a 
strata. Country specific as well as state specific coefficients for all 
the existing rice strata were derived as below: 
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Wc is weighted mean of a specific strat, SIFc is the seasonal 
integrated flux of a specific strata, n is the number of samples and 
N is the total number of samples within that strata. 

3. RESULTS AND DISCUSSION 

3.1 The Stratification of Rice Area 

The state-wise wet and dry season rice area derived using SPOT 
VGT data of 2001-02 was 43.10 Mha. The wet season rice area 
was 38.53 Mha while the dry season rice area was 4.82 Mha. In the 
present study the rice area of India were categorized into four 
major strata for methane study. They are: 

 

 IRR-I; Irrigated (intermittent flooding-multiple aeration) 

 IRR-C: Irrigated (continuous flooding) 

 FP: Rainfed low land-flood prone 

 DP: Rainfed low land – drought prone. 

 

Codes IRR-
C. 

IRR-
I 

FP DP IRR-C 
(Dry 

Season) 

Total 

AP 10.4   6.1 18.0 11.7 46.2 
Assam     2.7 17.5 1.2 21.4 
Bihar 20.2   4.3 17.2 4.1 45.7 
Guj   6.9     6.9 
Har   7.6     7.6 
HP      2.8  2.8 
J&K 3.8       3.8 
Kar 3.6   0.5 7.7 4.8 16.6 
Ker 0.0   0.6 1.5 3.9 6.0 
MH 2.5   1.6 15.1  19.2 
MP 11.4    42.0  53.4 
Orissa 9.7   6.7 19.5 1.2 37.3 
PJB   21.1     21.1 
Raj   1.8     1.8 
TN 16.1   0.4 0.7 0.4 17.5 
UP 28.2    27.1  55.4 
WB 13.3   18.2 13.4 18.8 63.7 
Total 119.1 37.5 41.0 182.5 46.1 426.3 

Table 1: Total Rice Area Under Different Strata for the Major 
Rice Growing States of India Derived Using Remote Sensing 
and GIS (lakh ha) 2001-02 

Deep-water strata could not be derived, though India has some area 
under deep water, especially in Assam, Bihar and West Bengal. 
According to IRRI report (Huke and Huke, 1997), India has 1,364 
thousand ha under deep-water rice. Analysis showed that of the 

total rice area (all season), irrigated rice constitutes about 47.56 per 
cent.  The irrigated rice during the dry season (irrigated-continuous 
flooding) occupied 10.81 per cent. During wet season the irrigated 
(intermittent flooding- multiple aeration) occupied 8.8 per cent and 
found mainly in the Punjab, Haryana, Gujarat and Rajasthan 
(sandy loam soil and high insolation). Irrigated (continuous 
flooding) occupied 27.95 per cent. The state-wise break –up of 
different rice strata in area is presented in table 1, respectively. The 
flood prone rice area is predominant in Bihar, West Bengal, 
Assam, Orissa and Andhra Pradesh states, while the drought prone 
is present in almost all the rain fed states. 

3.2 Evaluation of Rice Strata 

The strata map derived using RS and GIS were evaluated for 
accuracy by field visits in six states. The results are presented in 
table 2. In general an accuracy of 70% accuracy was observed. 
High accuracy of 79% was observed for drought prone category 
compared to 62.5 percent of irrigated category. The low accuracy 
of irrigated category stems from the fact that the crops irrigated 
using bore wells and other minor sources of irrigation which may 
not be owned by the farmer becomes difficult to be categorized as 
irrigated amidst large rain fed regions. A typical example of this is 
Madhya Pradesh and Karnataka states. 

State Details FP DP IR Total 
MP Ref.  11 7 18 
 RS  11 3 14 
 Acc.  100 42.9 77.8 
Assam Ref. 19   19 
 RS 13   13 
 Acc. 68.4   68.4 
Orissa Ref. 26 11 15 52 
 RS 22 6 10 38 
 Acc. 84.6 54.5 66.7 73.1 
WB Ref. 3 8 17 31 
 RS 3 6 11 20 
 Acc. 100.0 75.0 64.7 64.5 
Bihar Ref. 5 3 7 15 
 RS 2 2 5 9 
 Acc. 40 66.7 71.4 60.0 
Kar Ref.  5 10 15 
 RS  5 6 11 
 Acc.  100.0 60.0 73.3 
Total Ref. 53 38 56 150 
  RS 40 30 35 105 
 Acc. 75.5 78.9 62.5 70.0 

Table 2: Accuracy Evaluation of Rice Strata 

3.3 Methane Emission Pattern 

The methane emission data collected at weekly interval was used 
to analyse the SIF. The characteristic pattern of emission of dry 
season crop from CRRI research fields is shown in fig. 2. The 
emission pattern of dry season crop of 2003, 2004 and 2005 shows 
a steady increase in the beginning and peaks during flowering time 
and further reduces gradually. The results were consistent for 
different varieties and across the years. 

The wet season rice emission pattern during the years 2003, 04 and 
05 is shown in the fig. 3 for different varieties but in the same 
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location i.e., CRRI, Cuttack. The temporal emission pattern could 
be broadly put into two peaks, one during early period (before 40 
days) and another during peak growth period or flowering stage. 
More varietal as well as seasonal/yearly variations were observed 
during wet season. Fig. 4 and 5 show the temporal emission pattern 
of methane from – Haryana, Punjab (both intermittent irrigation) 
and Andhra Pradesh (continuous irrigation). The Basmati rice 
shows higher peak than hybrid rice (PR-II) as the organic 
amendments are higher for Basmati rice. The zig-zag pattern of 
PR-II is typical emission pattern of intermittent irrigation system. 
The emission pattern from Punjab study site showed single peak 
around 35 days. The emission from Andhra state was lowest and 
zig-zag pattern was observed. Further studies are required to 
account for this pattern in continuous irrigated region. 

 

Figure 2. The Temporal Emission Pattern of Methane from Dry 
Season Rice Crop 

 

Figure 3. The Temporal Emission Pattern of Methane from Wet 
Season Rice Crop (CRRI, Cuttack) 
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Figure 4. The Temporal Emission Pattern of Methane from Wet 
Season Rice Crop (Haryana and Andhra Pradesh) 
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Figure 5. The Temporal Emission Pattern of Methane from Wet 
Season Rice Crop (Punjab 2005) 
3.4 Strata-Wise Methane Coefficients 

The table 3 gives the India-specific coefficients (seasonal) for 
different strata. The highest emissions coefficient was deep-water 
category 34.38±23.26 g/m2. The samples of deep-water category 
are mostly from Assam state and few in Bihar state. The high 
emissions of deep-water rice may be attributed to long duration of 
rice crop coupled with high organic matter/substrate found in the 
region. The IRR-I strata has 5.5±2.55 g/m2, IRR-C has 7.51±5.68 
g/m2. The dry season IRR-C has 7.83 ±3.33.  The high SD of IRRI-
C (kharif) shows the large variability of this stratum in terms of 
water regime. The FP strata have the seasonal coefficient of 13.78 
g/m2 and SD of 5.07 g/m2. 

The diverse rice growing conditions across states was reflected in 
the emission coefficients. The high variation of coefficients within 
a category across state suggests that very high diversity within a 
crop-growing season that could have stemmed from varieties, 
organic matter amendment, varying level and duration of water, 
etc. The current estimates are based on about 471 field observations 
from farmers’ fields with the aim of generating a very near realistic 
inventory. The comparative evaluation shows that the coefficients 
obtained during the current study are slightly lower than other 
studies while irrigated-intermittent coefficient is slightly higher. 
The SDs of most of these are higher than the reported because of 
more number of samples which spread over large area unlike the 
other studies which were mostly limited to research stations and 
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controlled conditions. Since the current coefficients are based on 
large sample size ‘n’ (471) the results are more realistic albeit 
higher SDs. The single emission coefficient derived from all 

categories and all samples (n=471) weighted for the Indian rice 
crop was 74.05 ± 43.28 kg/ha. 

Category Irri-cont. Irr-int. Flood 
prone 

Drought 
prone 

Deep Water Irri-cont (Rabi-
summer) 

IRR-
C(wet+Dry)# 

MEAN 7.51 5.50 13.78 6.24 34.38 7.83 7.64 
SD 5.68 2.55 5.07 5.02 23.26 3.33 5.59 
n 178 87 60 62 10 74 252 

Table 3: Methane Emission Coefficients of Different Rice Strata (g/m2) 

# the coefficient for irrigated category was obtained by pooled samples of irrigated rice of both wet and dry seasons. 

CONCLUSION 

Agriculture accounts for approximately one-fifth of the annual 
increase in anthropogenic greenhouse gas emissions and rice 
cultivation has been accredited as one of the most important source 
of anthropogenic methane. The current study has developed remote 
sensing based technique for deriving IPCC compliant rice 
categories in spatial form. The results indicate that irrigated rice 
constitutes about 47.56 per cent.  The irrigated rice during the dry 
season (irrigated-continuous flooding) occupied 10.81 per cent. 
During wet season the irrigated (intermittent flooding- multiple 
aeration) occupied 8.8 per cent. Irrigated (continuous flooding) 
occupied 27.95 per cent. The accuracy of 70% accuracy was 
observed for remote sensing derived rice cultural types during the 
evaluation exercise spread over 150 locations across the country. A 
wide variation in spatio-temporal pattern in methane emission was 
observed even within the same cultural types  of rice. The CH4 
emission pattern of irrigated crop in dry season showed a steady 
increase in the beginning which peaks during flowering stage, 
decreasing gradually there after. The results were consistent for 
different varieties and across the years. The mean emission 
coefficient of strata belonging to Irrigated (cont), Irrigated (int), 
Rain fed (Flood prone), Rain fed (drought prone) and Deep Water   
is 7.51, 5.50, 13.78, 6.24, and 34.38 kg/ha, respectively. The main 
outcomes of the study are IPCC compliant rice categories map and 
country specific methane co-efficients. The outputs are very much 
useful for emission inventory, modeling and mitigations purposes. 
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ABSTRACT:  
 
One of the major sources of emission of green house gases (GHGs) is biomass burning. Thus the space-based observations of global 
distribution of fire form a key component of climate change studies. Several international programs have been established towards the goal 
of gaining complete information on fire activity around the world using space based observations. This study mainly highlights the spatio-
temporal occurrence of agricultural residues burning in Indo-Gangetic plains of India using fire products from space borne satellites.  The 3 
years daily active fire data from MODIS (Aqua/Terra) have been used from August, 2006 to July, 2009. The data analysis showed that out 
of total fire events, around 69% contribution comes from agricultural areas and remaining (31%) comes from non-agricultural areas. This is 
mainly due to the intensive cultivation happening in this belt. It has also been found that, 84% of agriculture residues burning is from Rice-
Wheat system (RWS) and remaining 16% in other types of crop rotations. The fire incidents are reported very high in October-December 
(55%) compared to that in March-May (36%), indicating that burning of rice residue is more prevalent than that of wheat. This paper 
highlights some of these facts to understand the agriculture residue burning scenario in relation to agriculture practice as a basic fact sheet 
and as a step towards mitigation planning. 
 
 

                                                                 
*cpsingh@sac.isro.gov.in 

1. INTRODUCTION 

1.1 Agriculture Residue Burning 

Two notable components of biomass burning are the incineration 
of wood, charcoal and agriculture waste as household fuel, and the 
combustion of crop residue in open fields. Agriculture residue 
includes all leaves, straw and husks left in the field after harvest. 
Agricultural fires are generally controlled fire events as compared 
to forest fires, but needs proper monitoring due to ambient air 
quality issues.  

The single largest category of crops is cereals. The waste products 
which are the main contributors to biomass burning are wheat 
residue, rice straw and hulls, barley residue, maize stalks and 
leaves, and millet and sorghum stalks. Sugar cane also provides the 
next sizeable residue with two major crop wastes: barbojo, or the 
leaves and stalk, and bagasse, the crop processing residue. The 
cotton crop also gives nonnegligible residue in the form of stalks 
and husks, both of which are used as biofuels (Rosemarie and 
Jennifer, 2003). 

1.2 Rice-Wheat-System (RWS) in Indo-Gangetic Plains 
(IGP) 

Rice (Oriza sativa)–wheat (Triticum aestivum) cropping system 
has a long history in India. In the Indian subcontinent, states like 
Uttar Pradesh (U.P.) have practised this cropping system since 
1872, and Punjab (Pakistan and India) and Bengal (India and 
Bangladesh) since 1920 (Pal et al, 2002). RWS occupies nearly 
one-fifth of the total area under these crops (Hobbs and Morris, 
2002). The region is named Indo-Gangetic Plains after the Indus 
and the Ganges, the twin rivers that drain it. The RWS in the IGP 

spans from the Swat valley in Pakistan through the States of 
Punjab, Haryana, UP, Bihar and West Bengal in India, and into 
Nepal and Bangladesh. The IGP occupies one-sixth of South 
Asia’s geographical area, holds nearly 42% of its total population 
and produces more than 45% of its food (Janaiah and Hossain, 
2003). Nearly 85% of the RWS of South Asia is located in the IGP. 
Other parts of the RWS outside IGP lie in Madhya Pradesh (MP), 
Himachal Pradesh (HP), Brahmaputra flood plains of Assam and 
southwestern parts of India and Bangladesh. The total area under 
RWS in India is roughly around 20 m ha. Almost 90–95% of the 
rice area in Punjab, Haryana and western UP is used under 
intensive RWS (Ladha et al, 2000, Janaiah, and Hossain, 2003). 
Northwestern part of the IGP has about 75% of the cropped area 
under combine harvesting (Gupta et al., 2003), which is about 15 m 
ha. It was estimated that during year 2000 about 78 and 85 million 
tons dry rice and wheat straw were generated in India alone, of 
which about 17 and 19 million tons may end up in field-burning 
respectively (Gupta et al., 2004). 

The major limitation of the RWS is the short time available 
between rice harvesting and plantation of wheat, and any delay in 
planting adversely affects the wheat crop. Preparation of the field 
also involves removal of rice straw left in the field. This has led to 
the introduction of mechanized harvesting technologies to enhance 
efficiency and save time. Among the various harvesters introduced, 
combine mechanized harvesters are most popular in RWS. The 
residue generated in general are utilized mainly as 
industrial/domestic fuel, fodder for animals, packaging, bedding, 
wall construction, in situ incorporation and green manuring, 
thatching and left in field for open burning. In situ incorporation is 
not feasible in RWS as the decomposition of residue takes a long 
time and affects the growth of wheat crop. Thus, for a farmer it is 
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economical and easier to burn the residue in the field to enable 
early sowing. Moreover, in case of combine mechanized harvesting 
almost all the residue generated is left in the field, which finally 
ends up in burning, because the utilization of it in the short time is 
again difficult (Gupta, R.K., et al., 2003). In year 2000, the total 
agricultural residue production in India was 347 million tons, of 
which rice and wheat straw accounted for more than 200 million 
tons (Thakur, 2003). For every 4 tons of rice or wheat grain, about 
6 tons of straw is produced (Thakur, 2003). Large amount of crop 
residue is produced from RWS in India from major involved 
States, viz. Punjab, UP, MP, Bihar, Haryana, Maharashtra, Gujarat 
and HP. 

1.3 Basics and Importance of Space Based Fire Detection 

Active fires can be monitored at a very low spatial resolution due 
to substantial increase in middle infrared (MIR) brightness of a fire 
pixel over its background (Robinson, 1991). Basically, the mid-
infrared part of the spectrum produces a very strong signal in 
response to high temperatures and this makes it most suitable 
region for fire detection. This can be explained with the help of 
Wien’s displacement law which states that there exists an inverse 
relationship between the temperature of a black body and 
wavelength at which it has its peak emission (Dozier, 1981, Matson 
and Dozier, 1981). The band at 3.9µm has a strong thermal 
response even if only a small portion of the pixel is covered by fire 
and this characteristic is vital for agriculture fire detection. 

Fire release a lot of heat, smoke and aerosol particles into the 
atmosphere, therefore, this makes fire detection very useful for 
climate modellers (Crutzen et al., 1979). The impacts of burning of 
crop residue on the environment range from harmful emissions to 
the atmosphere, loss of nutrients and degradation of soil properties 
to wastage of residue. The problem has become more serious than 
before, therefore, several international programs have been 
established towards the goal of gaining complete information on 
fire activity around the world using satellite sensors. These include 
the International Geosphere Biosphere Program Data and 
Information System’s (IGBP-DIS), Global fire Product initiative 
(Justice et al, 1996), the world fire web, the ATSR World Fire 
Atlas (Arino and Rosaz, 1999), the MODIS (Moderate Resolution 
Imaging Spectro-radiometer) Fire Product (Kaufman et al., 1998). 

1.4 Algorithms 

Fire detection algorithms may be classified in three categories 
(Kaufman et al., 1998): 1). Single channel threshold algorithms, 
based on only one channel, basically using 3.95µm band of 
MODIS, 3.75µm (channel 3) of AVHRR or similar channels of 
other sensors. The most challenging task in using single channel to 
detect fires during daytime is to account for the influence of solar 
reflection from cloud and bright surfaces within the limits dictated 
by the low saturation of 3.95 µm band (Giglio et al., 2003). 
Therefore screening for Clouds and bare surfaces are required to 
identify potential fires. 2). Multi-channel threshold algorithms 
generally consist of three basic steps (Kaufman et al., 1998): (i) 
using channel 3 of AVHRR in identifying all potential fires; (ii) 
thermal channel 4 of AVHRR to eliminate clouds; and (iii) using 

the difference between brightness temperature in channels 3 and 4 
to isolate fires from warm background. These improvements did 
not correct for the possible presence of reflective surfaces. The 
multi-channel threshold algorithms were mainly used in regional or 
even continental applications like fires in tropical forest (Kaufman 
et al., 1998); fires in savanna and boreal forests (Li et al., 2000). To 
expand the utility of multi-channel algorithms, multi-channel 
contextual algorithms were proposed (Lee and Tag, 1990). 3). 
Contextual algorithms compare the potential fire pixel with the 
thermal properties of the background. This involves two basic 
steps: initial setting of thresholds to identify potential fire pixels 
and then fine-tuning the thresholds to confirm fires among the 
potential fire pixels (Martin et al., 1999). The tests in the first step 
are similar to the multi-channel threshold techniques except that the 
thresholds are more liberal to avoid missing real fires. The second 
step computes the mean and standard deviation of the threshold 
variables from non-potential fire pixels surrounding a potential fire 
pixel. The window size for computing the means and standard 
deviations is set in a somewhat ad-hoc manner, varying typically 
from 3×3 pixels up to 21×21 (Flasse and Ceccato, 1996) until the 
number of qualified background pixels reaches a pre-specified 
value. After obtaining these statistics, they are used to re-define the 
thresholds to confirm a fire. This approach is reported to reduce the 
false fire alarms (Martin et al., 1999). Initially MODIS fire 
detection algorithm was designed by Kaufman, 1998 which 
produced persistent false detections over sparsely vegetated land 
surfaces and relatively small fires were frequently undetected. In an 
attempt to overcome this issue multi-thresholding contextual 
algorithm was proposed by Giglio et al., 2003. MODIS fire 
products (MOD14) uses this algorithm (Giglio et al., 2003) along 
with the algorithms that removes false fire alarms caused due by 
sun glint, water and coastal boundary and desert boundary effects. 

This study gives an account of agriculture residue burning in IGP 
which is related to the rapid rise happening in global temperatures. 
Scientists attribute the temperature increase to a rise in carbon 
dioxide (CO2) and other greenhouse gases released from the 
burning of fossil fuels, deforestation, agriculture and other 
industrial processes. The primary greenhouse gases associated with 
agriculture are CO2, methane (CH4) and nitrous oxide (N20). 
Agriculture activities serve as both sources and sinks for 
greenhouse gases. Agriculture sinks of greenhouse gases are 
reservoirs of carbon that have been removed from the atmosphere 
through the process of biological carbon sequestration. The 
primary sources of CO2 in agriculture are the burning of agriculture 
residue and combustion of fossil fuels. By employing farming 
practices that involve minimal disturbance of the soil and 
encourage carbon sequestration, farmers may be able to minimize 
the loss of carbon from their fields. Therefore, there is a need to 
understand the global agriculture fire and associated farming 
practices towards combating global warming. 

1.5 Objectives 

The present study aims to use contextual algorithm based fire 
products (MOD14) to characterise the agriculture residue burning 
in the states of IGP with the help of remote sensing based crop 
rotation maps. 
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2. STUDY AREA 

2.1 General Settings 

The study area includes five Indian states, namely, Punjab, 
Haryana, Uttar Pradesh, Bihar, and West Bengal falling in vast 
Indo-Gangetic Plain (IGP). This has geographical area of 5,71,490 
sq. km. It lies between 21o35’–32o28’N latitude. and 73o50’–
89o49’E longitude, surrounded by Pakistan to its west, Jammu and 
Kashmir, Himachal, Uttarakhand to its north, North-eastern states 
to its east and Rajasthan, Madhya Pradesh,Chattisgarh and 
Jharkhand to its west (figure 1). Most of the area is a gently 
undulating plain. 

2.2 Geography / Socio-Economic 

The Rice-Wheat cropping system is spread in above five IGP states 
(figure 1). These states are under four agro-climatic regions 
(ACRs) including: Trans-Gangetic Plain covering Punjab and 
Haryana (ACR VI); Upper-Gangetic Plain covering western UP 
(ACR V); Middle-Gangetic Plain covering eastern UP and Bihar 
(ACR IV); and Lower-Gangetic Plain covering West Bengal (ACR 
III). The area under RWS in the IGP is about 9 million hectares (M 
ha). There is an additional 1.5 to 2 M ha outside the IGP in the 
states of Himachal Pradesh, Uttarakhand, Madhya Pradesh, and 
Rajasthan (Prasad, 2007). 
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Figure 1.  Study Area Map (States of Indo-Gangetic Plain) 

This vast agricultural land is supporting about 406 million people 
(Web1). Two narrow terrain belts, collectively known as the Terai, 
constitute the northern boundary of the IGP. In the area where 
foothills of the Himalayas encounter the plain, small hills are 
formed by coarse sands and pebbles deposited by mountain 
streams. The southern boundary of the plain begins along the edge 
of the Great Indian Desert in the state of Rajasthan, before 
continuing east along the base of the hills of the Central Highlands 

to the Bay of Bengal. The main source of rainfall is the southwest 
monsoon which is normally sufficient for general agriculture. The 
many rivers flowing out of the Himalayas provide water for major 
irrigation works. The Punjab and Haryana plains are irrigated with 
water from the Ravi, Beas, and Sutlej rivers. The middle Ganga 
extends from the Yamuna River in the west to the state of West 
Bengal. Farming on the IGP primarily consists of rice and wheat 
grown in rotation. Other crops include maize, sugarcane and cotton 
(figure 2).  

3. MATERIAL AND METHODS 

3.1 Data Used 

Data 
Product 

Satellites/ 
Sensors used

Spatial 
Resolution 

Time Period 

MOD14* (Terra/Aqua)/
MODIS  

1 km Daily fire of 3 
years (August, 
2006 to July, 

2009) 
Crop-
rotation** 

SPOT-VGT 1 km Year 2002-03 

Table 1:  Shows the List of Data Used for this Stud\y 

Table 1: List of Data Used  [Source: * MODIS fire information 
system, Geoinformatics center, Asian Institute of Technology, 
Thailand ** Panigrahy et al, 2009] 

3.2 Methodology 

Daily MODIS fire products (MOD14) were downloaded for the 

study period (table 1) from both the Terra and Aqua platforms for 

day and night acquisitions in ASCII format. The data is having 

Time, Day / Night tag, Satellite platform tag, Latitude, Longitude, 

Reflectance of Band2, Brightness Temperature of Band 21 & Band 

31, Fire power and Fire confidence.  
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Figure 2. Crop-rotation Map of the Study Area (Source 
Panigrahy et al., 2009) 
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Figure 3.  Identification of False Fire Alarms Pertaining to 
September 5, 2008 of Terra Platform (Night time) 

The ASCII data was converted to comma separated values (CSV) 
and based on the mapping of the latitude and longitude fields in 
ArcGIS these points were converted to GIS ready vector format 
(.SHP files). It was found that night time data from Terra platform 
pertaining to September 5, 2008 having reflectance value of band 2 
as -1 was not reliable (figure 3) and therefore omitted from the data 
analysis. In the global MOD14 algorithm, drop in band 2 
reflectance is also used to detect candidate changes associated with 
burning. But, this drop in reflectance may be due to shadows, cast 
by clouds and surface relief and so exhibit similar spectral changes 
as those caused by fire (Roy et al. 2002, Justice et al., 2006).  The 
remaining point vector files were extracted for the IGP area using a 
mask of the IGP state’s administrative boundary. The fire point 
data was overlaid on the crop-rotation image (Panigrahy et al, 
2009) and the raster values were transferred to the point coverage 
for further analysis. 

4. RESULTS 

4.1 Fire Events Observed in Different Cropping System 

To know the likely crop residue being burnt in the study area the 
crop rotation data (figure 2) was used. This crop rotation data was 
overlaid with the fire location point vector file generated by the fire 
detection algorithm and the majority class of cropping system that 
is falling within the fire location cluster was extracted.  The data 
analysis showed that out of total fire events, around 69% 
contribution comes from agricultural areas and remaining (31%) 
comes from non-agricultural (forest and bush) fire. The result also 
shows that out of total agriculture based burnings, 84% were in the 
rice-wheat and rice-other crop-wheat based cropping systems or 
RWS (figure 4). Fire events were also detected in the Cotton-
Wheat (2%), Maize-Wheat (3%), Pearlmillet-Wheat (1%), Rice-
Fallow-Fallow (5%), and Sugarcane-based cropping systems (4%). 
However, RWS is known for residue burning practice, the other 
cropping patterns showing small fire activities may also be due to 
the saturation caused by small fraction of the pixels (Justice et al., 
2006) where rice is being cultivated. 

4.2 Characterisation of Agriculture Fire 

The total fire events detected (including non-agricultural areas) 
were 8,726 with contribution from agricultural being 69%. 

Analysis also showed that the fire events were mainly confined to 
the months of March – May (36%) and October- December (55%) 
(Table 2). In the first part, April shows the highest fire events with 
18.25% and the in the second part, October shows the highest fire 
events with 45.59% out of total agricultural fire in the study area. 
This is due to the burning of leftover crop residues of rice crop 
before planting of rabi season crop (Milap et al., 2008). The fact is 
that, the time-gap available for planting rice is quite high and 
therefore the farmer may wait for rainfall to get the residues 
naturally decomposed. On the contrary, the time gap available 
between rice to wheat cropping is not sufficient for nutrient 
enrichment, the reason for higher rice residues being burned in the 
agricultural fields during October to November. 

J F M A M J J A S O N D

MW 1 4 5 5 1 1 17

PW 1 1 2

RFF 2 3 4 1 1 1 12

RPW 5 13 14 43 12 2 2 3 1 3 9 107

RW 2 9 4 278 26 12 1 1 21 131 485

SB 2 7 4 3 2 1 19

Total 13 36 26 330 45 16 4 3 1 2 25 141 642

CW 3 1 7 11

MW 1 1 2 4

OW 2 1 3

PW 5 1 1 1 8

PM 1 1

RPW 1 4 8 24 1 38

RW 63 110 8 381 9 1 572

SB 1 5 8 7 21

Total 3 75 134 3 2 9 421 9 2 658

CW 2 15 96 113

MW 1 2 54 1 58

OW 1 1

RPW 2 27 29

RW 30 151 1 1 1999 100 2 2284

SB 1 3 19 23

Total 34 173 1 1 2196 101 2 2508

CW 1 1

MW 11 4 3 19 24 2 1 2 15 15 10 106

PW 7 13 1 7 13 1 6 8 13 69

PM 1 1

POW 2 2 2 1 7

RPW 2 2 5 57 13 1 1 2 1 1 2 87

RP 2 3 1 1 1 1 1 10

RVW 2 7 4 6 4 1 1 2 2 4 33

RW 51 80 64 502 332 11 3 2 8 95 113 94 1355

SB 5 25 31 38 43 5 4 3 11 165

Total 80 134 108 633 431 17 6 4 20 124 142 135 1834

MW 1 6 1 2 10

RFF 19 80 125 18 3 25 3 7 5 1 2 15 303

RFR 1 2 1 4

RMJ 1 6 7

RPW 7 6 11 1 6 5 4 5 3 3 2 53

RP 1 1 3 5

RW 1 1 2

Total 29 86 142 28 12 35 3 11 10 4 6 18 384

122 256 279 1100 795 69 16 20 41 2747 283 298 6026

U
tt

ar
 P

ra
de

sh
W

es
t B

en
ga

l

Months

CRStates
Grand 
Total

B
ih

ar
H

ar
ya

na
Pu

nj
ab

Grand Total  

Table 2: Cumulative Monthly Fire Counts in IGP States 

[CR: Crop Rotation; MW: Maize-Wheat; PW: Pearlmillet-Wheat; 
RFF: Rice-Fallow-Fallow; RPW: Rice-Potato-Wheat; RW: Rice-
Wheat; SB: Sugarcane-based; CW: Cotton-Wheat; OW: Other-
Wheat; PM: Pmillet-Mustard; POW: Pmillet-Other-Wheat; RP: 
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Rice-Pulse; RVW: Rice-Veg-Wheat; RFR: Rice-Fallow-Rice; RMJ: 
Rice-Mustard-Jute] 

 

Figure 4. Aggregate Monthly, Crop-Rotation Wise Agriculture 
Residue Burning for Indo-Gangetic Plain States and Percentage 
Contribution of Individual States 

5. DISCUSSION AND CONCLUSION 

Rice is grown during warm, humid season between June and 
October and wheat in cool, dry season between November and 
March. There is little time available between harvesting of rice and 
planting of wheat and moreover, performance of wheat crop is 
highly susceptible to any delay in planting. This has resulted in 
mechanizations of harvesting in RWS and introduction of combine 
harvesters. Due to the use of combine harvesters, there has been a 
sharp increase in the share of open field burning as it leaves behind 
large quantities of agricultural residues (Gupta, R.K., et al., 2003). 
It is very clear from the figure 4, that agricultural residue burning is 
more serious in the state of Punjab. It has been reported by Milap et 
al., 2008 that, in Punjab, this is mainly due to burning of crop 
residue before sowing of rabi season crop. Moreover, Punjab has 
about 2.647 m ha under paddy cultivation that yields roughly 100 

million tones of rice straw and about three-fourth of crop residue is 
disposed off by burning (Badrinath et al., 2006). The emission of 
CH4, CO and N2O has been estimated to be about 110, 2306, and 2 
Gg respectively, in 2000 from rice and wheat straw burning in 
India (Gupta et al., 2004). Residue burning also causes nutrient and 
resource loss, and reduces total N and C in the topsoil layer, thus 
calling for improvement in harvesting technologies and sustainable 
management of the RWS (Gupta, et al., 2003). 

The fire events in Punjab are detected in the Months of April – 
May and October- November only. During April and May, 
basically the Wheat residues are being burned and during October 
and November, the Rice residues are being burned. The burning of 
Wheat residues is quite less (8%) during April-May in comparison 
to burning of Rice residues (92%) during October-November in 
Punjab (table 2). This is because of the fact that the time-gap 
available for planting Rice is quite high and therefore the farmer 
may wait for rainfall to get the residues naturally leaves its 
nutrients to soil. The time gap available between rice to wheat 
cropping is not sufficient for nutrient enrichment, the reason for 
higher rice residues being burned in the agricultural fields. Still, In 
situ incorporation being the best option may be further investigated 
for fast decomposition of residue. 

Agricultural fire detection in the near real time is very essential as 
it can help in preventing crop loss if the fire incidences occur 
before the harvest of the crop. The uncontrolled and badly chosen 
time of burning of residues generally causes pollution in the 
ambient air and deteriorates the quality of air we breathe. The 
associated health hazards are well known. Therefore, the 
meteorological parameters should be considered and the authorities 
should inform farmers about a proper time window for controlled 
burning, so that the gases goes straight to the upper atmosphere and 
should not cause health hazard by concentrating in ambient air. 
Burning of crop residue results in emission of trace gases and 
particulate matters, loss of plant nutrients and thus adversely affects 
the pedology.  

Burning of agricultural residue is now recognized as an important 
source of pollutant emissions. It leads to emission of trace gases 
like CH4, CO, N2O, NOx, SO2, and hydrocarbons. Burning of 
straw also emits large amount of particulates that are composed of 
a wide variety of organic and inorganic species. One tonne straw 
on burning releases 3 kg particulate matter, 60 kg CO, 1460 kg 
CO2, 199 kg ash and 2 kg SO2. These gases and aerosols consisting 
of carbonaceous matter have an important role to play in the 
atmospheric chemistry and can affect regional environment, which 
also has linkages with global climate change (Gupta et al., 2004). 
The future Indian mission, INSAT-3D having capability to detect 
fire at every 30 minutes will enhance the capability of such active 
fire detection from space and will be able to provide more realistic 
picture of short lived fire events in RWS. 
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ABSTRACT:  
 
Wetlands provide immense environmental, economic, and social, benefits. Some of the wetland functions are surface water storage, 
groundwater recharge, storm water retention, flood control, shoreline stabilization, erosion control, and retention of carbon, nutrients, 
sediments and pollutants. According to the IPCC Second Assessment Report, changes in climate will lead to an alteration of the 
hydrological cycle and could have major impacts on regional water resources. Climate change may also lead to shifts in the geographical 
distribution of wetlands. Thus, the projected changes in climate are likely to affect wetlands, in their spatial extent as well as distribution 
and function. Wetland responses to climate change are yet to be understood thoroughly and are often not included in global models of the 
impact of climate change. India has a wide spectrum of wetlands ranging from high altitude alpine lakes, littoral swamps in the form of 
mangroves, corals and numerous types of inland wetlands. To understand the impact of climate change on wetlands, the first step is to have 
a spatial data base of existing wetlands. This paper highlights the wetland types and distribution in India created at 1: 250,000 scale using 
Resourcesat-1 (Indian Remote sensing Satellite-P6) Advanced Wide Field Sensor (AWiFS) data of 2004-05. A two step hierarchical 
classification was used to map the wetlands and categorise them into 25 classes. The total area under various wetland categories was 
estimated as 11.69 Mha. Since a wide range of wetland types exist, it is difficult to accurately predict whether they will continue to 
function as hydrological buffers for extreme events or provide other important ecological, social, and economic services. Therefore, only a 
general assessment of the relationships between wetlands and climate change is addressed in this paper. Increasing temperatures globally 
are likely to result in a warming of water temperatures in lakes and rivers. The greatest effect would be at high altitudes where biological 
productivity would increase. India has some of the very unique high altitude lakes spread across the Himalayas. Rare and endangered plant 
and animal species sensitive to small changes in temperature often have no alternative habitat, especially in isolated areas such as those in 
montane and alpine wetlands. On the other hand many coastal wetlands will have impact of salinity and change the homeostasis of 
ecosystem. The coral reefs are vulnerable to bleaching from sustained increase in Sea Surface Temperature (SST). 
 
 

                                                                 
∗ jgpatel@sac.isro .gov.in 

1. INTRODUCTION 

Wetlands, one of the crucial natural resources are transitional 
areas of land that are either temporarily or permanently covered 
by water. Ramsar Convention defines wetlands as: ”areas of 
marsh, fen, peatland or water, whether natural or artificial, 
permanent or temporary, with water that is static or flowing, 
fresh, brackish or salt, including areas of marine water the depth 
of which at low tide does not exceed six meters”. In addition, 
the Convention provides that wetlands: ”may incorporate 
riparian and coastal zones adjacent to the wetlands, and islands 
or bodies of marine water deeper than six meters at low tide 
lying within the wetlands”. Given these characteristics, 
wetlands exhibit enormous diversity and support a rich 
spectrum of plant and animal species, making them ecologically 
significance.  Utility wise, wetlands directly and indirectly 
support millions of people in providing services such as food, 
fibre and raw materials, storm and flood control, clean water 
supply, scenic beauty and educational and recreational benefits. 
The Millennium Ecosystem Assessment estimates 
conservatively that wetlands cover seven percent of the earth’s 
surface and deliver 45% of the world’s natural productivity and 

ecosystem services provide benefits estimated at $20 trillion a 
year (Source : www.MAweb.org).  

Irrespective of their significance, there has been a little attention 
given so far by policy-makers to the relationship between 
climate change and the conservation and wise use of wetlands. 
Rises in temperatures, changes in precipitation, and sea-level 
rise, are the main aspects of climate change that will affect 
wetland distribution and function. For most regions the 
projections for changes in precipitation and temperature, are 
highly uncertain. Further uncertainty includes the increase in 
frequency and intensity of extreme events, such as storms, 
droughts, and floods. The ability of wetland ecosystems to 
adapt to climate change will be highly dependent on the rate 
and extent of these changes.  

India has a wide diversity of wetlands (MoEF, 1990, WWF, 
1993). Mapping the wetlands following a meaningful 
classification system is a basic requirement to study climate 
change impact. This paper highlights the results of wetland 
inventory of India derived using satellite remote sensing data 
and analyses the broad aspects of climate change on different 
wetland categories in Indian context.  
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2. DATA AND METHODOLOGY 

Mapping and analysis was carried out for entire India including the 
islands. Resourcesat-1 AWiFS data of 2004/5 was used to map the 
wetlands. AWiFS provide data in 4 spectral bands; green, red, Near 
Infra Red (NIR) and Short wave Infra Red (SWIR), with 56 m 
spatial resolution. The spatial resolution is suitable for 1:250,000 
scale mapping. Two date data, one acquired during March-May 
and another during September-November were used to capture the 
pre-monsoon and post-monsoon hydrological variability of the 
wetlands respectively. On screen digital interpretation of the data 
was done to map the wetlands. A two step hierarchical 
classification system was followed to map the wetlands into 25 
classes. The database was organised in GIS environment using a 
well defined spatial framework for India (Anon, 2005). Spatial 
layers of bio-geographic zones, river basins and agro-climatic 
zones were created using published maps and literature. 
Administrative boundary layers of country, state and district were 
also organaised in GIS environment. These layers were used for 
analysis of wetland distribution. Spatial distribution layers have 
been generated for various aspects. The broad steps of the 
procedure are: 

 Geo-referencing of satellite data  

 Generation of spatial framework in GIS environment on 
the basis SOI graticule grids for database creation and 
organisation. 

 Preparation of wetland maps from satellite data using  
on-screen interpretation techniques   

 Creation of a digital database for each of the thematic 
layers as per the spatial framework.  

 Mosaicing/edge matching of all these maps to create 
seamless database  

 Preparation of maps and statistics on wetland distribution 

3. RESULTS 

3.1 Wetlands in India 

The total area under wetlands in India was estimated to be 

11689909 ha (11.69 Mha). This accounts for 3.66 per cent of 

geographic area of the country. Wetlands belonging to different 

classes are shown in Table 1. The major wetland types are 

River/Stream, Inter tidal mud flats, Reservoirs, Tanks, Lake/ponds 

and Mangrove forest. India has some of the unique wetlands like 

mangroves (403278 ha) and corals (106235 ha). Area under 

different wetland classes in India is shown in Figure 1. State-wise 

distribution shows that Gujarat has highest area under wetlands 

(2853838 ha), followed by West Bengal (1199864 ha) and Andhra 

Pradesh (1088975 ha). However, if per cent geographic area is 

taken into consideration, Lakshadweep leads the list with 54.38 per 

cent area under wetlands (mainly coral reefs), followed by Gujarat 

(15%) and West Bengal (14%).  

Wetland Type Sr. No. 
Level I Level II Level III 

Area (ha) 

1 Lake/ponds 469817 
2 Ox-bow lakes/cut off meanders 142158 
3 Waterlogged 404937 
4 Playas 44434 
5 Swamp/marsh 259198 
6 

 
 
 

Natural 

River/Streams 2929620 
7 Reservoirs 1512011 
8 Tanks 1492342 
9 Waterlogged 160046 
10 Abandoned quarries 5245 
11 

 
 
 
 
 
 

Inland Wetlands 
 
 
 
 

 
 
 

Man-made 
Ash pond/cooling pond 8119 

12 Estuary 17480 
13 Lagoon 190196 

14 Creek 137011 
15 Backwater(kayal) 453206 
16 Bay 575 
17 Tidal flat/mud flat 2331528 
18 Sand/beach/spit/bar 53240 
19 Coral reef 106235 
20 Rocky coast 8428 
21 Mangrove forest 403278 
22 Salt marsh/marsh vegetation 221273 
23 

 
 
 
 
 
 
 
 

Natural 

Other vegetation 73126 
24 Salt pans 112097 
25 

 
 
 
 
 
 
 
 

Coastal Wetlands 

 
Man-made Aquaculture ponds 154309 

Total 11689909 
Table 1: Type Wise Area Under wetlands in India Based on IRS AWiFS Data of 2004-05 
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Natural wetlands accounted for 71 per cent of total wetlands. Area 
under inland wetlands (natural and man made) is about 7.42 Mha 
and that of costal wetlands is 4.26 Mha accounting for about 64.0 
and 36.0 per cent of total wetlands respectively. (Table-2 and 
Fig.2). 

Since, size is an important criterion for impact assessment; 
wetlands were categorized into five classes based on their aerial 
extent. Analysis revealed that there are 118 very large wetlands ( 
>10000 ha) occupying 49 per cent share followed by 6690 
belonging to large ones (100 -10000 ha) as shown in Table-3 and  
Figure 3. 

The bio-geographic classification of India recognizes 10 bio-
geographic zones ranging from the Trans-Himalaya to the Islands. 
These zones indicate an unique set of geo-physical and hydro-
climatic conditions as well as distinct geological origins. They also 
have unique floral and faunal elements. The Himalaya and 

Gangetic plains are examples of two adjacent extremely different 
zones. The map prepared by Wildlife Insitute of India has been 
used for analysis (Rogers and Panwar,  1988). Bio-geographic zone 
wise wetland area is given in Table 4. Zone 8 (East coast)  

accounts for 35.8% of geographic area under wetlands. About 
7.7% of geographic area of Island-Andaman is under wetlands. 
Gangetic plain (3.9%) and Brahmputra valley has about 3.8% area 
under wetlands. Graphical distribution is shown in Figure 4. 

Sr. No. Wetland Type   Area (ha) 
1 Inland : Natural 4250164 
2 Inland : Man-made 3177763 
3 Coastal : Natural 3995575 
4 Coastal : Man-made 266407 
  Total 11689909 

Table 2: Area Under coastal and Inland Wetland  
Types in India 
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Figure 1: Area Under Different Wetland Classes in India (2004-05) 

Sr. 
No. Class No. of 

Wetlands Area (ha) 

1 
Very Large ( > 10000 
ha) 

118 5859580 

2 
Large (100 - 10000 
ha) 

6690 4270651 

3 Medium (25 - 100 ha) 10772 545684 
4 Small ( 1 - 25 ha)* 71660 1013994 
5 Very Small (< 1 ha) # - - 
  Total   11689909 

Table 3: Number and Area of Wetlands  
Under Different Sizes 

* Less than minimum mapable unit (62.5 ha on 1:250,000 scale) 
assumed to be  approximately 15 ha.# AWiFS data not suitable for 
mapping 

 

Figure 2. Percent Share of Man-Made and Natural Wetland 
Types in India (2004-05) 
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49%

9%
5%

37%

Very Large ( > 10000 ha)

Large (100 - 10000 ha)

Medium (25 - 100 ha)

Small ( < 25 ha)

 

Figure 3. Percent Share of Wetland of Different Sizes in India 

Sr. 
No. 

Biogeographic Zones Geographic Area 
(ha) 

Total Wetland Area 
(ha) 

Percent wetland 
area 

1 Trans Himalaya - Ladakh Mountains 18393982 245166 1.33 
2 Himalaya - West Himalaya 20396030 177927 0.87 
3 Desert - Kachchh 19032015 232337 1.22 
4 Semi-Arid - Gujarat Rajputana 50961676 1309550 2.57 

5 
Western Ghats - Western Ghats 
Mountains 13040390 251234 1.93 

6 Deccan Peninsula - Central Highlands 134347297 3255652 2.42 
7 Gangetic Plain - Lower Gangetic Plain 34240009 1345512 3.93 
8 Coasts - East Coast 11696546 4192217 35.84 
9 North-East - Brahmputra Valley 16496362 626992 3.8 

10 Islands - Andaman 691826 53322 7.71 
 Total 319296134 11689909 3.66 

Table 4: Biogeographic Zone Wise Wetland Area 

12%

36%

28%

2%11%2%2%2%0%
5%

Trans Himalaya - Ladakh Mountains

Himalaya - West Himalaya

Desert - Kachchh

Semi-Arid - Gujarat Rajputana

Western Ghats - Western Ghats Mountains

Deccan Peninsula - Central Highlands

Gangetic Plain - Lower Gangetic Plain

Coasts - East Coast

North-East - Brahmputra Valley

Islands - Andaman
 

Figure 4. Bio-Geographic Zone Wise Wetland Distribution Pattern 
 

3.2 Analysis of Impact of Climate Change 

Changes in precipitation, sea-level rise and increases in 
temperature, are some of the important aspects of climate change 

that has direct impact on the wetlands. The wetland statistics 
generated along with their spatial distribution derived using remote 
sensing data enables to assess the dimensions of impact.  
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3.2.1 Coastal wetlands: Coastal region has been projected as the 
most vulnerable target of climate change due to sea level rise, 
flooding etc (Boorman, 1990). IPCC (1996) estimates that sea 
levels will rise between 1, 5 and 9 meters in the coming decades 
due to thermal expansion of ocean water and melting of glaciers 
and ice caps. Already since pre-industrial times, sea levels have 
risen globally between 1, 2, and 5 meters. This will have direct 
impact on the coastal wetlands.  

India has large number of coastal wetlands which account for 
around 36 per cent of total wetlands. These wetlands range from 
coral reefs of Gujarat, Anadaman and Nicobar, Lakshdweep, Gulf 
of Mannar followed by inter tidal mud-flats that spans most of the 
coast and mangroves of varying densities, and breeding habitats of 
turtles of Orissa coast.  Rise in sea level would result engulfment of 
these wetlands or at least make these wetlands very vulnerable. 
Increased coastal flooding, loss of habitats, an increase in the 
salinity of estuaries and freshwater aquifers, and changed tidal 
ranges in rivers and bays, transport of sediments and nutrients, 
patterns of contamination in coastal areas are amongst the main 
effects of coastal region. Coastal wetland flora and fauna generally 
respond to small, permanent changes in water levels. Accelerated 
rates in sea level rise will likely result in shifts in species 
compositions, a reduction in wetland productivity and function. 
The degree to which they are able to adapt to these changes will 
depend to a great extent on the ability for species to ‘migrate’ to 
alternative areas. Increased sea levels will likely force wetland 
systems to migrate inland. However, this migration path could be 
obstructed by inland land uses or by the ability of these systems 
and their components to migrate in time sufficient to survive. For 
example, many coastal and estuarine wetlands will be unable to 
migrate inland due to the presence of dikes, levees or specific 
human land uses close to the coastal area. 

3.2.2 Mangrove ecosystem: India harbors some of the largest and 
most diverse mangrove ecosystems of the world. The magrovess 
along the Bay of Bengal has evolved over the millennia through 
natural deposition of upstream sediments accompanied by intertidal 
segregation. The physiography is dominated by deltaic formations 
that include innumerable drainage lines associated with surface and 
subaqueous levees, splays and tidal flats. There are also marginal 
marshes above mean tide level, tidal sandbars and islands with their 
networks of tidal channels, subaqueous distal bars and proto-delta 
clays and silt sediments. The delicate balance of fresh water and 
sea water supports the diversity of these ecosystems be it the 
famous Sunderbans or the Bitarakanika. The effect of sea level rise 
and change in freshwater runoff from the catchment due to change 
in precipitaion will have direct impact on the species composition 
and diversity. Threat to loss of area due to sea level rise, erosion are 
additional impacts. 

3.2.3 High altitude wetlands: India has a large number of high 
altitude wetlands known as alpine wetlands, which are unique in 
terms of biodiversity, besides its role in mountain hydrology. 
Increasing temperatures are likely to result in a warming of water 
temperatures in lakes. The greatest effect would be at high altitudes 
where biological productivity would increase. Rare and endangered 

plant and animal species with sensitivity to small temperature 
changes often have no alternative habitat, especially in isolated 
areas such as those in montane and alpine wetlands.  

3.2.4 Coral reefs: Coral reefs have been given specific attention 
under climate change scenario due to their sensitiveness to growing 
environment (IUCN/UNEP, 1993).  India has good number of 
corals and atolls classified under natual wetlands. Atolls defined as 
"...an annular reef enclosing a lagoon in which there are no 
promontories other than reefs and islets composed of reef detritus" 
and "...in an exclusively morphological sense,.a ring-shaped ribbon 
reef enclosing a lagoon in the center." The remains of an ancient 
atoll as a hill in a limestone area is called a reef. As noted above, 
reef-building corals can thrive only in warm tropical and 
subtropical waters of oceans and seas, and therefore atolls are only 
found in the tropics and subtropics. 

Coral reefs are the most biologically diverse marine ecosystems, 
but are very sensitive to temperature changes. Short-term increases 
in water temperatures in the order of only 1 to 2 oC can cause 
"bleaching" of coral. Sustained increases of 3 to 4 oC above 
average temperatures can cause significant coral mortality. A rising 
sea level and increasing storm surges also could harm corals. Many 
available studies indicate that even slow-growing corals can keep 
pace with the "central estimate" of sea-level rise (approximately 0.5 
cm per year). Also, recent research suggests that increasing 
concentrations of carbon dioxide in the atmosphere negatively 
affect coral reef growth due to change in pH of sea water. 
Generally speaking, climate change will affect these coral reef 
systems one way or other (Bijlsma, 1996).  

3.2.5 Inland natural wetlands: Inland natural wetlands constitute 
37 per cent of total wetlands and include classes like rivers/streams, 
lakes/ponds and waterlogged areas. Inland natural wetlands will be 
affected in different ways by shifts in the hydrological cycle due to 
changes in precipitation, evaporation, transpiration, runoff and 
channel flow. Arid and semi-arid areas are especially vulnerable to 
changes in precipitation as a decline in precipitation can 
dramatically affect wetland areas.  

3.2.6 Carbon cycle: Wetlands play an important role in the global 
carbon cycle. The carbon pool contained in wetlands globally is 
estimated to be up to 230 Gton   out of a total of about 1943 Gton. 
Assessment of Indian wetlands in direction has not been done. 
However, conserving, maintaining, or rehabilitating wetland 
ecosystems can be a viable element to an overall climate change 
mitigation strategy.  

Due to their anaerobic character and low nutrient availability, 
wetland carbon stocks increase continuously and are source of 
methane production and emission. When the wetlands are drained, 
mineralisation generates considerable methane emissions. When 
wetlands are converted to agricultural land, large quantities of CO2 
and NO2 are released while methane emission is reduced sharply. 

CONCLUSION 

Wetlands are important natural resources. India has a large 
diversity of wetlands starting from the alpine wetlands in 
Himalaya, mangroves in the coastal region to corals in sea and near 
shore. Hydrological regime is the key process of wetland formation 
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and status. Change in temperature, precipitation projected under 
climate change scenario has a direct bearing on the hydrological 
regime. Thus, the projected changes in climate are likely to affect 
wetlands, in their spatial extent, distribution, function and 
ecological aspect including flora/fauna composition and 
concentration. Wetland responses to climate change are still poorly 
understood. This paper has shown the potential of geospatial tools 
like remote sensing and GIS in mapping and updating database of 
wetlands. Analysis showed that high altitude wetlands, coastal 
wetlands and mangroves and corals are some of the most sensitive 
classes that will be affected by climate change. This will have 
serious ecological impact. The inland natural wetlands which 
occupy single most dominant position, will have impact on its 
hydrological regime due to changes in runoff, evapo-transpiration. 
Particular impact on the arid/semi arid region is highlighted like the 
Gujarat state which leads in wetland area.  
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ABSTRACT:  
 
Water management is facing major challenges due to increasing uncertainties caused by climate and global change because of fast 
changing socio-economic boundary conditions. For a system to be able to adapt to change or to be prepared for uncertain future change the 
following two aspects are key requirements:- 1. New information must be available to the system and the system must be able to process 
the information.2. The system must have the ability to change based on processing new information. Satellite remote sensing comes very 
useful in such situations. In this paper we are discussing the use of SRS maps from disparate sources for the common purpose. 
Global vegetation land use maps and location specific (scaled) land use maps obtained from use of satellite remote sensing data for two 
periods are compared using water footprint concepts. Water is a public good, so water allocation at the catchments level is principally a 
governmental issue. The question here is how all demands for water can best be met and where- in case of water shortage- supply should 
be restricted. 
Unit requirements of water resources for crops, live stock (grazing systems) sustenance, drinking water supply and clothing needs for three 
village agricultural watersheds located in different agro-climatic zones will be obtained. The concepts of water stress, water strain, will be 
studied akin to engineering mechanics of materials. On the lines of water footprint concept used for catchments scale / country scale ( by 
WWF) the watersheds water scarcity will be obtained as indicator to assess the implications of real and virtual water in management of 
watersheds in a basin. 
 
 

1. INTRODUCTION 

 In recent time, efforts made by international organizations like 
FAO based on national statistics and IWMI based on NOAA 
AVHRR, MODIS 500m data in irrigated areas mapping and 
national organization like NRSC or state remote sensing centres 
like Karnataka Remote Sensing Application Centers in land 
use/land cover mapping using IRS- AWIFS data shows different 
estimations and considerable variation in croplands statistics in 
comparison of conventional statistics. In conventional estimation of 
cropland areas in the country, the Directorate of Economics & 
Statistics (DES), Department of Agriculture & Co-operation is the 
nodal agency for collection, compilation and publication of 
statistics on croplands under agricultural census. The need for 
routine and timely cropland maps and statistics on a near-real-time 
basis at national, regional and local levels can not be 
overemphasized in an era of stagnated green revolution, increasing 
populations, quantum leap in consumption patterns in rapidly 
growing economy, and a changing climate. Common property 
water resources or CPWR’s form an important component of the 
ecological systems in rural India. In the context of the non-
domestic utilisation of CPWR’s, the two issues that have 
considerable social relevance relate to the equity and management 
aspects of these resources. In the past few years, a number of state 
governments in India have carried out, in varying degrees, 
institutional reforms in the water sector, particularly in relation to 

                                                                 
  a*Corresponding author Email: cjagadeesha@gmail.com 

irrigation. Most of the states are also giving importance to 
development of rain-fed agriculture in watersheds. This paper 
attempts to use the global datasets on land use/ land cover and 
use water-foot print concepts at watershed scale to arrive at 
changes if any of the watershed’s water use over a period of 
four or five years ( temporal duration is limited to the 
availability of global datasets). 

2. DATA AND STUDY AREA 

The study area is the Tungabhadra basin, a part of Krishna basin, 
which falls into several agro-climatic zones. This was a drought 
prone area earlier to 1961 and after the irrigation project came into 
existence reaping benefits have accrued to farmers in the region. 
But rain fed areas are still gambling with the rain , or a selected few 
are digging bore wells to deeper depths causing ground water 
mining, open wells appear and disappear seasonally or many of 
them have become dysfunctional. New open wells, bore wells , 
small tanks etc., are being dug / constructed under different 
governmental schemes like NREGP, Watershed development, 
Public Water Supply and Minor irrigation schemes as well as 
private entrepreneurships by raising large interest loans from 
money lenders. Water is not properly accounted in any of these 
watersheds. No one knows the sustainability of the water structures 
they have built. Hence to get the data on such small watersheds as 
small as 20km by 20 km, 25 km x 25 km, or 30 km x 30 km, it is 
very difficult task. Global data sets produced by IWMI 
(International water management institute) on irrigated land uses 
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(1997- 1998 year of satellite data) of the Tungabhadra basin and 
available in web portal of IWMI are one dataset. The land use data 
depicting Khariff, Rabi and double crops etc areas by Karnataka 
State remote sensing applications center, Bangalore, India for the 
entire Karnataka state watershed- wise is another dataset used in 
this study. The year of satellite data acquisition was 2002- 2003.  

The study area for the purpose of this paper is limited to three 
watersheds which fall in northern dry zone, southern transition 
zone and northern transition zones which are there types out of ten 
different agro-climatic zones of the state of Karnataka. At all India 
level the agro-climatic zones are 15 in number in entire India. 
Karnataka state region falls in 3 out of 15 agro-climatic zones in 
India viz., WHg (Western Plateau and Hills), DP (Southern Plateau 
and Hills), WC (West Coast Plains and Hills) for most of its area. 
The categorization existence of CPWRS in agro-climatic zones of 
EHg, EG, TD and DP at all India level makes us understand the 
possibility of existence or otherwise of water-markets.  

 

 

 

3. WATER FOOT PRINT CALCULATIONS 

The principle of virtual water is really simple. Water is required for 
the production of food such as cereals, vegetables, meat and dairy 
products. The amount of water consumed in the production process 
of a product is called the “virtual water” contained in the product 
(Allan J.A.) For example , to produce 1 kg of wheat we need about 
1000 litres of water. For meat we need about 5-10 times as much ! 
The vitual water content of a product tells something about the 
environmental impact of consuming this product. Knowing the 
virtual water content of products creates awareness of the water 
volumes needed to produce the various goods, thus providing an 
idea of which goods impact the most on the water system and 
where water savings best could be made. Hoekstra and Hung 
(2002) have introduced the concept of the water foot print 
(Hoekstra and Hung) The sum of national (watershed) water use 
and net virtual water import is defined as the “water foot print” of a 
country (watershed) The water foot print can be a strong tool to 
show people their impact on the natural resources. Awareness of 
ones individual water foot print would simulate a more careful use 
of water.  

The crop water requirements (in metre cube per hectare) (CropWat 
Model) for various crops, the actual crops yields (ton per hectare) 
in 1999 (FAOSTAT), and specific water demands (metre cube per 
tonne) in 1999 are used to obtain all the values in table 3 and table 
4. Table 1 gives land use/ land cover obtained from IWMI portal. 
Table 2 gives land use land cover obtained from KSRSAC, 
Bangalore watershed database (2002) using IRS satellite images. 
Suitable grouping of land use/cover classes was carried out to bring 
uniformity of data for use in water foot print calculations.  
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Table 1: Land Use / Land Cover using Global data sets for 
Karnataka: IWMI/GIAM Project 

 

Table 2: Land Use / Land Cover using Global data sets for 
Karnataka:KSRSAC-Micro watersheds Atlas Project 

 

Table 3: Specific water demand using Global data sets for 
Karnataka: IWMI/GIAM Project 

 

Table 4: Specific water demand using Global data sets for 
Karnataka: KSRSAC-Micro watersheds Atlas Project 
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4. WATER REQUIREMENTS 

Water requirement for drinking and sanitation is calculated as per 
water supply position existing in Karnataka. Water requirement for 
textiles/clothes (5 pairs of cotton clothes each pair weighing 2 kg is 
assumed to be used by villagers annually) and grazing systems 
livestock sustenance water is taken from FAOSTAT database. 
Then table 5 is prepared. 

 

Table 5: Water requirement for Drinking, Sanitation & Clothes for 
Human Population and Grazing systems livestock sustenance. 

5. WATER AVAILABILITY 

Water availability for one year is taken as the normal rainfall 
(average of the past thirty or so years) falling uniformly distributed 
between the rainfall isohyets. Run off is calculated as per Strange’s 
average catchments criteria (Subramanya K) for all the watersheds. 
Run on is calculated after due considerations for daily evaporation 
during spell of rainy days. See table 6 for details. Row 1 of table 6 
gives water availability (WA) for all the watersheds. Row 2 the run 
off volumes in million meter cube. Row 3 run on volumes 
(available in vadose zones, saturated zones and ground water)Row 
5 is obtained from table 3 and table 4 mainly and to which an 
additional requirement as is obtained in table 5 is added for 
drinking water supply , sanitation , clothes and grazing systems live 
stock sustenance. In row 6 , water scarcity is calculated as the ratio 
of water use to water availability. 

6. WATER STRESS AND WATER STRAIN 

Water stress, usually used to describe the degree to which water 
resources are short of meeting the needs of the population of a 
given region / watershed. In this paper M.J.Haddadin’s definition 
of water stress is followed. (Haddadin). Water stress as the number 
of people per unit flow of indigenous water, the unit flow being 
taken as one million cubic meters per year. As such water stress has 
a quantitative value expressed in people per unit flow. This 
definition draws analogy from the science of engineering 
mechanics where the stress in a cross-section of a bar as a result of 
an axial force acting on the bar is defined as the force per unit area. 

Water strain, a phrase introduced to mean the deficit in water 
resources needed to satisfy the needs. If the water availability is 
Wa, and the total need for water is Wn , the water strain is equal to 
(Wa – Wn) / Wn, negative for shortage and positive for surplus. 
This definition ties in with terminology used in engineering 
mechanics where the strain is defined as the elongation / shortening 
of the bar in our above example divided by the original length. See 
table 6 for details. 

 

Table 6: Water Stress and Water Strain in Watersheds 

7. RESULTS AND DISCUSSIONS 

The table 6 shows most of the results. The following can be said: 

a. The water stress, water strain, water scarcity, run off, run on 
ratios , can be used as indicators of water use of a watershed to 
even as small as 20 kmx 20km(say) 

b. Indicators like water stress and water strain point to ground 
water mining possibilities when large number of people use unit 
flow of water and have negative values for water strain. For ex 1: 
watershed 4D4C2 (LB Tungabhadra) in North transition zone is in 
severe water use scenario. This watershed is in fact situated in the 
near distance of back waters of Tungabhadra project’s reservoir 
which irrigates more than six lakhs of hectares downstream. For ex 
2: The water strain of watershed 4D4B1 (Meruru4) in North Dry 
Zone tends to mine ground water in 2002 relative to 1998. 

c. C. An analysis like these done in this paper can easily be 
extrapolated to understand water markets as is analyzed in IDPAD 
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studies (Arabinda Misra) in India. These studies use NSSO data 
and ICSSRIDPAD research data. 
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ABSTRACT:  
 
Energy-water-carbon cycle is the central theme of biosphere-atmosphere interaction to understand the response and feedback processes in a 
climate system. The crop response in a semi-arid climate is frequently encountered by water scarcity due to maldistribution of rainfall or 
lack of irrigation water leading to low agricultural productivity. The characterization of water stress over large agriculture using thermal 
regime over crop surface in periodic manner throughout crop growth cycle is thus extremely important. Though, conventional 
measurements with Lysimeter keep record of field and soil specific water balances in root zone but cannot be extrapolated to larger area. 
The combination of optical band data in terms of albedo, NDVI threshold based emissivity and thermal band data in terms of Land Surface 
Temperature can represent evapotranspiration (ET) through energy balance approach over a spatial domain. Energy balance estimates 
derived from MODIS AQUA were validated with in situ attented and unattended observations for two wheat seasons, 2005 - 06 and 2006 - 
07, within a 5km x 5km wheat growing region of Kheda district in Gujarat. Daily AQUA evapotranspiration estimates in terms of daytime 
latent heat fluxes were found to have root mean square error (RMSE) 29 Wm-2 (r = 0.72) and 26 Wm-2 (r = 0.8), respectively as compared 
to attended measurements during both the seasons. Correlation was substantially more and RMSE were less when estimates were 
compared with in situ measurements using Large Aperture Scintillometer (LAS) sensible heat fluxes. 
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1. INTRODUCTION 

The crop response in semi-arid agro-ecosystem is frequently 
encountered by water scarcity due to maldistribution of rainfall or 
lack of irrigation water or its timely availability. It gives low 
productivity to overall growth in agriculture. The characterization 
of water stress over large area agriculture using thermal and 
radiation regime over crop surface in periodic manner throughout 
crop growth cycle is extremely important. Though, conventional 
measurements with lysimeter keep record of field and soil specific 
water balances in root zone but cannot be extrapolated to larger 
area. The ground based micrometeorological or Bowen ratio towers 
having net radiometer at one height and temperature, humidity, 
wind speed sensors at multiple heights are also used to compute 
energy budget components to derive stress behavior over relatively 
larger area depending on the fetch (Shekh et al., 2001). Most of the 
times, the ground based equipments lose the proper calibration and 
become non-functional in the long run. These are rather more 
useful to derive crop and soil specific parameters and coefficients 
required to calibrate soil-atmosphere-vegetation-transfer (SVAT) 
models to simulate energy balance components. The concomitant 
use of satellite optical and thermal data directly or their 
assimilation through SVATs is useful to represent water stress on 
pixel-by-pixel basis using energy balance approach for regular 
monitoring on a regional scale (state level). 

Land surface temperature (LST) is a good indicator of the 
evaporation from the Earth’s surface and the so-called greenhouse 

effect because it is one of the key parameters in the physics of land-
surface processes on a regional as well as global scale. It acts as a 
link for surface-atmosphere interactions and energy fluxes between 
the atmosphere and the ground (Mannstein, 1987; Sellers et al., 
1988). Therefore, it is required for a wide variety of climatic, 
hydrological, ecological and biogeochemical studies (Camillo, 
1991; Schmugge and Becker, 1991; Running, 1991; Running et al., 
1994; Zhang et al., 1995). Another important surface parameter is 
expressed in terms of the Normalized Difference Vegetation Index 
(NDVI), derived from the red and near infrared (NIR) channels in 
electromagnetic spectrum (Tucker et al., 1984). The NDVI 
represents amount of greenness and fractional vegetation cover 
(Tucker et al., 1984; Tucker et al., 1986) and is an indicator of leaf 
area index and energy partitioning between canopy and soil below. 
Thus, the combination of optical bands data in terms of albedo, 
NDVI threshold based emissivity and thermal signatures in terms 
of LST from satellite platform can generate evapotranspiration on 
spatial scale through energy balance approach. Regional 
evapotranspiration is, therefore, important to understand energy, 
water and carbon cycles and their relevance to climate change 
studies. As a subset of that, the present study was undertaken with 
the following objectives : 

 To implement a simplified single-source energy balance 
scheme with MODIS TERRA (11.00hrs) and AQUA 
(13.30 hrs) optical and thermal data. 
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 To assess the accuracy of energy balance estimates with 
respect to measurements over semi-arid wheat 

2. MATERIALS AND METHODS 

Intensive diurnal measurements on energy balance components 
were made in situ portable Bowen ratio observations in replicates 
as well as area averaged unattended observations from Large 
Aperture Scintillometer (LAS) within a  5km x 5km wheat growing 
region of Kheda district in Gujarat. This validation experiment was 
carried out for two consecutive wheat seasons, 2005-06 and 2006-
07. 

2.1 Approach for Estimating Surface Energy Balance Com-
ponents and Evapotranspiration  

Actual evapotranspiration (AET) or ET can be estimated from 
latent heat fluxes (λE) and latent heat (L) of evaporation. Latent 
heat flux (λE) is generally computed as a residual of surface energy 
balance. A single (soil-vegetation complex as single unit) source 
surface energy balance can be written as 

 MHGRnE −−−=λ                  (1)  

The energy component for metabolic activities (M) is very small 
and hence can be neglected. The equation 1 can be rewritten as  

HGRnE −−=λ                (2) 

Rn   = net radiation, H   = sensible heat flux,  G  = ground heat 
flux,  Q  = net available energy Q .  

Assuming energy balance closure at any instance during a day, 
equation 2 can also be written as   

( ) insinsins GRn Λ−=Λ= ..QλE insins                (3) 

Where insΛ  = instantaneous evaporative fraction 

2.2 Estimation of  insΛ  

In the present study,  insΛ  was estimated from LST- albedo two 
dimensional scatterogram using techqnique given by Roerink et al. 
(2000) and further used by Verstraeten et al. (2005) over European 
forest with NOAA AVHRR data and by Mallick et al. (2009) over 
Indian agroecosystems using MODIS AQUA data. LST and albedo 
from MODIS TERRA and AQUA observations corresponding to 
overpass timings, 11: 00-11:30hrs and 13:00-13:30hrs Local Mean 
Time (LMT) respectively was used to derive insΛ . 

2.3 Estimation of insQ  

Instantaneous net available energy    

insinsins GRnQ −=            (4) 

insG  = instantaneous ground heat flux 

Clear sky instantaneous net radiation ( insRn ) was computed from 
surface radiation budget. 

inssins RnlRnRn −= ins                (5) 

insRns    = instantaneous net shortwave radiation (Wm-2) 

=  )1(sin α−= insRsRn s                (6) 

α = surface albedo which was computed by converting seven 
narrow-band optical reflectances using coefficients given by Liang 
(2002)    

insRs  = instantaneous insolation (Wm-2) computed using WMO 
clear sky model  

b
ins SINIaRs ).(.. 0 γε=                          (7)  

The coefficients, ‘a’ and ‘b’ were worked out to be 0.75 and 1.28 
over Indian sub-continent by Mallick et al (2009)  

Where      I0      = solar constant = 1367 Wm-2 

 = sun-earth distance correction factor 

 γ     = sun elevation angle 

 insRnl  = instantaneous net longwave radiation   

 (Wm-2) 

 =  downwelling longwave – outgoing longwave 

 = 44
ssaas TT σεσεε −   

sT  = land surface temperature (K). Here, MODIS land surface 
temperature (LST) products from TERRA and AQUA were used. 

σ = Stephan-Boltzmann constant (5.67 X 10-8   Wm-2S-1K-4) 

sε   = surface emissivity was estimated from NDVI based method 
given by Van de Griend and Owe (1993) 

aε  air emissivity estimated from air temperature using empirical 
model given by Campbell and Norman (1998). 

Air temperature ( aT ) at satellite overpass was estimated from 
NDVI-LST 2D triangular scatter by extracting LST at maximum 
NDVI within a spatial domain of 20 x 20 pixels. 

Instantaneous ground heat flux ( insG ) was estimated as: 

[ ])978.01)(0062.00032.0()15.273( 42 NDVITsRnins ++⎥⎦
⎤

⎢⎣
⎡ − αα

α
 

Bastiaanssen et al. (1998)                                                     (8) 

The conversion of instantaneous net radiation and net available 
energy to daytime estimates was made using a sinusoidal integral 
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function. The daytime average latent heat fluxes were computed 
from day time net available energy and constant evaporative 
fraction hypothesis. 

3. RESULTS AND DISCUSSION  

3.1  Net Radiation 

The estimates of instantaneous and day time Rn using MODIS 
TERRA and AQUA LST, NDVI, albedo were compared with in 
situ measurements. Error statistics comprising of bias, MAE, 
RMSE are presented in Table 1 (a) for instantaneous and Table 1 
(b) for daytime estimates. 

These varied between 12 -14 Wm-2, 31- 35 Wm-2, 38-48 Wm-2, 
respectively at TERRA overpass.  

Error Statistics (Wm-2) MODIS 
Overpasses Bias MAE RMSE 

Correlation 
Coefficient ( r )

At 
TERRA 

    

2005-06 22 71 76 0.67 
2006-07 16 41 50 0.47 
Pooled 20 59 67 0.44 
At AQUA     
2005-06 10 31 35 0.85 
2006-07 15 44 49 0.92 
Pooled 12 36 40 0.88 

Table 1a: Error Statistics of Instantaneous Net Radiation 
Estimates 

Error Statistics (Wm-2) MODIS 
Overpasses Bias MAE RMSE 

Correlation 
Coefficient (r) 

At TERRA     
2005-06 12 31 38 0.86 
2006-07 14 35 48 0.86 
Pooled 13 33 42 0.86 
At AQUA     
2005-06 8 49 45 0.87 
2006-07 19 86 92 0.92 
Pooled 14 62 71 0.88 
TERRA 
+AQUA 14 47 58 0.93 

Table 1b: Error Statistics of MODIS Based Daytime Average 
Net Radiation Estimates 

The overall correlation coefficient (r) was found to be 0.86 with 
datasets pooled over both the seasons for TERRA overpasses 
producing RMSE of the order of 42 Wm-2. At AQUA overpasses, 
the bias, MAE, RMSE varied from 8-19 Wm-2, 49-86 Wm-2 and 
45-92 Wm-2, respectively with overall  r = 0.88. The RMSE over 
pooled datasets was 71 Wm-2. The RMSE over pooled estimates of 

insRn at TERRA and AQUA overpasses were found to be 58 
Wm-2 with r = 0.93   Figure 1a. The daytime Rn estimates from 
TERRA showed 16-22 Wm-2 bias, 41-71 Wm-2 MAE and 50-76 
Wm-2 RMSE with ‘r’ varying between 0.47 – 0.67. The RMSE for 
pooled estimates with two year TERRA datasets was 67 Wm-2. The 

bias, MAE and RMSE for daytime Rn estimates from AQUA were 
found to be 10-15 Wm-2, 31-44 Wm-2 and 35-49 Wm-2, 
respectively with ‘r’ varying between 0.85 - 0.92. The RMSE over 
AQUA pooled estimates was 40 Wm-2 (12% of mean). Though the 
error of instantaneous net radiation at TERRA overpasses were less 
than those at AQUA overpasses, but the errors from daytime 
estimates were less in AQUA than those from TERRA. The 1:1 
validation plot of AQUA estimated daytime Rn and measured Rn 
is shown in Figure 1b. 

The daytime estimates were generated from single clear sky 
instantaneous estimates from either TERRA and AQUA using 
sinusoidal integration. It was found by earlier workers that daytime 
net radiation estimates from single morning (10.30 to 11.00 AM) 
and afternoon (14.00 to 15.00 hrs) estimates showed 
overestimation  (Bisht et al., 2005) and underestimation (Nishida et 
al., 2003). 

 

 

Figure 1. Validation Plot of Estimated and Measured (a) 
Instantaneous (TERRA+AQUA) and (b) Daytime Net Radiation 
(AQUA only) 

Only, noon time estimates (at 12.00 to 13.00 hrs) can lead to better 
representation of daytime net radiation when atmospheric boundary 
layer becomes fully developed. The resulting error from AQUA 
daytime estimates is little higher than obtained over homogenous 
agro-ecosystems (Mallick et al., 2009) in India. Though it is higher 
than the errors over sparse and heterogeneous agro-ecosystems in 
LASPEX region with NOAA AVHRR data, the overall RMSE is 
lower than globally reported error in daytime net radiation 
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estimates (Gupta et al., 2001) obtained by several workers with 
NOAA AVHRR (Hurtado and Sobrino, 2001) and MODIS 
TERRA (Bisht et al., 2005) optical and thermal data. 

3.2  Using Area Integrated Sensible Heat Fluxes from LAS 

Sensible heat flux is very critical in properly representing Bowen 
ratio to compare λE estimates at moderate spatial scale (~1km). 
Moreover, frequent change in sensible heat fluxes over 1 sq. km 
area due to frequently changing stability, instability conditions 
specially in semi-arid climate (Chehbouni et al., 2000) may not be 
sufficiently represented through one or two Bowen ratio samples 
within the study area at each hour. Rather area averaged sensible 
heat flux measurements over MODIS 1 sq. km pixel along with 
measurements on Rn and G can represent better in situ λE while 
validating its satellite based estimates.  

As a follow up to that, instantaneous and daytime λE estimates 
were compared with limited λE generated through area averaged 
‘H’ from large aperture scintillometer (LAS). The percent error 
was drastically reduced to 9% of mean having absolute RMSE 29 
Wm-2 with increase in r (= 0.97) for TERRA and AQUA Figure 2.  

 

Figure 2. Validation of TERRA and AQUA ‘λE’ Estimation 
with in situ Measurements when area Averaged LAS ‘H’ was 
used 

The seasonal variation of instantaneous estimates from TERRA-
AQUA and LAS measurements showed close resemblance in 
Figure 3. The daytime estimates also showed increment in 
accuracy (RMSE = 27 Wm-2) even with limited LAS datasets 
(n=8) and correlation coefficient was also increased to 0.85.  

 

 

Figure 3. Temporal Comparison of Instantaneous λE estimates 
from TERRA and AQUA and LAS Measurements 

The comparison of daytime AQUA λE estimates and area averaged 
λE using LAS ‘H’ showed a good match in  Figure 4.  

 

 

Figure 4. Comparison of Estimated and Measured Daytime 
Latent Heat Flux with AQUA and LAS 

CONCLUSION 

The accuracy of MODIS AQUA based energy balance estimates 
was better than TERRA for daytime averages. Accuracy of λE 
estimates was improved (9 % of measured mean) when compared 
with in situ measurements with large area averaged sensible heat 
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fluxes from LAS. The correlation coefficient between estimates 
and measurements was also improved (r = 0.97). Partitioning of 
system evapotranspiration needs to be attempted in future using 
two-source energy balance formulation to derive soil evaporation 
and canopy transpiration. 
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ABSTRACT:  
 
Plants have the unique ability to convert the incoming flux of solar energy into useful dry matter, in the form of food, fodder or biofuel. 
Available net radiation is mainly partitioned into latent heat (LE), sensible heat (H) and ground heat (G). Bowen ratio is the ratio of sensible 
and latent heat fluxes. Data collected from the field experiment conducted at Regional Agricultural Research Station, Jagtial during Rabi 
2008-09 was used in the study. Bowen ratio (B), Net radiation (Rn), Sensible heat flux (H) and Latent heat flux(LE) was computed using 
actual vapor pressure and temperature and latent heat flux was computed using Bowen ratio.  Results revealed that, among different 
phenophases of rice lower Bowen ratio (0.63) was observed during panicle initiation followed by heading (0.654) and maturity (0.751). 
Higher LE component of energy balance indicates the higher biomass production of rice during Rabi season.  
 
 

1. INTRODUCTION 

Rice (Oryza Sativa L.) is the major staple food for a large 
proportion of world’s population. On an average, rice accounts for 
27 percent of all cereal food grain production (Wayne Smith 1995). 
Asia accounts for about 90 percent of the world’s rice area and 
production. Rice, the most important crop of India, is grown on 
area of 44.88 M ha with annual production of 87.37 lakh tonnes 
with productivity of 1947 Kg.ha-1. In Andhra Pradesh it is 
cultivated on an area about 4.19 M ha with annual production of 
116.8 lakh tonnes with productivity of 2782 kg.ha-1 

(http://drdpat.bih.nic.in/PA-Table-01-Andhra Pradesh.htm). Solar 
radiation plays a vital role in plant growth, development and 
production. Plants are the efficient biological converters of solar 
energy into biomass. Radiation defines the yield of a crop in 
particular region. Net radiation is partitioned into three components 
namely ground/soil heat flux which is the transfer of sensible heat 
in the soil towards the surface or away from the surface  
(negligible, assumed to be zero in the paddy field as it is grown in 
puddled soils), Sensible heat flux which is the process where heat is 
transferred from the Earth’s surface to the atmosphere by 
conduction and convection, Latent heat flux moves energy when 
solid and liquid water are converted into vapour (also called Latent 
heat of evaporation). These are the important components which 
decide the productivity of a crop. Hence, an attempt has been made 
to study the energy balance components of puddled rice in this 
paper 

2. MATERIALS AND METHODS 

A field experiment was conducted during rabi-2008 at Polasa farm, 
RARS Jagtial, Andhra Pradesh. The study site is situated at 18 
o50'18.1” N  Latitude  78 o 56' 47.7" E longitude with an altitude of 
248.4 m above MSL. The rabi crop was sown on 21.12.2009, 
transplanted on 21.01.2009 and harvested on 4.5.2009. The crop 
was raised adopting recommended package of practices for rice in 
the region.  The weather parameters above the crop canopy was 
recorded at two heights i.e., at 10 and 50 cm above the canopy at 
different stages of the crop. The dates for collection of the weather 
parameters over the crop were fixed in such a way that they would 

coincide with the Intensive Observation Periods (IOP) of the 
AWiFS satellite pass over the region. Weather parameters like 
temperature, relative humidity, dewpoint temperature are recorded 
using Kestrel 4000 portable weather tracker. Two weather trackers 
are arranged above the crop at two heights with similar date and 
time are set such that they record the data at every one hour interval 
from 9.00 to 16.00 hrs IST. The difference between Rn and G is the 
energy transported upward by Sensible Heat (H) and Latent Energy 
(LE). The Bowen-ratio (β) is the ratio of H to LE (Bowen, 1926). β 
is also a function of the heat capacity and density of air and vapor 
pressure (Monteith and Unsworth, 1990). These energy balance 
components and Bowen ratio were computed using the 
methodology suggested in FAO Irrigation and Drainage Paper No. 
56. 

3. RESULTS AND DISCUSSION  

3.1 Variation of Bowen Ratio 

The Bowen ratio represents the sharing of the residual energy 
between sensible heat transfer to the atmosphere and latent heat. 
During the crop growth period Bowen ratio at physiological 
maturity (PM) was maximum (0.751) compared to other stages and 
minimum (0.183) in case of the just transplanted crop (Table.1).  

IOP 
Dates 

Stage of the 
Crop Rn Br LE H 

23rd Jan Transplanting 8.23 0.183 6.96 1.272 

3rd Mar 
PI (Panicle 
Initiation) 

10.80 0.631 6.62 4.181 

4th Apr 
HD 
(Heading) 

12.18 0.654 7.36 4.816 

28th Apr

PM 
(Physiological 
Maturity) 

11.68 0.751 6.67 5.010 

Table 1: Net Radiation (Rn), Bowen Ratio (B), Latent Heat and 
Sensible Heat (H)   Observed at Different Stages of Rice During 
Rabi 2008-09 
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When the Bowen ratio approaches zero, then almost all the energy 
available is used in evapotranspiration. In case of diurnal variation 
of Bowen ratio during panicle initiation (PI) stage it was maximum 
at 11:00 Hrs IST (0.875) and minimum at 9:00hrs IST (0.1), during 
heading (HD) maximum Bowen ratio was observed at 10:00 Hrs 
IST (0.771) and minimum at 12:00 & 9:00 Hrs IST (0.168) and 
during physiological maturity (PM) maximum and minimum 
values for Bowen ratio (B) are observed at 16:00 (0.595) and 10:00 
Hrs (0.14) of IST respectively. When the mean values for diurnal 
variation of Bowen ratio were considered the increase was 
progressive from 9:00 Hrs IST to 14:00 Hrs IST was observed and 
maximum value was observed at 14:00Hrs IST and minimum 
value for Bowen ratio was observed at 9:00Hrs IST. (Table.2). 

Hourly 
Intervals PI HD PM Mean 

9:00 0.1 0.168  0.404 0.27 
10:00 0.322 0.771            0.14   0.323 
11:00 0.875 0.352 0.244 0.45 
12:00 0.685 0.168 0.275   0.498 
13:00 0.348 0.175 0.379   0.449 
14:00 0.218 0.556 0.413   0.616 
15:00 0.191 0.447 0.346   0.299 
16:00 0.3 0.401 0.595   0.328 

Table 2: Diurnal Variation of Bowen Ratio (B) in Different 
Stages of the Rice During Rabi 2008-09 

3.2 Variation of Energy Balance Components 

Net radiation was maximum (12.18) during the heading (HD) stage 
and minimum (8.23) in just transplanted crop. In case of sensible 
heat flux maximum (5.01) was observed during physiological 
maturity (PM) and minimum (1.272) in just transplanted crop and 
latent heat flux was maximum (7.36) during heading (HD) and 
minimum (6.62) during panicle initiation (PI) stage (Table1. & 
Fig.1). 

CONCLUSION 

From this study, it can be concluded that maximum LE was 
observed during HD stage, which is the peak biomass 
accumulation stage. The management practices like selection of 
crop variety, water and nutrient management practices need to be 
worked out for converting available net radiation towards the 
higher biomass production 
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ABSTRACT:  
 
Dielectric constant values of the samples of soil of Alwar (at various moist states) have been calculated using wave guide cell method at a 
single microwave frequency 9.78 GHz at 330C. The Backscattering coefficients for rough and bare soil surfaces 0

soilσ  are calculated by 
Small Perturbation Model (SPM). Fresnal reflectivity of  the soil surfaces which is an input parameter for SPM is calculated using the 
values of dielectric constant of the soil (at different wetness) and observation angle as input parameters. The roughness of soil in SPM is 
characterized by RMS height and correlation length and isotropic Gaussian auto correlation function. The radar backscattering coefficient 
of vegetative soil surface is determined by water cloud model.  The total back scattering coefficient is calculated adding the contribution of 
the vegetation, 0

vegσ  and that of the modified effect of   underlying soil. The effect of vegetation canopy on the backscattering from bare 
soil surface is modified by a parameter vegetation transmissivity τ. The present study reveals that radar backscattering coefficient for bare 
soil surface 0

soilσ  and vegetative soil surface 0
ppσ   has a respective correlation with SMC of the soil. Further,

0
soilσ  and 0

ppσ decrease as the 
angle of observation increases.  
 
 

                                                                 
∗contactvkg@yahoo.co.in 

1. INTRODUCTION 

On earth’s surface soil moisture content (SMC) and vegetation 
water content (VWC) are the important state variables which 
control most of physical processes dominant in the hydrosphere, 
atmosphere, geosphere, and biosphere (e.g. ecosystem dynamics, 
biogeochemical cycles). Knowledge of SMC is a fundamental 
requirement in so many applications of the field of Agriculture, 
forestry, water and soil management, drought and flood forecasting 
and civil engineering. SMC serves a critical role in shaping the 
ecosystem response to the physical environment. Near-surface soil 
moisture controls the partitioning of available energy at the ground 
surface into sensible and latent heat exchange with the atmosphere 
and thus linking the water and energy balances through the 
moisture and temperature states of the soil. Adequate knowledge of 
the distribution and linkage of soil moisture to evaporation and 
transpiration is essential to predict the reciprocal influence of the 
land surface processes to weather and climate. Thus, the climate 
and agricultural yield on earth’s surface are inter- related to each 
other and the knowledge of SMC is essential to understand the 
relationship.  

Microwave remote sensing is an important tool to monitor and 
measurement of SMC, VWC of agricultural field because SMC 
and VWC affect the dielectric properties of the soil and vegetation 
greatly. The basic observable parameter at the sensor in active 
microwave remote sensing is radar backscattering coefficient 
which a is strong function of dielectric properties of soil and 
vegetation. The sensitivity of microwave backscattering to soil 
moisture and vegetation biomass has been proved in several 
experimental and theoretical studies as given by Ulaby, et al (1986) 

and Paloscia. et al. (1999).  In the present study the radar 
backscattering coefficient, at different volumetric SMC levels of 
soil and at VWC value corresponding to the growing stage of 
wheat crop are calculated using Small Perturbation Model 
developed by Engman and Wang (1987). 

2. METHODOLOGY AND THEORY 

Samples of soil are oven dried at 1100 C for twenty four hours. 
Desired percentage of distil water is mixed with these oven dried 
samples corresponding to different SMC levels of soil varying 
from 0 to 40 % (volumetric).Time of setting was twenty-four 
hours. Dielectric constant values (real and imaginary parts) are 
determined at a single microwave frequency 9.78 GHz using the 
shift in minima of standing wave pattern in side the slotted section 
of rectangular wave guide excited in TE10 mode. The experimental 
set up theory and procedure for the present work is the same as is 
used earlier by Yadav and Gandhi (1992) and Jangid et al (1996) as 
shown in figure 1.  

The dielectric constant (ε') and dielectric loss (ε״) values for soil 
samples are determined using the following equations (1) and (2) 
respectively 
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Where λ0, λc, and λd are the free space wavelength, cut off 
wavelength (λc=2a) and wave length in the dielectric medium 
respectively for the wave-guide excited in TE10 mode. αd is the 
attenuation introduced per unit length of  the material (napers per 
meter). βd is the phase shift introduced per unit length of material in 
radian per meter.  

 

Figure 1. X-band Experimental Set-up 

The surface reflectivity may be computed from the knowledge of 
the dielectric constant of the medium and the surface boundary 
condition. Here the Rhh(θ) is the Fresnel reflectivity of smooth soil 
surface for horizontal-horizontall polarization may be derived from 
electromagnetic theory as given by Kong (1990) and is represented 
by the  following equation(3). 
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Where ε is the magnitude of the complex permittivity ε* followed 
by the equation (4). 

"'* εεεε j−==                                   (4)    

In our present investigation backscattering from slightly rough soil 
surface is calculated by Small Perturbation Model developed by 
Engman and Wang, 1987 as given by equation (5). 

|)(|)sin(exp.cos)()(4 24220 θθθσ hhsoil Rklklks −=       (5) 

where ‘k’ is wave number of microwave and‘s’ is RMS height and 
‘l’ is correlation length of the surface.  │Rhh(θ)│ is the horizontal-
horizontal  Fresnel reflectivity given by equation (3). Here 

])sin(.[exp2/ 22 θkll −  is the normalized roughness 
spectrum evaluated for isotropic surface, drive from the Bessel’s 

transformation of correlation function )/exp()( 2 lξξρ = . 

The radar backscattering coefficient of vegetative soil surface is 
determined by water cloud model. This is a first order canopy 
backscattering model developed by Attema and Ulaby (1978). 
Canopy is treated as water cloud consisting of a collection of 
identical water particles characterized by a uniform scattering 
phase function. Ignoring the second order contributions resulting 

from multiple scattering between the canopy particles and soil 
surface and assuming the scattering water particles to be uniformly 
distributed within the canopy volume Attema and Ulaby (1978) 
derived an expression for backscattering coefficient by integrating 
the backscattering contribution of thin strata between the air–
vegetation boundary and vegetation-soil boundary.  

According to the model, the total power scattered at a co-polarized 

channel pp, 
σ p p

0
 is the incoherent sum of contribution of the 

vegetation ( 0
vegσ ) and that of the underlying soil (σ soil

0
), which 

is attenuated by the vegetation layer as given by equation (6). 

σ p p
0

= 0
vegσ     +   τ2

  
σ soil

0
                             (6) 

0
vegσ  is backscattering coefficient from vegetation which is 

calculated with help of vegetation dependent parameters “A” and 
“b” as given by below equations(7)  and (8).  

0
vegσ = )1(cos 2τθ −vAm                            (7)   

And )sec2exp(2 θτ cbw−=                            (8) 

Where mv is the volumetric SMC of the soil and  τ2 is called the 
two-way transmissivity of the vegetation layer which is also  a 
function of vegetation parameter b, Wc and observation angle.   τ2 
describes the attenuation that a wave experiences when it travels 
two times through the canopy. 

Here ‘A’ represents the vegetation scattering; b represents 
vegetation attenuation and cw  is the VWC. These parameters can 
be determined from remote sensing data or ground base 
experimental observations.  In the present investigations these 
vegetation dependent parameters of agricultural vegetation are used 
according to Bindlish and Barros (2001) as replicated from the 
Washita’ (1994) field data. Washita experiment was conducted 
during April 1994, for the site characterization and 
parameterization for both vegetated and bare soil areas, using radar 
data. This was a joint exercise by NASA, USDA, and Princeton 
University. 

Values of vegetation parameters used in the semi empirical model 
for winter wheat crop are as A=0.0018,b=0.138, Particular value of 
Wc =1.38 is used in  the present study  as replicated by Bindlish 
and Barros (2001) by Washita’(1994) field data. The values of Wc 
varies between less than 1.0 kg/m2 (light vegetation starting stage) 
to more than 4.0 kg/m2 (full developed stage) for winter wheat crop 
as given by Hui et al. (2008). 

3. RESULTS 

The variation of radar backscattering coefficient of bare soil 
surface ( 0

soilσ ) at different observation angles varying from 00 to 
800 is shown in the below figure 2.  
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Figure 2. Variations of 0
soilσ  w.r.t % SMC (Volumetric) 

It reveals from fig 2 that the value of 0
soilσ  increases slightly as 

SMC in soil increases and 0
soilσ  decreases as the angle of 

observation increases. Variation is significant at lower observation 
angles. Hence, a good correlation exists between the variations of 
the backscattering coefficient and the corresponding values of the 
SMC. 

The variation of radar backscattering coefficient of 0
hhσ  

vegetative soil surface    for horizontal-horizontal polarization and 
at different observation angles varying from 00 to 800  is shown in 

the figure 3. It is evident from figure that the value of 0
ppσ  or 

0
hhσ   increase as SMC in soil increases at all observation angles. 

Further, the value of 0
hhσ  decreases as angle of observation 

increases.  
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Figure 3. Variation of 
0
hhσ  w.r.t % SMC (Volumetric) 

It is pointed out here that the sensitivity of 0
ppσ  to vegetation 

biomass depends on crop type and observation parameters 
(frequency, polarization, incidence angle. Thus, a simple 
observation at a single-frequency single-polarization can be of little 
relevance. 

However, once the crop type has been identified, vegetation 
biomass, represented by plant water content or leaf area index, can 
be retrieved. 

CONCLUSION 

The effect of a significantly vegetated surface is to increase the 
backscatter compared to a bare surface. Here this effect is relatively 
large at the higher observation angles for co-polarized channel. The 
degree to which vegetation affects the backscattering coefficient 
depends on several factors:  SMC vegetation biomass, canopy type 
and configuration and crop condition. Thus, using a suitable 
retrieval algorithm these factors may be obtained by active 
microwave remote sensing data. The net effect of the vegetation is 
reducing the sensitivity of soil moisture to the back scattering. This 
effect increases as angle of observation increases. Hence the 
present study is very important. The drought monitoring and flood 
forecasting for a soil surface is possible by using active microwave 
remote sensing because dependency of back scattering coefficient 
on SMC.    
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ABSTRACT:  
 
The objective of this study is to develop land cover classification algorithm suited for the eastern Asia by using multi-temporal MODIS 
land reflectance products; Surface Reflectance 8-Day L3 product and Nadir BRDF-Adjusted Reflectance 16-Day L3 product. In this study, 
land cover maps derived from these two kinds of source data products are generated and compared. Time-domain co-occurrence matrix is 
introduced as a classification feature that represents time-series signature of land covers. As results, Nadir BRDF-Adjusted Reflectance 
product showed higher classification accuracy than Surface Reflectance 8-Day L3 product. Furthermore, those products produced good 
land cover maps than MODIS land cover product for the target classification area. 
 
 

1. INTRODUCTION 

Land cover maps of Global and/or continental scale are basic 
information for many kinds of applications, i.e. global change 
research, modeling, resource management, etc. Several kinds of 
global land cover maps has been generated, such as IGBP 
DISCover Global Land Cover, UMD Global Land Cover, and 
MODIS Land Cover, etc., and these products have been distributed 
widely. However, accuracies of these global land maps were not 
sufficiently high. Most of these land cover maps were generated 
mainly using NDVI and its seasonal changes. However, NDVI data 
lose most of information contents which were originally included 
in many channels. NDVI or similar indexes are generated by only 2 
or 3 channels and in addition they lose the brightness information. 
Therefore, we have tried to develop land cover maps suited for the 
eastern Asia by using multi-temporal MODIS land reflectance 
products. There are two kinds product of Surface Reflectance 8-
Day L3 product and Nadir BRDF-Adjusted Reflectance 16-Day L3 

product. Both are composed of 7 spectral bands ( 620-670nm, 841-
876nm, 459-479nm, 545-565nm, 1230-1250nm, 1628-1652nm, 

and 2105-2155nm) with 500m ground resolution. The former is the 
atmospheric corrected surface reflectance, while the latter corrects 
the BRDF effects in addition to the atmospheric correction. In this 
report, these products are called SR product and NBAR product, 
respectively. 

2. STUDY AREA AND SOURCE DATA SET 

The target area set in this study covers around 10,000 km x 6,700 
km of 0-60 degree north for latitude direction and 60-150 degree 
east for longitude direction as shown in Figure 1a. The target 
region is covered by 51 sinusoidal projection grids which are 

distribution granule of SR (MYD09A1.5 Surface Reflectance 8-

Day L3) and NBAR (MCD43A4.5 Nadir BRDF-Adjusted 

Reflectance 16-Day L3) products as shown in Figure 1b. The SR 
and NBAR products of 51 sinusoidal projection grids were 
mosaicked and transformed to geographic longitude-latitude 

coordinate system as shown in Figure 2. This processing was 

performed by using MODIS Reprojection Tool (MRT), which has 
been distributed from Land Processes DAAC. Because SR and 
NBAR products have been produced in eight-day period, mosaic 
images of 46 scenes were generated as classification target data set 

for one year of 2007 (in Figure 2b). 

 

Figure 1. Target area and MODIS Products Covered the Region 
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Figure 2. Classification target data set for one year of 2007 
 

3. CLASSIFICATION ALGORITHM 

3.1 Classification Feature 

In this study, time-domain co-occurrence matrix was used as a 
classification feature, which provides time-series signature of land 

covers. Each elements (i, j) of the time-domain co-occurrence 
matrix is defined as probability that two pixels with a specified 
time-separation Dt in the same spatial position have pixel value i 

and j. Conventional co-occurrence matrix (spatial domain co-

occurrence matrix) represents spatial texture while the proposed 
co-occurrence matrix represents time-series signature. 

Figure 4a shows pixel values of annual time-series data conceptual. 
The time-domain co-occurrence matrices shown in Figure 4b are 
derived from this time-series data in the case of one month 
separation. That is, a time-series changing pattern of pixel values 
produces the corresponding probability distribution pattern in the 
matrix. 

Time-domain co-occurrence matrix takes advantage of robustness 
against data loss and noise derived from cloud and undesirable 
fluctuation of calculated reflectance values. Two, four and six 
months as time-separation Dt were examined in this experiment. 

 

a. Definition in Spatial Domain b. Definition in Time- Domain 

 

c. co-occurrence matrix 
 
Figure 3. Co-Occurrence Matrix Definition in Spatial Domain 
and Time Domain 

 

a. Annual Time-Series 

 

b. Time-Domain Co-Occurrence Matrix 
Figure 4. Conceptual examples of time-domain co-occurrence 
matrix 
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3.2 Classifier and Land Cover Classes 

The minimum distance classifier was conducted for time-domain 

co-occurrence matrix. Euclidean distance dE(x,c) and cosine 

distance dn(x, c) between a pixel-x and a class-c were examined in 

this experiments. The distance dE(x,c) and dn(x,c) are defined as 

Eq.(1) and Eq.(2), respectively. 

 
Mx,b(i,j) is a component (i,j) of the time-domain co-occurrence 
matrix measured from band-b in time-series data set for a pixel-x. 
Mc,b(i,j) is that measured from band-b time-series data set for the 
training area of a class-c. Table 1 presents the land cover classes, 
which are same with IGBP Land cover classes.  

 

Table 1. Land Cover Classes (IGBP legend) 
 

4. CLASSIFICATION RESULTS 

Table 2 shows the classification accuracy of category maps 
obtained by our classification experiment. Classification accuracies 
were measured by using test samples of 500 to 5000 pixels that 
were sampled randomly from training area of each individual class. 

In Table 2, overall accuracy means the percentage of samples 
correctly classified among a total test samples. Mean producer's 
accuracy means the category mean of percentage of samples 
correctly classified among test samples belonging to a land cover 
category. And, mean user's accuracy means the category mean of 
percentage of correct samples among test samples classified to a 
land cover category. MOD12Q1 and MCD12Q1 of MODIS land 
cover product are produced by using SR products and NBAR 
products, respectively. Proposed methods using four month time-
separation and Euclidian distance show good performance. In that 
case, NBAR products indicated 93% overall accuracy, 91% mean 
producer's accuracy, and 92% mean user's accuracy. SR products 
indicated a little lower accuracy than those values. Furthermore, 
these accuracies; especially mean producer's and user's accuracy, 

are higher than that of MOD12Q1(2005) and MCD12Q1(2007) 
products. Because test pixels were extracted from training area for 
classification of SR and NBAR products, it is fundamentally 
presumed that the accuracy of MOD12Q1 and MCD12Q1 products 
is lower than that of SR and NBAR products. However, we 
consider that this classification results showed good performance of 
the proposed simple classification method. 

 

Table 2. Classification accuracy. (M.P.:mean producer's, 

M.U.:mean user's) 
 
Figure 5a and Figure 5b show the classification results of SR 
product and NBAR products when two months time-separation and 
Euclidian distance were used. And Fig. 5c shows MCD12Q1 
MODIS land cover product. Target area and Kanto region 
including Tokyo are represented in Figure 5, respectively. 

CONCLUSION 

Land cover classification were performed by using multi-temporal 
MODIS reflectance products. The proposed time-domain co-
occurrence matrix showed good classification performance 
compared with MOD12Q1 and MCD12Q1 MODIS land cover 
product. Especially, the highest classification accuracy was 
obtained when the minimum distance classifier using Euclidean 
distance was drived by the time-domain co-occurrence matrix 
defined by four months time-separation. And also, it was cleared 
that Nadir BRDF-Adjusted Reflectance 16-Day L3 product shows 
a little higher classification accuracy than Surface Reflectance 8-
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Day L3 product. Future study should be carry out in our 
classification scheme in order to increase the classification 
accuracy and to obtain more stable results. 
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ABSTRACT:  
 
In the changing global environment there is a need for an operational system for monitoring of  world food crop production using satellite 
observations. It is useful in two primary missions – food security in developing countries, and forecasting production available for global 
market of agricultural crops. In the present study, grids of size (i) 5ºX5º (ii) 1ºX1º (iii) 30’X30’ (iv) 15’X15’ (v) 7.5’X7.5’ and (vi) 5’X5’ 
were generated and percent crop area was calculated for each grid of all sizes using MERIS landuse/landcover data of 300 m resolution. 
The grid size of 15’X15’ was found to be optimum for global monitoring, as there is not much change in the distribution of the grids after 
reducing the sample size. Using the ‘cumulative square-root of frequency method five stratas was defined, which reduces the variance of 
the population estimate by sampling. 
 
 

1. INTRODUCTION 

To address the massive area to be covered, it is essential to develop 
a sampling strategy for analysis of satellite data. The study was 
conducted to evolve a effective sampling plan for estimation of 
global agriculture and monitoring its condition at various scales. 
The stratification objectives are twofold: (i) reducing the variance 
of estimate and (ii) allowing a regional tuning of the classification 
parameters to take into account the regional characteristics.             

In 1974, the Large Area Crop Inventory Experiment (LACIE) – a 
joint effort of NASA, USDA and NOAA attempted forecasting 
harvests in important wheat producing areas of the world. The 
sampling unit size was 5 X 6 nautical miles and stratified random 
sampling approach was used to get about 2.2 percent sampling 
error and the production estimation to satisfy 90/90 criterion 
(LACIE, 1978). It was later on followed by the project - 
Agriculture and Resource Inventory Survey through Aerospace 
Remote Sensing (AgRISTARS). The goal of AgRISTARS was to 
determine the usefulness, cost and extent to which aerospace 
remote sensing data can be integrated into existing and future 
system. 

 

Figure 1: Agriculture Regions Over the Globe 

2. METHODOLOGY 

As shown in figure 1 and figure 2, the distribution of crop varies a 

lot together with its concentration and vigor. In the present study, 

grids of size (i) 5ºX5º (ii) 1ºX1º (iii) 30’X30’ (iv) 15’X15’ (v) 

7.5’X7.5’ and (vi) 5’X5’ were generated with proper codes for the 

whole world. The grids were generated over the land area  

excluding the Antarctica region. Percent crop area was calculated 

for each grid of all sizes using MERIS land use / land cover data. It 

is  300 m resolution raster data of the Globecover global land cover 

map for the period from December 2004 to June 2006. The data is 

in geographic coordinates in a Plate-Carrée projection (WGS84 

ellipsoid) with image size as 129595 X 64800 pixels.. This global 

Land Cover map is derived by an automatic and regionally-tuned 

classification of a MERIS FR time series. Its 22 land cover classes 

are defined with the UN Land Cover Classification System (LCCS) 

(Bicheron et al., 2008).  

Grid  Size Number of 
Grids 

Agriculture 
Grids 

Per 
cent 

5º   X 5º 1116 597 53.5 
1º   X 1º 18714   9846 52.6 
30’ X 30’ 69012 31526 45.7 
15’ X 15’ 263002 115545 43.9 
7.5’X 7.5’ 1022523 426902 41.8 
5’   X  5’ 2276188 915582 40.2 

Table 1:  Global Grid statistics for crop monitoring 

Total number of grids and the grids having agriculture, obtained 

using various grid sizes are shown in the table-1. Number of grids 

having agriculture in different ranges over various continents are 

shown in table-3. 
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Figure 2. Grids of size 15’X15’ for (a) Africa Continent and (b) 
Ethiopia Country Shown in Five Equal Ranges of Percent Crop 
Cover 

3. RESULTS AND DISCUSSION 

There is wide range of variability in agriculture area over the whole 
world..Table-2 shows the distribution of grids with respect to 
percent agriculture in each grid. More than 50 percent of grids are 
non-agriculture grids. Distribution of  the grids in intervals of 5 
percents shows a skew distribution of the agriculture grids.  

Table 2 and 3 shows that the grid size of 15’X15’ was found to be 
optimum for global monitoring. There is not much change in the 
distribution of the grids after reducing the size from15’X15’. The 
distribution of grids in different continents is seen in table-3. Due to 
large variability in the crop proportion in grids, simple random 
sampling gives high variance in the estimation. The average of all 
grids is 35.8 with a standard deviation and coeff. of variation (CV) 
as 31.3 and 87.5 % respectively. Stratified random sampling 
approach was used for dividing the population into different stratas. 
Based on clustering algorithm, the total number of 15’X15’ girds 
was divided in to six stratas including non- agriculture grids. The 
stratas were defined based on percent agriculture in each grid as 
shown in table-4. They were (i) A : 70-100 % (ii) B : 40-70 % (iii) 
C : 20-40 % (iv) D : 5-20 % (v) E : 0-5 %(vi) X : 0 % (Non-
agriculture). The global data in 15’X15’ grids stratified into six 
stratas is shown in figure 3. 

 

30'X30
' 

15'X15
' 

7.5'X7.5
' 

5'X5
' 

Range of crop(%) Percent of grids in each range 
0 54.32 61.41 64.4 59.8 
 0-5 10.38 8.17 7.0 7.5 
5-10 4.60 3.63 3.2 3.5 
10-15 3.40 2.76 2.4 2.6 
15-20 2.96 2.28 2.0 2.2 
20-25 2.53 2.04 1.8 1.9 
25-30 2.30 1.84 1.6 1.7 
30-35 2.05 1.59 1.4 1.6 
35-40 1.79 1.51 1.3 1.5 
40-45 1.64 1.41 1.3 1.4 
45-50 1.57 1.32 1.2 1.3 
50-55 1.38 1.23 1.1 1.3 
55-60 1.33 1.15 1.1 1.2 
60-65 1.21 1.13 1.0 1.2 
65-70 1.25 1.07 1.0 1.2 
70-75 1.23 1.08 1.0 1.2 
75-80 1.23 1.08 1.1 1.2 
80-85 1.21 1.12 1.1 1.3 
85-90 1.15 1.18 1.2 1.4 
90-95 1.25 1.35 1.4 1.7 
95-100 1.23 1.66 2.3 3.3 

Table 2 :  Comparative Statistics of Crop Proportion in 
Different Sizes of Grids 

Using the ‘cumulative square-root of frequency’ method developed 
by Dalenius & Hodges(1959) the stratas were defined as shown in 
table-5. They are (i) A : 75-100 % (ii) B : 50-75 % (iii) C : 30-50 % 
(iv) D : 10-30 % (v) E : 0-10 %(vi) X : 0 % (Non-agriculture).  
There is a reduction in CVs of all stratas except E type.  

As shown in figure-4, weekly NDVI composites from MODIS data 
over the crop growth period was generated for monitoring crop 
condition at all grid levels. Any anomaly in NDVI may be 
scrutinized further at lower grid level and crop condition can be 
assessed. This will help in drought monitoring and crop condition 
assessment on the global scale. 

 
Figure 4. (a) 1ºX1º and (b) 15’X15’ Grids of Ethiopia Showing 
NDVI  for the Week July 27-Aug 4, 2008 
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CONCLUSION 

The study shows an effective sampling plan for estimation of 
global agriculture and monitoring its condition at various scales. 
The grid size of 15’X15’ was found to be optimum for global 
monitoring. There is not much change in the distribution of the 
grids after reducing the size from 15’X15’. Using the ‘cumulative 

square-root of frequency method five stratas was defined.  This 
reduces the variance of the population estimate by sampling. 
Weekly NDVI composites from MODIS data can be effectively 
used for monitoring crop condition at all grid levels. This will help 
in drought monitoring and crop condition assessment on the global 
scale. 

5º X 5º 0 0-20 20-40 40-60 60-80 80-100 
Asia 39.3 37.8 9.9 7.1 4.0 1.9 
Africa 24.8 56.1 14.0 5.1 0.0 0.0 
Australia 45.8 43.8 4.2 6.3 0.0 0.0 
N America 67.8 26.0 5.4 0.8 0.0 0.0 
S America 16.2 58.1 14.3 6.7 4.8 0.0 
Europe 53.8 18.5 11.8 7.6 8.4 0.0 
Oceania 70.8 29.2 0.0 0.0 0.0 0.0 
World 46.5 36.9 8.9 4.7 2.5 0.5 

1º X 1º 0.0 0-20 20-40 40-60 60-80 80-100 
Asia 16.7 39.4 14.0 10.5 9.2 10.1 
Africa 17.7 51.4 15.5 8.8 4.1 2.6 
Australia 35.9 40.4 7.4 6.5 5.4 4.5 
N America 13.6 60.9 15.9 7.3 2.2 0.1 
S America 7.6 57.6 12.2 9.8 8.2 4.7 
Europe 9.2 29.9 21.4 18.1 12.9 8.5 
Oceania 10.4 75.4 9.0 4.3 0.9 0.0 
World 53.1 23.8 8.9 6.2 4.4 3.5 

30' X 30' 0 0-20 20-40 40-60 60-80 80-100 
Asia 53.0 17.7 8.5 6.3 6.1 8.5 
Africa 43.4 31.7 11.4 6.4 3.9 3.2 
Australia 74.2 13.2 3.2 2.6 3.2 3.7 
N America 73.8 16.4 5.9 2.8 0.9 0.2 
S America 26.2 39.1 11.5 8.4 9.1 5.7 
Europe 46.4 14.8 11.9 10.8 9.5 6.6 
Oceania 42.4 41.8 8.3 4.5 2.2 0.8 
World 54.3 21.3 8.7 5.9 4.9 4.8 

15'X15' 0 0-20 20-40 40-60 60-80 80-100 
Asia 55.2 15.2 7.5 6.0 6.0 10.1 
Africa 47.3 28.2 10.0 6.2 4.1 4.1 
Australia 76.6 10.4 3.0 2.3 3.0 4.6 
N America 74.5 15.1 5.8 3.1 1.1 0.3 
S America 29.8 35.7 10.1 8.4 8.7 7.3 
Europe 45.9 13.9 11.5 10.4 9.7 8.7 
Oceania 28.2 43.3 12.3 8.0 5.3 2.9 
World 61.4 16.8 7.0 5.1 4.4 5.3 

7.5'X7.5' 0 0-20 20-40 40-60 60-80 80-100 
Asia 57.5 13.3 6.5 5.5 5.6 11.6 
Africa 51.8 24.4 8.7 5.9 4.2 5.0 
Australia 78.7 8.5 2.6 2.1 2.7 5.4 
N America 75.6 13.9 5.6 3.2 1.3 0.5 
S America 34.4 31.2 9.5 8.1 8.3 8.5 
Europe 45.8 13.9 10.6 9.6 9.7 10.5 
Oceania 20.3 38.9 15.0 10.7 8.6 6.5 
World 64.4 14.6 6.1 4.7 4.1 6.1 

5'X5' 0 0-20 20-40 40-60 60-80 80-100 
Asia 58.9 12.2 6.0 5.1 5.4 12.3 
Africa 54.1 22.5 8.0 5.6 4.2 5.6 
Australia 79.8 7.5 2.5 1.9 2.4 5.8 
N America 76.3 13.1 5.3 3.2 1.4 0.7 
S America 37.2 28.8 9.0 7.7 8.1 9.3 
Europe 46.0 13.9 10.0 9.0 9.4 11.7 
Oceania 16.6 36.6 14.9 11.3 10.5 10.1 
World 59.8 15.8 6.7 5.2 4.8 7.7 

Table 3:  Grid Statistics Showing Distribution of Cropped Region for Continents and the World 
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15'X15' Stratas Range (%) No. of grids Percent of grid Avg Std. Dev Coff. of Var. 
X 0 183879 61.4 0 0   
E 0-5 24465 8.2 2.4 1.4 58.6 
D 5-20 25949 8.7 12.1 4.3 35.9 
C 20-40 20908 7.0 29.8 5.8 19.3 
B 40-70 21860 7.3 54.7 8.7 15.9 
A 70-100 22363 7.5 86.8 8.9 10.2 

Table 4: Stratification of 15’ X 15’ Grids for Global Crop Monitoring Using Clustering 

15'X15' Stratas Range (%) No. of grids Percent of grid Avg Std. Dev Coff. of Var. 
X 0 183879 61.4 0 0   
E 0-10 35344 11.8 4.1 2.9 70.73 

D 10-30 26685 8.9 19.6 5.8 29.59 
C 30-50 17466 5.8 40.1 5.8 14.46 
B 50-75 16926 5.7 62.7 7.3 11.64 
A 75-100 19124 6.4 89.1 7.3 8.19 

Table 5:  Stratification of 15’ X 15’ Grids for Global Crop Monitoring Using Square-Root Method 

REFERENCES 

Bicheron P.,Defourny P, Brockmann C, Schouten L, Vancutsem 
C, Huc M, Bontemps S, Leroy M., Achard F, Herold M, Ranera 
F, Arino O. GLOBCOVER: Products Description and 
Validation Report.  2008.   

Dalenius & Hodges JL (Jr) (1959), Minimum variance 
stratification, Journal of the American Statistical Association, 
Vol-54, pp:88-101. 

LACIE Symposium: Proceedings of Technical Sessions 
(Volume –I) (1978), NASA 

ESA Globcover Project led by MEDIAS France/POSTEL 

 

 

 

 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

313 

A CONTINENTAL SCALE VEGETATION INDEX FROM INDIAN GEOSTATIONARY SATELLITE 

Rahul Nigama*, Bimal K. Bhattacharyaa, Keshav R. Gunjala, N. Padmanabhanb and N.K. Patela 

aAgriculture-Forestry and Environment Group, (RESA) Space Applications Centre (ISRO) 
Ahmedabad 380 015, India – (rahulnigam, bkbhattacharya, keshavgunjal, nkpatel)@sac.isro.gov.in 

bData Products Software Group, (SIPA) Space Applications Centre (ISRO) 
Ahmedabad 380 015, India – sacpaddy@sac.isro.gov.in 

KEYWORDS: NDVI, Geostationary, CCD, INSAT, Asia 
 
 
ABSTRACT: 
 
Time series vegetation index is a valuable source to derive several plant biophysical parameters, landuse land cover change dynamics and 
to study climatic behavior. Geostationary satellite sensor is capable of observing earth surface with continental coverage in a single 
snapshot at constant viewing direction with high temporal frequency (half-an-hour). INSAT 3A CCD is the only geostationary sensor to 
acquire regular coverage of Asia continent at 1 kmX1km spatial resolution. A retrieval algorithm of surface reflectances in red, near 
infrared (NIR), short wave infrared (SWIR) and NDVI from INSAT 3A CCD has been defined and integrated in the operational chain. 
This includes (i) vicarious calibration with IRS P6 AWiFS bands (ii) cloud screening based on band thresholds and atmospheric correction 
of at-sensor reflectances using SMAC (Simple Model for Atmospheric correction) models. The atmospheric correction improved the 
NDVI by 5-40% and also increased its range. The temporal dynamics of 16-day NDVI composite at 0500 GMT for a growing year (June 
2008-April 2009) showed matching profiles with reference to global products (MODIS TERRA) over known land targets such as 
agriculture, forest and desert. The root mean square deviation (RMSD) between the two was 0.13 with correlation coefficient (r) 0.8 from 
270 paired datasets. This cross-correlation would help in NDVI calibration to add continuity in long term NDVI database for climate 
change studies. 
 
 

1. INTRODUCTION 

The vegetation indices are derived by combining spectral data in 
different wave bands. The spectral indices are typically a sum, 
difference, ratio or other linear combinations of reflectance factor 
or radiance observation from two or more wavelength intervals 
(Wiegand et al., 1991). Vegetation indices show better sensitivity 
than individual spectral bands for the detection of biomass (Asrar et 
al., 1984). Vegetation indices have been used for evaluation of 
vegetation crop density, crop discrimination and crop prediction 
(Bannari et al., 1995). Generally spectral data in red and near 
infrared bands are used for development of vegetation indices. 
These vegetation indices have been found useful for vegetation 
density (Wiegand et al., 1979; Spanner et al., 1990), green leaf 
density, photosynthesis active biomass (Tucker, 1979; Wiegand et 
al., , 1991) absorbed photosynthetically active radiation and 
evapotranspiration. Bannari et a., (1995) has listed over forty 
vegetation indices developed in the area of applications and 
research in satellite remote sensing. 

The “Normalized Difference Vegetation Index” (NDVI) is widely 
used for vegetation growth monitoring. NDVI was originally used 
as a measure of green biomass (Tucker et al, 1986). It has a strong 
theoretical basis as a measure of the solar photosynthetic active 
radiation absorbed by the canopy (Sellers, 1985). The spectral 
characteristics of vegetation show that reflectances in green 
(550nm) and red band (650nm) are mainly pigment (e.g. 
chlorophyll) controlled. The reflectances in near infrared band 
(around 800nm) are controlled by total internal reflection due to 
gradients in refractive index due to leaf mesophyll tissue. The 
NDVI relates reflectance (or radiance) in the red range and in the 

NIR range to vegetation variables such as leaf area index (LAI), 
canopy cover, and the concentration of the total chlorophyll. It is 
sensitive to low chlorophyll contents, to low fraction of vegetation 
cover and, as a result, to low level of absorbed photosynthetic 
active solar radiation. But it is not sensitive at higher chlorophyll 
contents or to rate of photosynthesis for large vegetation coverage. 
For land surfaces dominated by vegetation, the NDVI values 
normally range from 0.1 to 0.8 during the growth season, the 
higher values being associated with greater density and greenness 
of the plant canopy. Atmospheric effects, such as Rayleigh 
scattering from molecules, Mie scattering by aerosols, gaseous 
absorption by atmospheric constituents and sub-pixel-sized clouds, 
all tend to increase the value of red with respect to NIR and reduce 
the values of the computed vegetation indices. The quantitative 
estimation of most of the biophysical parameters using satellite 
based optical remote sensing requires time series NDVI data as 
model inputs. Daily and time composited NDVI series from 
moderate (1km) to coarse (>1km) resolution sensor data can 
provide ‘full resolution’ of vegetation growth cycle than a single 
date high resolution optical data with low repeativity. 

The normalized difference vegetation index (NDVI) product is 
now-a-days regularly available from observations in red and near 
infrared bands in large – view global polar orbiting sensors such as: 
SPOT-VGT, MODIS TERRA and AQUA, NOAA AVHRR at 
spatial resolutions varying from 250m to 8km. These are available 
maximum twice per day on daily or time composite basis. The 
NDVI generated at multiple times in a day from geostationary 
satellite sensors provide opportunity to get more cloud free NDVI 
as compared to once or twice overpasses in a day by polar orbiting 
large view sensor (Fensholt et al., 2006). The effects due to orbital 
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drift as in NOAA AVHRR will be least because of constant 
viewing geometry of geostationary sensors with respect to earth 
targets. Moreover, the diurnal behaviour of narrow band surface 
reflectances is ideal to study BRDF characteristics of similar 
homogeneous land targets having similar sensor viewing 
conditions. This again helps further correct NDVI through surface 
BRDF modeling. No other existing geostationary satellite missions 
in the world except INSAT 3A CCD (1km) of India and Feng 
Yung of China and MSG SEVIRI (3 km) have payloads that take 
multiple observations per day in narrow spectral optical bands (red, 
NIR and SWIR) at 1km X 1km spatial resolution. INSAT 3A has 
CCD payload was specifically designed to monitor vegetation and 
snow cover conditions over Asian region regularly. The present 
study was undertaken with the following objectives: 

(i) To define algorithm theoretical basis document (ATBD) for 
NDVI from INSAT 3A CCD narrow band optical data. 

(ii) To integrate the NDVI algorithm in the automated processing 
chain and validate the operational products 

2. METHODOLOGY 

The reflected radiances from earth surface reaching satellite sensors 
are generally influenced by sun-sensor viewing geometry and 
atmospheric noises, adjacency and BRDF (Bi-directional 
Reflectance Distribution Function) effects. Corrections are needed 
to remove these effects to convert spectral reflectances (Ri) at 
sensor into surface spectral reflectances. These corrections are 
categorized as: 

Level 1: Generation of angular normalized atmospherically 
corrected surface spectral reflectances 
Level 2: Level 1 + adjacency effect correction 
Level 3: Level 2 + BRDF correction 
Level 1 correction has three different components 
A. Rayleigh scattering 
B. Gaseous absorption (ozone, water vapour, CO2) 
C. Aerosol scattering and absorption 
 

2.1 Post-launch vicarious calibration of band radiances 

It has been found from earlier analysis that NDVI computed with 
pre-launch calibration coefficients for red and near infrared (NIR) 
bands showed significant non-linear bias that increased with 
increase in NDVI values (Bhattacharya et al, 2008). Further studies 
also found that radiance in NIR band at TOA become saturated for 
higher values of radiance during pre-launch calibration. The 
electronic performance of CCD sensor elements generally is 
degraded due to space weathering. Direct calibration with in situ 
ground measurements is also not feasible for such coarser spatial 
resolution (1km) due to lack of homogeneous patch and spatial 
representativeness of ground measurements. Therefore, a cross-
calibration has been carried out with collocated, coregistered and 
calibrated TOA radiances of red and NIR bands of similar spectral 
response from high resolution (56 m) IRS-P6 AWiFS sensor with 
equal atmospheric perturbations. Three clear sky dates spread over 
December (2007), February (2008) and March (2008) for both 
INSAT 3A CCD and AWiFS having same overpass time (0500 
GMT) were chosen for cross-calibration. TOA band radiances from 

six different land covers such as: agriculture, forest, snow, bare 
soil, water body and cloud were used for recalibration. 

2.2 Cloud screening 

The optical properties of clouds showed that its reflectances in red, 
NIR or cloud albedo in broad visible band become high and even 
more than 90%. But SWIR band reflectances are less in presence 
of water clouds due to higher absorption. Three criteria were fixed 
for cirrus (high level), alto (medium level) and cumulus (low level) 
clouds based on several CCD scenes. The first two criteria are only 
based on TOA reflectance thresholds in red and NIR bands due to 
presence of more of ice cloud. In third criteria, SWIR TOA 
reflectance threshold was introduced in addition to red and NIR 
reflectances due to increasing presence of water clouds. Further 
processing was carried out only in cloud free pixels. 

2.3 Atmospheric correction 

The TOA reflectances in cloud free pixels were corrected for 
atmospheric noises such as molecular (Rayleigh) and aerosol (Mie) 
scattering along with gaseous absorption using simple model for 
atmospheric correction (SMAC) with default coefficients (Rahman 
and Dedieu, 1994). That has been successfully used for large view 
satellite sensors such as NOAA AVHRR, METEOSAT etc. The 
generalized functional form of SMAC model is 
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sμ =cosine of the Sun zenith angle 

vμ = cosine of the viewing zenith angle 

φΔ = relative azimuth between Sun and satellite direction 

gt = total gaseous transmission 

aρ =Atmospheric reflectance which is a function of 

molecule and aerosols optical properties, illumination 
angle, viewing angle and relative azimuth between Sun 
and the observer 

τ  = atmospheric optical depth ( se μτ /
and 

ve μτ /
being the direct atmospheric transmission) 

)(),( vs tdtd θθ =atmospheric diffuse transmittances 

S =Spherical albedo of the atmosphere  

Seρ−1 =taken in account multiple scattering 

between surface and the atmosphere 
This includes 1st order correction for additive and multiplicative 
atmospheric perturbations and assume surface is lambertian. 
Moreover, this scheme is simple to implement, calibrated and 
tested against 5S atmospheric radiative transfer code and is thus 
increasingly used for generating surface reflectances from TOA 
radiances. Apart from sun-sensor angular geometry, this requires 
atmospheric inputs such as columnar ozone, precipitable water and 
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aerosol optical depth (AOD) at 0.55 μm. The database on daytime 
mean of five years’ (2002 – 2006) ozone, precipitable water and 
aerosol optical depth at 0.55 μm from MODIS TERRA (0530 
GMT) and AQUA (0800 GMT) was prepared through 
interpolation of MODIS eight-day atmospheric products (1° 1°) 
equivalent to CCD resolution. These were further used as inputs to 
SMAC to compute surface reflectances. 

2.4. NDVI product formatting 

The computation of NDVI was carried out in cloud free pixels 
using surface reflectances in CCD red and NIR bands. The NDVI 
was scaled to binary (8-bit) format with offset = 110 and gain = 
0.01. The end product contains NDVI in h5 format that contains 
cloud free NDVI, surface band reflectances as well as files for 
angular geometry for the geographical bound (44.5° - 105.3°E, 
9.8°S - 45.5°N) known as Asia mercator region. 

2.5 Statistical evaluation 

The pixel of MODIS TERRA within that 8km grid cell were 
averaged to create one pair of MODIS TERRA and INSAT 3A 
CCD NDVI. This results into 1024 NDVI values of MODIS 
TERRA for single value of CCD. The NDVI values were 
randomly taken out from different natural targets like agriculture, 
forest, desert and snow to cover all type of land cover. The root 
mean square error (RMSD) and mean absolute deviation (MAD) 
has been computed by following formulae 
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Where Pi – NDVICCD at ith case 
 Oi= NDVIMODIS at ith case 

 N= number of paired datasets 

3. RESULTS AND DISCUSSION 

3.1 Effect of atmospheric correction on CCD NDVI 

Atmospherically corrected NDVI has been generated by applying 
Rayleigh and Mie corrections using average atmospheric 
conditions. The corrected NDVI was then compared with 
atmospherically uncorrected NDVI over Indian sub-continent. It 
was found that for a particular clear day, the NDVI range increased 
from –0.2 to 0.6 in uncorrected one to –0.2 to 0.7 atmospherically 
corrected one. The frequency distribution of uncorrected, corrected 
NDVI and percent difference between them are shown in Figure 
1a, 1b and 1c, respectively. Through respective difference in NDVI 
ranged from –25 to 455, but majority of pixels showed positive 
difference between 5 to 40%. 
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Figure 1. Comparison of Atmospherically Corrected NDVI with 
Uncorrected NDVI 

3.2. Analysis of spatio-temporal dynamics of CCD NDVI 

The 16-day NDVI composite has been computed from daily NDVI 
to analyze the spatio-temporal dynamics of NDVI for a growing 
season over different land cover categories from June 2008 to Feb 
2009. In agriculture, NDVI showed quite high dynamics as 
compared to desert and forest, respectively. From the Figure 2, it is 
quite evident that in Indo-gangetic plain NDVI showed high 
dynamics of intensive agricultural activities. In Indo-gangetic plain, 
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overall spatial NDVI was low during June and but it increased 
from July due to increase of vegetation cover due to monsoon 
rainfall. The NDVI shows decreasing trend during October but 
shows increasing trend in November and peak in February. 
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Figure 2. Spatio-Temporal Dynamics of CCD NDVI During a 
Growing Season 

3.3 Validation 

For the validation purpose, 16 day NDVI composite at 0500 GMT 
were used from 26th May 2008 to 30th April 2009. The 16 day 
composite were used to minimized the cloud interference on NDVI 
and to capture the phonological shift. The MODIS TERRA cloud 
free NDVI were available as 16 day composite at 250 m spatial 
`resolution. These were then linearly aggregated to target CCD grid 
resolution. The CCD NDVI and aggregated MODIS TERRA 
NDVI were extracted over different land targets such as 
agriculture(a), forest(b) and desert(c). The temporal evolution of 
NDVI and rate of change of slope of the curve matches well 
throughout growing year with MODIS TERRA NDVI (Figure 3). 
Temporal profile over agricultural target in Punjab typically 
showed two peaks corresponding to growth of Kharif rice and 
winter wheat. In case of desert, NDVI values from both CCD and 
TERRA showed little change between 0.05 to 0.2 except small 
peak during south west monsoon period. The NDVI profiles from 
CCD and MODIS TERRA showed similar pattern over forest 
target. The spikes in the monsoon months could be due to 
difference in detection technology in cloud contaminated pixels. In 
MODIS both optical and thermal bands used for cloud screening. 
But only optical band data is used for cloud screening in CCD. The 
overall RMSD of 0.13 with a correlation of 0.83 (n=270) was 
obtained as shown in figure 4. The error statistics (table 1) showed 
higher error (0.15) in the NDVI class of 0.2 to 0.4 that corresponds 
to less fractional vegetative cover which could be due to higher 
surface anisotropy. But the errors were reduced at higher NDVI 
values. The error statistics were also evaluated for different land 
cover types as shown in table 2. Among different land cover types 
the maximum RMSD of 0.14 was noticed in croplands. Agriculture 
being the higher dynamic land cover types having prominent 
seasonality tends to produce more surface anisotropy surface 
specially during early vegetation and towards maturity stage. The 
presence of highly variable proportion of closed vs open canopies 
and determinate vs. indeterminate crops in agriculture systems are 
the causes of more surface anisotropy. The forest canopies are 

relative more homogenous except deciduous thus resulted into less 
anisotropy and error. In desert also the lowest RMSD of 0.04 was 
noticed because the change of NDVI with time is also very low. 
Miura et al., (2008) also reported high MODIS NDVI as compared 
to ASTER derived NDVI with mean difference of 0.031 from same 
(TERRA) platform having identical sun-target-view geometry for 
both the cases. In General, MODIS bands are much narrower in 
spectral bandwidths than ASTER red and NIR bands. Likewise, the 
central wavelengths from two sensors differ. MODIS red band 
completely avoids the red edge region (~ 680 nm), the ASTER 
counterpart extends to cover that wavelength. The MODIS NIR 
band overlaps at the longest wavelength portion of the ASTER 
counterpart. These are the consequences of the MODIS band 
selection requirements to avoid Fraunhofer lines and atmospheric 
absorption lines. Similarly, MODIS TERRA NDVI showed high 
NDVI with mean bias (NDVIMODIS – NDVICCD) of 0.07 as 
compared to CCD NDVI. In addition CCD NDVI computation 
does not explicitly consider complex modeling of surface BRDF 
and adjacency effects as incorporated in MODIS. 

CCD NDVI class n RMSD MAB 
0-0.2 69 0.08 0.06 

0.2-0.4 65 0.15 0.12 
0.4-0.6 48 0.13 0.10 
0.6-0.8 9 0.10 0.08 

Table 1: Error statistics of CCD NDVI at 0500 GMT as compared 
to MODIS TERRA NDVI at different Classes 

Land cover type n RMSD MAB 
Crop land 98 0.17 0.13 

Forest 56 0.14 0.11 
Desert 42 0.04 0.03 

Table 2: Error statistics of CCD NDVI in comparison with MODIS 
TERRA for different land cover class 

3.4 Comparison of CCD NDVI errors with results from 
other NDVI products 

Attempts have already been made to compare available NDVI 
products with ground observations and with other sensors. Gallo et 
al., (2005) compared MODIS (1km), 16 day TERRA and AQUA 
NDVI with NOAA-16 AVHRR (1km), 16 day NDVI for different 
land cover types and observed that MODIS derived NDVI always 
showed higher magnitude as compare to AVHRR with a RMSD of 
0.05. The maximum correlation between MODIS and AVHRR 
was found in evergreen forest. Gitelson and Kaufman (1998) 
compared simulated NDVI from MODIS and AVHRR and found 
slightly higher NDVI from MODIS than those from AVHRR for a 
variety of plant chlorophyll content levels. Steven et al., (2003) did 
intercalibartion of NDVI from different sensors and found that 
NDVI from different sensors were strongly linearly related to each 
other and interconverted to a precision of 1-2%. 

Geostationary meteosat second generation (MSG) SEVIRI derived 
cloud free daily averaged NDVI (3km) compared with resampled 
daily MODIS TERRA/ AQUA NDVI (250 m) by Frensholt et al., 
(2006). They showed fairly good agreement in the dynamic range 
with a tendency to little higher MSG NDVI in the beginning of the 
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growing season (July-August) and lower towards the end (October-
November). This has been attributed to seasonal variation in solar 
azimuth angle, which influence observations from geostationary 
platform as compared to those from polar orbiting platform having 
lesser swath. Therefore, present comparison of CCD NDVI with 
MODIS TERRA showed good agreement in connection with 
earlier finding. 

Agriculture : Punjab
 ( 30.5 N, 76.4 E) 

0

0.2

0.4

0.6

0.8

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Number of 15 days intervals starting from 1 June 2008

N
D

VI

MODIS TERRA

INSAT 3A CCD
(a)

 

Evergreen Forest : Western 
Ghat (18.5 N, 73.1E)

0

0.2

0.4

0.6

0.8

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Number of 15 days interval starting from 1 June 2008

N
D

VI

MODIS TERRA

INSAT3A CCD

(c)

 

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

MODIS TERRA NDVI

IN
SA

T 
3A

 C
C

D
 N

D
VI

r = 0.83, n = 270 
MSD = 0.09
RMSD = 0.13

 

Fig. 3: Comparison of temporal profiles of CCD and TERRA 
NDVI over different land targets 
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Figure 4. Comparison of INSAT 3A CCD NDVI with MODIS 
TERRA NDVI 

CONCLUSION 

A simple atmospheric correction scheme was successfully 
implemented to correct TOA reflectance for scattering and 
absorption in the atmosphere. The linear vicarious radiance 
calibration has been done with AWiFS for generating operational 
CCD NDVI. The surface reflectances in red and NIR were used to 
compute NDVI. The corrected NDVI was further validated with 
global product to judge its spatio-temporal profiles and its range 
over different natural targets. This study suggested that 
atmospheric corrected CCD temporal NDVI profile follow the 
same trend as globally available NDVI products in a growing 
region for different vegetation systems. The CCD NDVI showed 
fair good correlation with MODIS TERRA NDVI. The prospect 
appear good for future efforts to reprocess CCD data sets with a 
goal of continuity of NDVI product through time to study land 
surface changes with time. These spatial data can be used for 
modeling climate change studies. 
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ABSTRACT:  
 
The present study proposed a composite vegetation health index (VHI) derived from Leaf area index (LAI), Chlorophyll content (Cab) and 
equivalent water thickness (Cw) of wheat crop in Trans Gangetic Plains of India. The wheat growing areas of the study area were retrieved 
from time series 16 days MVC MODIS Enhance Vegetation Index (EVI) data. The LAI, Cab and Cw were retrieved from MODIS 
reflectance (MOD09) through inversion of radiative transfer model, PROSAIL using Look Up Table (LUT) approach. The results revealed 
that LAI, Cab and Cw were very well retrieved with RMSE 0.3892, 4.307 and 0.0063 respectively. R2 values for all the three parameters 
were significant and were found to be 0.904, 0.917 and 0.894 respectively. A composite VHI was developed from LAI, Cab and Cw, 
values. Based on the VHI, wheat growing area in study region was divided into four zones. Wheat growing areas having VHI ranging from 
0-0.25 and 0.25- 0.5 are classified as poor growth conditions. Wheat regions having VHI values from 0.5 to 0.75 and above 0.75 were 
classified as good and very good conditions respectively. The classified VHI map was compared with yield map of the study area and was 
found highly correlated.  

 

                                                                 
*Corresponding Author 

1. INTRODUCTION 

Research on crop growth monitoring has played a crucial role in 
many policy decisions on development in agriculture.  

Basic requirement for crop growth monitoring is an efficient tool 
for retrieving different biophysical parameters and its reliability 
and development of a composite index from retrieved crop 
parameters. Estimation of leaf area index (LAI), total chlorophyll 
content (Cab) and vegetation water content (Cw) can not only 
assist in determining vegetation physiological status and health, but 
also were found useful for the detection of vegetation stress, 
photosynthetic capacity, and productivity (e.g. Tucker, 1980; 
Carter, 1994; Boegh et al., 2002; Zarco-Tejada et al., 2003). 
Remote Sensing has been found to be potential and vital source in 
estimating these parameters. Different methods to estimate canopy 
biophysical variables from reflectance data have been developed 
and can be grouped into two approaches such as (1) statistical 
approach and (2) physical process based approach (using Radiative 
Transfer Models). Using statistical approach, many researchers 
have developed empirical relationships between vegetation indices 
(VIs) and canopy biophysical variables. The equations defining 
such empirical and semi-empirical relationships not only vary in 
the mathematical form (Linear, power, Exponential, etc) but also in 
their empirical coefficients, depending upon the cultivars, regions 
and the data normalizations approaches adopted. These methods 

are very simple but the accuracy of biophysical variable estimation 
may be quite low. They are suffering from severe limitations due to 
the lack of physics introduced in the retrieval technique and the 
small amount of radiometric information they can exploit. 
Alternately, physical modeling approach is based on the inversion 
of canopy reflectance models that describe the radiative transfer in 
the canopy as a function of biophysical variables which 
characterize the canopy architecture and the optical properties of 
vegetation elements and the soil. In the mid-80s, the anisotropic 
properties were observed to be crucial for diagnosing plant canopy 
functioning. Enhanced understanding of the physical processes that 
govern the interactions between light and the canopy elements, bi-
directional canopy reflectance (CR) models emerged for its 
inversion issues on multidirectional data in the early 90s for 
retrieval of biophysical parameters (Goel, 1987). 

Inversion of bidirectional canopy reflectance (CR) models emerged 
as a promising alternative for retrieval issues (Goel 1989; Myneni 
et al, 1991; Liang and Strahlar, 1993;  Tripathi et al, 2006). The 
space borne instruments like POLDER, ADEOS, MISR, TERRA, 
etc were designed to study both the spectral and directional 
characteristics of the earth surfaces. This trend depicts one of the 
scientific stakes to come in remote sensing, which is to take 
advantage of both the spectral and the directional signatures of 
vegetation in order to retrieve the biophysical parameters.   
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In this paper, an attempt has been made to retrieve LAI, Cab and 
Cw of wheat crop grown in Trans Gangetica Plains of India from 
MODIS Surface Reflectance Product (MOD09) and develop a 
composite vegetation health index. 

2. STUDY AREA AND DATA USED 

2.2 Study Area 

The study area is Trans Gangetic Plains of India covering whole 
states of Punjab and Haryana, Delhi and two districts of Rajasthan 
having geographical extent between 72°38'54.44" to 77°36'11.74" 
East longitude and 27°39'19.38" to 32°30'26.85" North longitude 
(Figure 1). Wheat is widely grown rabi crop in this region which is 
the test crop in the present study. 

 
Figure1. Map of the Study Area – the Trans-Gangatic Plains of 
India with District and State/Union Territory Boundaries 
2.3 Satellite Data Used 

The satellite data used for retrieval of biophysical parameters was 
MODIS Surface reflectance data product (MOD09) of Feb 10 -20, 
2008 acquired from the EOS Data Gateway.  The MOD 09 is 8-
day composite product, computed from the MODIS Level 1B land 
bands 1, 2, 3, 4, 5, 6, and 7 (centered at 648 nm, 858 nm, 470 nm, 
555 nm, 1240 nm, 1640 nm, and 2130 nm, respectively) and spatial 
resolution is 500m. The product is an estimate of the surface 
spectral reflectance for each band as it would have been measured 
at ground level if there were no atmospheric scattering or 
absorption (Vermote et al., 1999). The times series 16 days 
maximum value composite of MODIS EVI product (500m spatial 
resolution) were also used for the period of Nov., 2007 to May, 
2008 for estimating wheat growing regions. 

2.4 Ground Truth and Spectral Data Collection 

Field visit was conducted during February 10-20, 2008, in the 
wheat growing regions of the study area only with the purpose to 
collect spectral reflectance data of wheat crop and bare soil using 
ground held spectroradiometer (ASD-FS3, 350-2500 nm), in situ 
measurement of LAI using canopy analyzer and other biophysical 
parameters of the wheat crop. This period is the peak vegetative 

stage of the wheat in the region and thereby was appropriate for 
ground truth collection and use of the satellite data for different 
biophysical parameters retrieval.  Wheat leaf samples were also 
collected for chlorophyll content estimation and also equivalent 
water thickness in the laboratory. The ground truth was conducted 
using handheld GPS (Leica GS 5) and 190 locations (latitude and 
longitude) of the sample collection were noted down. 

3. METHODOLOGY 

3.1 Mapping of Wheat Growing Areas 

For discrimination of wheat growing areas, the times series 16 days 
maximum value composite of MODIS EVI product (500m spatial 
resolution) was used for the period of Nov 2007 to May 2008. The 
products were masked for Trans Gangetic region using its vector 
layer and stacked together and necessary correction of the temporal 
EVI profile was done using FASIR (Fourier Adjusted Sun Zenith 
Angle Corrected Interpolated and Reconstructed) written in IDL.  
The corrected time series EVI data product was classified for 
estimation of wheat growing areas using spectral angle mapper 
classification technique (Kruse et al., 1993). This method was 
found to be better than many conventional classification 
approaches as this method is not affected by solar illumination 
factors, because the angle between the two vectors is independent 
of the vectors length.  

3.2 Radiative Transfer Model 

The radiative transfer model PROSAIL (Jacquemoud, 1993) was 
used for simulation of bi-directional reflectance and retrieval of 
biophysical parameters through its inversion. The PROSAIL model 
was developed combining PROSPECT (Jacquemoud and Barret, 
1990) and SAIL  model (Verhoef and Bunnik, 1981). PROSAIL 
considers the detailed information on leaf optical properties and 
also accounts for hotspot effect. The model computes canopy 
reflectance in a particular wavelength band as a function of (1) 
canopy structural parameters such as leaf area index (LAI), leaf 
mesophyll structure parameter (N), mean leaf inclination angle (tl), 
leaf size/crop height (sl); (2) biochemical parameters like 
chlorophyll-a+b concentration (Cab) and water content (Cw); (3) 
viewing geometry parameters- solar zenith, view zenith and 
relative azimuth angle; and (4) soil reflectance.  

LAI was measured in situ using canopy analyzer, total chrolophyll 
(Cab) and Equivalent water Thickness (Cw) were measured 
following standard procedure.  

3.3 Calibration of the Model and Inversion 

A representative measured wheat spectra (in wavelength range 350 
to 2500 nm) were prepared for calibration of the model. For 
simulation, input parameters were defined based on field survey 
and literature.  The parameters like LAI (l), chlorophyll content 
(Cab), equivalent water thickness (Cw), dry matter content (Cm) of 
the wheat crop and sun geometry (sun zenith θs, and azimuth Φs) 
of the study area were taken from the mean of the field measured 
values. The sun zenith and azimuth values of the study area were 
computed using geographical position (longitude and latitude) and 
time of the spectral observation (i.e. saved in spectral files collected 
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in the field) through a programme written in IDL. The 
hemispherical soil reflectance (rsoil) for the model was taken from 
the field measurements.  The sensor parameter (isat) was taken as 0 
for spectroradiometer  and hotspot parameter (ihot) as 0 for non hot 
spot position. Non hot spot position was preferred as the field 
measurement was done irrespective of the sun’s positions.  The rest 
input parameters such as mean leaf inclination (degree) (tl), leaf 
internal structure parameter (Vai), leaf size/crop height (sl), 
horizontal visibility (vis) were taken from the literature.  

The simulated reflectance was generated for varying LAI, 
chlorophyll, equivalent water thickness, biomass and hotspot 
parameter separately at certain interval while keeping all other 
variables constant in the model. The simulated and measured 
reflectance for each parameter was compared and RMSE was 
computed. That value of the parameter was regarded as the 
optimum, for which the RMSE was minimum between measured 
and simulated reflectance spectra.  

3.4 Sensitivity Analysis of the PROSAIL Model 

Sensitivity analysis of PROSAIL model was carried out for three 
parameters namely, leaf area index, chlorophyll content and 
equivalent water thickness which were to be retrieved through 
inversion of the model. For assessing the sensitivity of the model 
all the parameters were kept constant at calibrated model values as 
discussed above except the parameter for which sensitivity analysis 
was being carried out. Chlorophyll content was varied between 5 
to75 μg cm-2 at an interval of 5, leaf area index was varied between 
1.6 to 9.4 at an interval of 0.2   and equivalent water thickness was 
varied between 0.002 to 0.127 cm at an interval of 0.005cm. Band 
wise coefficient of variation was calculated for all the simulated 
reflectance’s generated to do the sensitivity analysis of these three 
parameters. The calibration and sensitivity analysis of the 
PROSAIL was done with 100 sample points selected randomly. 
Rest 90 points were used for validation of the retrieval products.  

3.5 Inversion of PROSAIL for Parameter Retrieval   

The PROSAIL model was found to be very much suited for 
inversion due to the reduced number of parameters in it and high 
speed of simulation of multiangular spectra (Casa and Jones, 2004). 
The parameters for which the inversion was attempted were LAI (l) 
and chlorophyll content (Cab) and equivalent water thickness 
(Cw). The inversion procedure involved creation of Look Up Table 
(LUT) of the simulated reflectance and matching of the measured 
with LUT values using merit function (Nilson and Kuusk, 1989). 
For inversion purpose, simulated reflectance of MODIS bands 1, 2, 
3, 4, 5, 6, and 7 (centered at 648 nm, 858 nm, 470 nm, 555 nm, 
1240 nm, 1640 nm, and 2130 nm, respectively) were only used.  
Iterative minimization of the merit function (Press et al, 1986) was 
programmed and run in MATLAB and different biophysical 
product images (of LAI, Chlorophyll and equivalent water 
thickness) were created from the output of the inversion 
programme using ENVI image processing software.   

3.6 Development of the Composite Vegetation  
Health Index (VHI) 

The aim of developing vegetation health index (VHI) was to give a 
single value to the vegetation condition on the basis of three 
retrieved parameters (leaf area index, chlorophyll content and 
equivalent water thickness), which are most important for assessing 
the vegetation condition. Being these parameters are in different 
units and value ranges, standardization was done and transformed 
to a single scale i.e. zero to one.  Equal weightage was allotted to 
each parameter and the index score was obtained with a linear sum 
aggregation function. The function consists of the weighted sum of 
three parameters i.e. leaf area index (LAI), chlorophyll content and 
equivalent water thickness divided by the sum of the weights as 
given in equation (1). 
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Where, wi = weightage given to the ith parameter and xi = ith 

parameter.  

4. RESULTS AND DISCUSSION 

The wheat mask was generated using the times series 16 days 
maximum value composite of MODIS EVI product (500 m spatial 
resolution) for the period of Nov., 2007 to May, 2008 using 
spectral angle mapper classification approach and given in Figure 
2. The wheat mask generated through this classification technique 
was used as defined study region further in the study for parameter 
retrieval and development of vegetation health index. However, the 
result has limitation in considering small patchy wheat fields 
mainly found in hilly region and some part of southern Punjab due 
to course resolution satellite data though SAM classification has 
mostly taken care of subpixel variation in the wheat coverage. 

 
Figure 2. Wheat Mask of the Study Area Generated from Time 
Series 16 Days MVC of MODIS EVI Data of 2007-08 
 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

322 

4.1 Calibration and Sensitivity Analysis of PROSAIL 

Model was calibrated with respect to its input parameters and 
optimum value for parameters were found based on minimum 
RMSE computed from observed and simulated reflectance of the 
model. The optimum value considered for LAI, Cab, Cw, hot spot 
parameter, and dry biomass (Cm) are 4.5, 48 μgcm-2, 0.0180 cm, 
0.49,  and 0.013 g cm-2 respectively. 

The sensitivity analysis of LAI, Cab and Cw were done and 
coefficient of variations (CoV) were calculated and plotted to 
observe at which wavelength, the model was more sensitive to the 
variation in LAI. In case of LAI, it was observed that CoV was 
negligible between wavelength range of 745 nm to 1300 nm 
(Figure 3). Beyond 1300 nm, CoV sharply increases and reaches 
upto 40% at 1450 nm again comes down and then reaches to 94% 
at 1930 nm. CoV was highest i.e. 97% at 2495 nm. Overall LAI 
effect was seen through the entire wavelength range of 400 to 2500 
but more dominant over higher wavelength range from 1850 to 
2500 nm. 
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Figure 3. Coefficient of Variation of Simulated Reflectances at 
Varying LAI of Wheat in Wavelengths Ranging from 400 to 
2500 nm  
 
Effect of Cab values on the reflectance were found to be confined 
to only in the visible range i.e. from 400 nm-700 nm. As expected, 
increasing Cab causes significant reductions in the visible 
waveband reflectances. This was observed that CoV was 
significant only in the wavelength range of 400 nm to 765nm 
which is very obvious as the crop reflectance at this region is 
dominantly governed by pigments (Figure 4). Beyond 765 nm, 
there was no variations  in the generated simulated reflectance 
values with varying Cab values. 
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Figure 4. Coefficient of variation of simulated reflectances at 
varying chlorophyll content (Cab) in wavelengths ranging from 
400 to 2500 nm  
 
In case of Cw, it was observed that CoV was negligible between 
wavelength range of 400 nm to 940 nm. However CoV was higher 
beyond 940 nm and highest peaks were found to be 1425 at 1885 
nm i.e. water absorption bands and crop reflectance at these regions 
were majorly governed by leaf water content (Fig.6). 
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Figure 6. Coefficient of variation of simulated reflectances at 
varying leaf equivalent water thickness values (Cw) of wheat in 
wavelengths ranging from 400 to 2500 nm  
 
4.2 Prosail Model Inversion for Retrieving Parameters 

Inversion of PROSAIL model was done to retrieve LAI, Cab and 
Cw of Wheat crop in the Trans Gangetic Plains of India.  LUT 
approach using merit function was used for model inversion and 
parameters were retrieved from MODIS reflectance data. These 
derived images of LAI, Cab and Cw are given in Figure 7 (a), (b) 
& (c) respectively. These values were compared with observed 
ones (corresponding values of 90 random locations) and predictive 
accuracy was evaluated with RMSE values. Results revealed that 
LAI, Cab and Cw, were very well retrieved and comparable with 
measured values with RMSE error 0.3892, 4.307 and 0.0063 
respectively. R2 values for all the three parameters were significant 
and were found to be 0.904, 0.917 and 0.894 (Figure 8 a, b & c), 
for LAI, Cab and Cw respectively, when retrieved values were 
compared with measured values. 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

323 

  

(a)

(b)

(c)

(a)

(b)

(c)

 
Figure 7. Retrieved (a) LAI, (b) Total Chlorophyll Content (Cab) and (c) Equivalent Water Thickness (Cw) Product of Wheat 
Through Inversion of the PROSAIL Model 
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Figure 8. Comparisons of PROSAIL Inversion Retrieved Wheat 
(a) LAI, (b) Cab and (c) Cw with their Measured Values 
Respectively (with 1: 1 line)  
 
4.3 Development of Vegetation Health Index (VHI) 

The proposed VHI is a composite index was derived from most 
important three growth parameters such as LAI, Cab and Cw as 
shown in Figure 9. LAI has direct relationship with biomass and 
yield of the crop, Cab is majorly governed by nutrient (mainly 
nitrogen) which indicates indirectly N stress and Cw, reflects water 
status in the canopy and thereby water stress. The composite 
indicator considering all these three parameters may provide 
information about the vegetation health there by the index is named 
vegetation health index which can be used to prioritize zones at 
regional scale yield enhancing site specific interventions. Since 
LAI, Cab and Cw retrieved through inversion were found to be 
more reliable the biophysical products of LAI, Cab and Cw derived 
through PROSAIL model inversion were used for the development 
of the vegetation health index. The VHI value obtained was 
ranging 0 to 1. 

 
Figure 9. Vegetation Health Index Map of Wheat Crop 
Composited from LAI, Cab and Cw Products  
 
4.4 Prioritization of the Region Based on VHI 

Based on the VHI, study region was divided into four zones 
corresponding to four growth conditions of wheat crop. Wheat area 
with very poor growth conditions were having VHI ranging from 
0-0.25 and 0.25- 0.5 for poor growth, 0.5 to 0.75 to good and above 
0.75 for very good conditions (Figure 10). When the classified VHI 
map was compared with yield map of the study area. , it was 
observed that areas with higher VHI were also producing higher 
yields and vice versa. 

 
 
Figure 10. Zonation of the Wheat growing area of Trans-
Gangetic Plains of India into four groups based on the 
Vegetation Health Index (VHI) 
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CONCLUSION 

Basic requirement for crop growth monitoring is the efficient tool 
for retrieving different biophysical parameters and its accuracy or 
reliability. Study demonstrated potential of remote sensing data and 
radiative transfer model in retrieval of LAI, Cab and Cw at regional 
scale. Parameter retrieved can be directly used for crop growth 
monitoring and otherwise through developed VHI for site crop 
management practices. The very poor and poor VHI values zones 
can be further considered for site specific growth enhancing 
management practices.  
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ABSTRACT: 
 
Understanding and interpreting the temporal variations of the vegetation growth can provide valuable information on its dynamics and in 
case of crops provide an estimate of the phenological milestones that can help describe the crop. The focus of this work is to use the 
phenological parameters derived from MODIS EVI time series composite data to map the variability in cropping practices. These maps 
christened as variability maps, map the cropping practices including the length of growing period (LGP) spatially over a given geographic 
region. The phenological parameters obtained were also analyzed to identify crop pixels which showed cropping in more than one season. 
This information was extrapolated to find areas under irrigation in the study area. 
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1. INTRODUCTION 

Remote sensing can play a vital role in monitoring the fields and 
provide a snapshot of the outcome of the field practices which can 
then be processed to aid the agricultural scientist to make 
meaningful conclusions. Global coverage and repeated temporal 
sampling provided by satellites have significant potential for 
monitoring vegetation dynamics at regional to global scales. In 
many parts of India, multiple varieties-traditional, high yielding 
(HYV) and short high yielding (SHYV) varieties of crops are 
grown in the same region like, Annapoorna, IR-64, KMP-1 
(Mandya-vani) (REF), based on weather and other local conditions 
including labour availability leading to different sowing/harvest 
dates. To effectively estimate crop production, it is required to 
estimate these cropping varieties and cropping practices. In 
addition, this lack of knowledge of cropping varieties and cropping 
practices across regions is a major deterrent in effectively 
understanding the response or modelling of these crops for climate 
and other input changes over time, thus limiting the adaptation 
potential of the region. In this paper, we have attempted to map the 
cropping practices of a particular geographic area using a time 
series of MODIS EVI. Cropping varieties can be estimated from 
cropping practices and hence it is imperative to identify the spatial 
variability of the cropping practices. 

Crops or vegetation in general follow a systematic pattern of 
growth. Growth is a process and this process can provide valuable 
insights into the crop type/variety, cropping pattern, irrigation 
practices etc. Information about such a process cannot be 
deciphered from single date imagery. With the advent of moderate 
resolution earth observing satellites that have revisit time as small 
as one day, the growth process can be monitored at a much more 
finer temporal resolution. In the Indian context, studies have been 
carried out using high temporal resolution data for analyzing the 

trends in cropping practices of particular crops over particular 
geographic area. (Panigrahy et.al.,2005) 

Our previous work demonstrated the utility of such a time series for 
extraction of phenological parameters which then helped in 
forming a season calendar for a particular geographic area (Gupta 
et.al.2008), This paper builds on that work to map the variability in 
cropping practices for a particular geographic area. The authors do 
not intend to interpret the patterns obtained, the reasons for such 
patterns and the implication as it is beyond the scope of this paper. 
The main objective of this work is to demonstrate that time series 
satellite imagery can aid the agricultural experts for better 
monitoring. 

2. DATA AND STUDY AREA 

The ideas developed in this paper have been tested on MODIS 250-
m Vegetation index time series. Vegetation index product 
MOD13Q1 which consists of NDVI and EVI data composited at 
16 day intervals is used in this study. Time series of EVI images 
for cropping season 2005-06 was constructed for Hassan, Dharwad, 
and Chamrajnagar districts of Karnataka State, India. The results 
reported in this paper are only for Hassan district. 

2.1 Pre processing 

One of the important steps in analysis of such time series 
information is to pre process the time series by filling data gaps and 
correcting data anomalies. Data gaps can occur due to sensor 
malfunctioning and data anomalies can occur due to dense clouds. 
A data anomaly is defined as sudden increase or decrease in the 
value whereas data gaps are formed due to missing values. The 
techniques of deriving EVI could also have led to data anomalies. 
Data anomalies and gaps can distort the analysis of time series and 
the resulting time series no longer reflects the ground process 
leading to wrong information being extracted from the data. Thus, 
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algorithms for filling the data gaps and removing data anomalies 
are required. Such a pre processing step is also called as 
construction of time series and various methods have been 
proposed to construct the time series to match the ground process. 
(Colditz et.al.2008; Jonsson and Eklundh, 2002,2004). Popularly 
used techniques include minmax filtering/temporal window 
operation, savitzky golay filtering, fourier series fitting, gaussian 
model fitting and logistic function fitting. We have used local 
maximum fitting devised by Sawada et.al., (2005) which combines 
temporal window operation and fourier series fitting. 

 

Figure 1. Effect of LMF Filtering 

3. METHODS 

The various steps involved in deriving the variability map and 
cropping season map are described in the flow diagram of figure 2. 
As explained in section 2.1, the time series of EVI is generated and 
the pre-processing steps are applied. The output of this step 
including raw and smoothed time series for all pixels is input to the 
time series classifier. 

3.1 High level classification 

This paper builds on the time series classification process 
developed by the authors the results of which are yet to be 
published. For the purpose of this paper, it will be assumed that 
crop pixels have been identified. Since, we are interested in the 
cropping practices, only crop pixel-time trajectories are subjected 
to further processing. The main function of this step is to eliminate 
non crop pixels. 

3.2 Time series analysis 

A number of methods have been developed to determine the start 
and end of growing seasons using time series of vegetation indices. 
These methods have employed a variety of different approaches 
including the use of specific NDVI thresholds (Lloyd, 1990; White 
et al., 1997), the largest NDVI increase (Kaduk & Heimann, 1996), 
backward-looking moving averages (Reed et al., 1994), or 
empirical equations (Moulin, et al., 1997). In our work, we have 
determined the inflection points of each crop pixel-time trajectory 
and determined the phenological parameters as defined by Jonnson 
and Eklundh. (2002,2004). The definitions of the phenological 
parameters extracted are 1) Time for the start of the season: 
datestamp at which there is a rise of 20% above the left minima. 2) 
Time for end of the season: datestamp at which the right edge is 
20% above the measured right minima 3) Time for the mid of the 
season: computed as the mean value of the times for which, 

respectively, the left edge has increased to its 80 % level and the 
right edge has decreased by 80 % level; and 4) Seasonal amplitude: 
difference between the maximal value and the base level. These 
parameters are illustrated in figure 3 

 

Figure 2. Overall Flow Diagram of the Process 
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Figure 3. Illustration of Phenological Parameters Derivation 

3.3 Phenology grouping 

A density based clustering is done on the phenological parameters 
to group similar phenologies. Once the phenological parameters are 
obtained, they are clustered using a density based clustering 
method called Density Based Spatial Clustering of Applications 
with Noise (DBSCAN). Density based approaches apply a local 
cluster criterion. Clusters are regarded as regions in the data space 
in which the objects (phenology parameters) are dense. These 
regions may have an arbitrary shape and the points inside a region 
may be arbitrarily distributed. Since the phenologies are similar, 
the growth process is assumed to be similar and is hence clustered 
to form a single vegetation class (crop type). The clustering is 
manually improvised which results in clusters that differ 
considerably in the phenology parameters but also consist of sub 
clusters that differ marginally in the phenology parameters. These 
sub clusters are representative of the differing cropping practices in 
the region. 

3.4 Mapping 

The pixel locations of these sub clusters for each cluster are marked 
with different colors to map the variability in the cropping practices 
to produce the cropping practice variability map. The identified 
seasons were then classified as Kharif, Rabi and Zaid and as 
Annual crops manually. Pixel locations for the various 
combinations of Kharif, rabi and zaid were mapped spatially to 
produce the cropping season map. 

4. RESULTS 

The cropping practice variability maps derived are shown here. 
Each color represents a unique cropping practice. A sample set of 
the results are reported here, while the original result set has many 
more variations. The variations are in sowing, senescence or end of 
season dates/fortnights. 

Figure 4 and 5 show the variability in the cropping practices of a 
Kharif crop which grows for around 150 days and 120 days 
respectively 

Figure 6 and 7 show the pixel locations of the areas that grow crops 
in the Rabi and Zaid seasons respectively and the varialbility in 
their cropping practice. 

Season Start Mid End
10-Jun 3-Dec 9-May
10-Jun 30-Sep 23-Apr
10-Jun 17-Nov 7-Apr
10-Jun 30-Sep 7-Apr
10-Jun 1-Nov 7-Apr
10-Jun 30-Sep 22-Mar
10-Jun 17-Nov 22-Mar
10-Jun 1-Nov 22-Mar
10-Jun 30-Sep 6-Mar
10-Jun 1-Nov 6-Mar
10-Jun 17-Nov 6-Mar

Season Start Mid End
10-Jun 3-Dec 9-May
10-Jun 30-Sep 23-Apr
10-Jun 17-Nov 7-Apr
10-Jun 30-Sep 7-Apr
10-Jun 1-Nov 7-Apr
10-Jun 30-Sep 22-Mar
10-Jun 17-Nov 22-Mar
10-Jun 1-Nov 22-Mar
10-Jun 30-Sep 6-Mar
10-Jun 1-Nov 6-Mar
10-Jun 17-Nov 6-Mar

 

Figure 4. Kharif Cropping Practice Variability Map For A 150 
Day Crop 

Season Start Mid End
28-Jul 30-Sep 7-Apr
28-Jul 17-Nov 7-Apr
28-Jul 1-Nov 7-Apr

Season Start Mid End
28-Jul 30-Sep 7-Apr
28-Jul 17-Nov 7-Apr
28-Jul 1-Nov 7-Apr

 

Figure 5. Kharif Cropping Practice Variability Map for 120 day 
Crop. 
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Season Start Mid End
28-Jul 30-Sep 7-Apr
28-Jul 17-Nov 7-Apr
28-Jul 1-Nov 7-Apr
14-Sep 17-Nov 22-Mar
14-Sep 1-Nov 22-Mar
14-Sep 1-Jan 22-Mar

Season Start Mid End
28-Jul 30-Sep 7-Apr
28-Jul 17-Nov 7-Apr
28-Jul 1-Nov 7-Apr
14-Sep 17-Nov 22-Mar
14-Sep 1-Nov 22-Mar
14-Sep 1-Jan 22-Mar

 

Figure 6. Rabi Cropping Practice Variability Map 

Seaso n Start Mid End
1 7-Jan 6-Mar 25 -May
1 7-Jan 7-Ap r 25 -May
2-Feb 7-Ap r 25 -May

19-De c 2 -Fe b 7-Apr
19-De c 18-Feb 7-Apr
2-Feb 22 -Mar 9-May

18 -Feb 7-Ap r 25 -May
1 7-Jan 6-Mar 23-Apr
19-De c 2 -Fe b 22-Mar

Seaso n Start Mid End
1 7-Jan 6-Mar 25 -May
1 7-Jan 7-Ap r 25 -May
2-Feb 7-Ap r 25 -May

19-De c 2 -Fe b 7-Apr
19-De c 18-Feb 7-Apr
2-Feb 22 -Mar 9-May

18 -Feb 7-Ap r 25 -May
1 7-Jan 6-Mar 23-Apr
19-De c 2 -Fe b 22-Mar

 

Figure 7. Zaid Cropping Practice Variability Map 

The were plotted spatially. Such maps can be helpful in 
extrapolating other information like irrigated areas, etc 

Kharif + Rabi + Zaid
Kharif + Rabi 
Kharif + Zaid
Kharif only
Rabi + Zaid
Rabi only
Zaid only

Kharif + Rabi + Zaid
Kharif + Rabi 
Kharif + Zaid
Kharif only
Rabi + Zaid
Rabi only
Zaid only  

Figure 8. Cropping Season Map of Hassan District for 2005-06 

5. DISCUSSION AND CONCLUSION 

At regional and larger scales, variation in community, climate 
regime, soils, land management, progress of monsoon, distribution 
of seeds and fertilizers results in complex spatio temporal variation 
in phenology. The cropping practice variability maps are able to 
capture this variation which can then be analysed along with other 
spatial data that influence cropping practices by the agricultural 
expert to better understand the cropping practices. It was also found 
that there was a correlation between the direction of increasing 
sowing dates to the progress of the south west monsoon for all the 
districts under study. 

The net sown area reported in statistics is 3,96,487 hectares while 
the net sown area estimated from our analysis of Kharif, rabi, zaid 
and annual crops from the cropping season map is 4,12,716 
hectares which is an error of 4% and well within acceptable errors 
for such regional studies. The sown area during Kharif and Rabi 
was also compared with that available from statistics, the results of 
which are tabulated in table 1. 

 Statistics Our results 
 hectares 
Kharif 393481 
Rabi 66244 

hectares 
367010 
40756 

Table 1: Comparison with Statistics 

Since rabi and zaid crops can only grow in this district with 
irrigation support, it would be safe to conclude that areas which 
show cropping during non monsoon period are irrigated areas. 
However,such an assumption still needs to be evaluated. 
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An important observation that was made was the absence of triple 
cropping lands in this area. Pixel-time trajectories of pixels that 
showed the combination of rabi and zaid (Red pixels in figure 8) 
were being analyzed and we found that the phenological curve in 
the Kharif season had a very small length of growing period of 
around 30 days. Since, our algorithm was designed to discard such 
phenologies, they did not appear in the final list of phenologies. 
Whether this short length of senescence is because of data 
compositing process or indeed a ground process is yet to be known. 
Nevertheless, to achieve the best results and to investigate this 
discrepancy, we have to revert to the daily EVI data. Since, Kharif 
season is covered by clouds for majority of the time, optical 
sensors provide limited information that may not reflect the ground 
situation properly. 

The spatial resolution of 250 meters provide by MODIS for such 
studies in Indian context can be very high owing to fragmented 
landholdings. Thus, the same study is expected to be done at a 
spatial resolution of 56 meters using AWiFS sensor on board 
Resourcesat-I, an Indian satellite. 

In conclusion, this study has demonstrated the feasibility of using 
multi temporal remotely sensed data to describe vegetation 
dynamics, mapping phenological variation and understand the 
cropping practices over a given geographic area 
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ABSTRACT: 

Agro-ecological zoning for the entire state of Punjab was carried out using modern tools such as remote sensing and geographical 
information system. The main input parameters based on which zoning was done were annual average temperature, length of growing 
period (LGP), biomass and soil texture. Initially, spatial database for temperature, LGP, biomass and soil texture were generated in GIS 
domain. Thermal and LGP zones were demarcated using meteorological data of 20 stations of Punjab and its surrounding states. Then 
biomass zones were derived from 10-day composite satellite data of SPOT-vegetation sensor. This zoning approach resulted into 5, 7, 3 
and 9 zones for temperature, LGP, biomass and soil texture, respectively in GIS environment. Those newly drawn zones reflect that the 
average annual temperature of the state varies from 21-26oC, with LGP ranging from < 60 to 180 days. Temperature and LGP variation in 
the entire state depicted a reverse trend, having maximum temperature in south-western part with lowest LGP while lowest temperature 
being recorded in the northern most parts with highest LGP. On the basis of NDVI value, the entire state was differentiated into moderate, 
good and excellent biomass zones. Soil texture varies from fine loamy to sandy soils across the state. Overlaying of thermal and LGP 
layers resulted into 7 thermal-LGP zones and when this layer was overlaid on biomass and soil textural layers in spatial domain following 
logical combinations, the resultant layer was agro-ecological zones. In total 46 zones were categorized in ZBS format where Z, B and S 
represented thermal-LGP, biomass and soil texture zones, respectively. 
 
 

                                                                 
∗ bal_sk@yahoo.com 

1. INTRODUCTION 

The state of Punjab and its farmers, once at the centre stage of 
green revolution, are facing serious problems of sustaining 
agricultural productivity. The problems facing the farmers can be 
viewed in relation to three distinct regions / situations of the state; 
(i) the central rice-wheat cropping zone where declining water table 
and overall resource degradation (soil and water quality), (ii) the 
canal irrigated southwestern zone, the cotton-wheat belt, is the 
region where ground water is brackish in nature, a factor limiting 
their exploitation for irrigation and (iii) the ecologically fragile 
Kandi region, is distinct in that the problems facing farmers relate 
to recurrent droughts, wide spread problems of resource 
degradation and consequently, continued low level of overall 
socio-economic development (Abrol, 2008). 

During the course of time, due to intensification of agriculture, the 
cropping pattern of the state has changed drastically. The whole 
state is progressing towards a rice-wheat mono cropping system 
from the multi crop – husbandry practices. As rice is a high water 
demanding crop, the effect is visible on the water balance in 
different districts of the state. Water logging and secondary salinity 
are the other consequences of indiscriminate use of good quality 
and marginal quality waters for irrigation. (PRSC, 1997). 

Thus to sustain the food security of the Indian Punjab, it is of great 
importance to delineate the state into different zones according to 

the climatic requirements and soil types. Agro-ecological zoning 
(AEZ) is one of the most important bases for agricultural 
developmental planning because survival and failure of particular 
land use or farming system in a given region heavily relies on 
careful assessment of agro-climatic resources (Venkateshwarlu et 
al, 1996). Therefore, there is an urgent need for agro-ecological 
zoning of the entire state. 

The success of zoning a particular region lies in adoption of new 
research tools available, particularly the vital inputs from space 
technologies such as remote sensing (RS) and geographic 
information systems (GIS) (Steven 1993). Remote sensing 
technology has been of great use to planners in planning for 
efficient use of natural resources at national, state and district 
levels. Agroclimatic zoning for Punjab in the past involved manual 
integration of agroclimatic and other natural resource data (Mavi, 
1984). As a result, large amount of agro-ecological data could not 
be handled easily. This led to the loss of information on spatial 
variability. Modern tools such as satellite remote sensing and GIS 
have been providing newer dimensions to effectively monitor and 
manage the natural resources in spatial domain. 

Also, the enormous growth of agriculture and land use/land cover 
change coupled with increased intensity of surface irrigation in this 
part of the country and the change in global climate contributing 
factors have led to change in climate at various places of Punjab in 
the last decades. (Hundal and Kaur, 2002; Mukherjee et al., 2003). 
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Thus in the changing climatic, land use scenario and advent of 
modern technologies, the present investigation “Agro-ecological 
zoning using remote sensing and geographical information system 
for the Punjab state” was planned. 

2. MATERIALS AND METHODS 

The present investigation was carried out in the department of 
Agricultural Meteorology, Punjab Agricultural University, 
Ludhiana in collaboration with Punjab Remote Sensing Centre, 
Ludhiana during the years 2006 and 2007. The study area was the 
state of Punjab, India. 

Location of study area 

The Punjab State, with a geographical area of 50,362 sq. km, lies 
between the latitude of 29° 33’ to 32° 31’ N and longitude of 73° 
53’ to 76° 55’ E. Three broad socio-cultural regions of Punjab are, 
Majha - land between the river Ravi and Beas; Bist Doab – land 
between river Satluj and Beas; and Malwa – land east of river 
Satluj. 

Collateral data 

Administrative boundaries (state and district) at 1:50,000 scale 
from Survey of India (SOI) maps and soil map at 1:500,000 scale 
prepared by National Bureau of Soil Survey and Land Use 
Planning (NBSS&LUP), modified/simplified by Punjab Remote 
Sensing Centre. 

Satellite data (SPOT 10-day composite NDVI images) 

Remote Sensing data of SPOT-vegetation sensor 10-day 
cumulative NDVI product. In total 72 composites per year were 
used starting from June 1, 2004 to May 21, 2005 and from June 1, 
2005 to May 21, 2006. Spatial resolution of 1 km and spectral 
bands of Blue (0.45-0.52µm), Green (0.52-0.59µ), Red (0.62-
0.69µ) and Infra red (0.72-0.78µ) were available in the images for 
analysis. 

Climatic data 

Daily weather data of rainfall and minimum temperature and 
maximum temperature were collected from different sources 
representing different existing agroclimatic regions of Punjab and 
its neighbouring states as per the availability of data (20 
meteorological stations). 

Potential Evapotranspiration (PET) calculation 

PET calculation was done by Papadakis method as it requires only 
daily maximum and minimum temperature data and is the most 
effective method among different empirical methods used at 
different locations representing different agro-climatic regions of 
Punjab (Kingra and Hundal, 2002). 

Length of Growing Period (LGP) calculation 

Lengths of growing periods (LGPs) in individual years were 
calculated using Excel spreadsheet for the period of time that P+S 
exceeds 0.5 ETp. The yields of many common crops decline 
markedly if the soil moisture falls below this level. The soil 
moisture storage capacity was assumed to be uniform throughout 

the state, because a particular soil type was considered irrespective 
of rainfall and PET zones. 

Potential biomass zone estimation from SPOT NDVI 

Using NDVI to estimate standing green biomass is a reliable 
method of assessing biomass data. Lower resolution (1-km) SPOT-
NDVI data for the years 2004-05 and 2005-06 were used as it gives 
continuous and synoptic coverage plus the availability of data on 
the Internet. 

These NDVIs were considered as potential biomass indicators on a 
regional scale. The NDVI analysis was done for different date 
satellite scenes. Then the output of the different scenes was 
integrated to generate a single state biomass zone using NRSA 
guidelines (NDVI <0.06, Non Agriculture; 0.06-0.10, Poor; 0.10-
0.20, Moderate; 0.20-0.40, Good; >0.40, Excellent) (Anonymous, 
2006). 

Thermal and LGP maps 

Thermal and LGP maps (Fig. 1) were prepared in the GIS 
environment using Arc GIS - 9.1. 

 

 

Length of growing period zones of Punjab 
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Figure 1. Delineation of Different Zones for Punjab 

 
Thermal_LGP Layer Overlaying 

Both layers of thermal zone and LGP zones were rasterized using 
vector to raster module of Arc/Info. Both these raster based spatial 
data bases were created at 1km grid size. Different intersections 
and unions were the resultant of the overlaying of the two layers. 
To finalize the layers redigitization of the intersection zones were 
done and final zones were demarcated. This raster based spatial 
database of Thermal_LGP zone was then imported into a separate 
image channel using image processing software (PCI Geometica 
9.17). 

Agro-ecological Zone Delineation 

Agro-climatic zone was delineated by overlaying the 
Thermal_LGP layer over the potential biomass zone layer on a 
logical combination in RS software. Agro-ecological zones and 
sub-zones were delineated by logical combination of soil texture 
layer in addition to all the spatial input layers used in defining agro-
climatic zones. In the output layer, similar to agro-climatic zoning 
approach, smaller polygons representing same agro-ecological 
zones closely placed were merged together into a single large 
polygon having similar properties. 

3. RESULTS AND DISCUSSION 

Compilation of Climatic Resource Inventory 

The climatic resource inventory comprises of layer information on 
temperature and Length of growing period (LGP). 

Thermal Layer 

A spatial coverage layer was generated using point data on 
temperature in Arc GIS. In the present study, five thermal zones 
have been defined based on temperature intervals of 1°C across the 
zones. Average annual mean temperature ranges from 21°C to 
26°C. The high-lying areas over the extreme north and north-
eastern parts of the state record relatively low temperatures 
representing zones T1 and T2 (≤ 23 °C) and in the low-lying south-
western arid zones (T4 & T5) temperature is ≥24 °C. The high 
temperature in the south-western parts of the state may be due to 
the proximity to the Thar desert, scanty rainfall and lack of 
sufficient vegetative covers. The lower temperature in the northern 
part may be ascribed to its higher latitudinal location and its 
proximity to the foot hills of Himalayas (Siwalik hills). Most of the 
areas of the state however lies with in the moderate thermal zones 
of T2 (22-23°C) to T4 (24-25°C). Area under T3 zone was highest 
followed by T4 zone and the least area under T1 zone. 

Length of Growing Period (LGP) Layer 

The LGP data of different meteorological stations were fed into 
GIS environment and through spatial interpolation method 
(krigging) LGP surface layer map was generated. Altogether seven 
LGP zones were categorized ranging from < 60 days to 180 days 
with an interval of 20-days (Fig 1). Maximum number of days 
(L1=160-180 days) with sufficient moisture for crop growth was 
found in the extreme northern part of Gurdaspur district of Punjab. 
This was mainly due to the occurrence of higher rainfall and lower 
ET demand. The lowest number of days (L7 < 60 days) lies in the 
extreme south-western parts of the state comprising southern parts 
of Firozpur and Muktsar districts. This may be attributed to 
occurrence of less rainfall, higher temperature and subsequent high 
ET demand. Most of the areas of the state however lie with in the 
moderate LGP zones of L5 (80-100 days) to L2 (140-160 days). 
The maximum area was under L3 followed by L4 and L5. The least 
area was under L1 zone. 

Compilation of Present Land Resource INVENTORY 

The land resource inventory comprises of information on soils and 
potential biomass zones. 

Soil Textural Layer 

A soil surface textural map of Punjab state representing 8 major 
textural classes at a scale of 1:250,000 was generated in GIS 
environment at PRSC, Ludhiana through field survey (Fig 1). This 
spatial map on soil texture was used as an input layer in defining 
agro-ecological zones. The mapping units reflect as precisely as 
possible the soil texture of the entire state. Although soil textural 
classes do not represent land characteristics, yet in a regional scale 
study, it has is significance significant in the use and management 
of land. The soil textural classes vary from sandy skeletal to fine 
loamy with major area falling under the class of coarse loamy 
texture. 
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Potential Biomass Layer 

Physically it is nearly impossible to visit the whole state to identify 
the potential biomass zones. However with the introduction of 
remote sensing based NDVI classification approach, identification 
of potential biomass zone in spatial environment seems to be cost 
effective and time saving technology. 

The use of NDVI to estimate standing green biomass is a reliable 
source of biomass data. Ten-day composite NDVI images of SPOT 
data during the years 2004-05 and 2005-06 were used to derive the 
biomass for three different seasons (kharif, rabi and summer). 
Based on NDVI values, the biomass layer was categorized into 
four categories each for rabi and kharif season and three categories 
for summer season. The integration of these three season based 
layers (kharif, rabi and summer), resulted into a single biomass 
zone for the Punjab state (Fig 1). On the basis of biomass 
potentiality, the whole state was divided into three categories as 
moderate (BM), good (BG) and excellent biomass zone (BE). 

Delineation of Thermal-LGP zones 

Thermal layer comprises of five zones and LGP layer comprises of 
seven zones. Through logical combinations of these two layers in 
raster module of Image processing software (PCI Geomatica) seven 
Themal-LGP zones for the state of Punjab was generated (Fig 1). 
For convenience in carrying out further analysis, these seven zones 
have been represented as Z1, Z2 … Z7. Zone 1 (Z1) comprises only 
extreme northern parts of Gurdaspur district. Zone 2 (Z2) comprises 
northern parts of Gurdaspur, Hoshiarpur, Rupnagar and SAS Nagar 
districts of Punjab which has temperature range of 22-23 oC and 
LGP varies from 160-180 days. Z3 and Z4 have similar thermal 
climate (23-24 oC) but different LGP values (120-140 and 100-120 
days). These include districts of Amritsar, Tarn Taran, Ludhiana, 
Jalandhar, Kapurthala, Patiala and sangrur. Z5 and Z6 (Muktsar, 
Faridkot, Bathinda, Mansa) were having similar thermal (24-25 oC) 
but different LGP zones (80-100 and 60-80). The last zone (Z7) was 
the driest and hottest zone having annual average temperature of 
25-26 oC and LGP less than 60 days. It is confined to the 
southernmost part of Firozpur district. 

Delineation of Agro-Ecological Zones 

Basically it was the Thermal-LGP zone on which biomass zone 
was overlaid. Based on this logical combination between biomass 
and Thermal-LGP zones an Agro-climatic layer comprising 
seventeen zones was delineated. When the Agro-climatic layer was 
superimposed on potential biomass and soil layer comprising of 
nine zones, the resultant layer was the agro-ecological zone layer. 
Based on this, the state of Punjab was divided into forty-six (46) 
agro-ecological zones (Fig 2). These zones are represented in the 
format such as ZxBySz where, Z1 … Z7 represents the Thermal-LGP 
zones; BM, BG and BE represents the biomass zones; S1 …S9 
represents the soil textural classes. 

 

 

 

 

Figure 2. Agro-Ecological Zones of Punjab 
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CONCLUSION 

The Agro-ecological zoning approach resulted into 5, 7, 3 and 9 
zones for temperature, LGP, biomass and soil texture, respectively 
in remote sensing and GIS environment for the Punjab state. By 
using logical combination approach, in total 46 Agro-ecological 
zones for the Punjab state were delineated. 
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ABSTRACT:  
 
In this study, an attempt has been made to derive the spatial patterns of temporal trends in phenology metrics and productivity of crops 
grown, at disaggregated level in Indo-Gangetic Plains of India (IGP), which are helpful in understanding the impact of climatic, ecological 
and socio-economic drivers. The NOAA-AVHRR NDVI PAL dataset from 1982 to 2001 available at a pixel size of 8x8 km and at an 
interval of 10 days was stacked together as per the crop year (June to May) and subjected to Savitzky-Golay filtering to remove residual 
noise. For crop pixels, maximum and minimum values of NDVI, their time of occurrence and total duration of kharif (June-October) and 
rabi (November – April) crop seasons were derived for each crop year. These derived parameters were subjected to pixel-wise linear 
regression with time to derive the rate and direction of change. The maximum NDVI value is showing moderate to high increasing trends 
across IGP during both kharif and rabi seasons indicating an increase in productivity of crops. The trends in time of occurrence of peak 
NDVI during kharif dominated with rice is showing that the maximum vegetative growth stage is happening early across most of Punjab, 
North Haryana, Parts of Central and East Uttar Pradesh and some parts of Bihar and West Bengal. Only central parts of Haryana are 
showing a delay in occurrence of maximum vegetative stage. During rabi, no significant trends in occurrence of peak NDVI are observed 
in most of Punjab and Haryana except in South Punjab and North Haryana where early occurrence of peak NDVI is observed. Most parts 
of Central and Eastern UP, North Bihar and West Bengal are showing a delay in occurrence of peak NDVI. In general, the rice dominating 
system is showing an increase in duration in Punjab, Haryana, Wesetrn UP, Central UP and South Bihar whereas in some parts of North 
Bihar and West Bengal a decrease in the duration is also observed. During rabi season, except Punjab, the wheat dominating system is 
showing a decreasing trend in crop duration. 
 
 

                                                                 
*vksehgal@gmail.com 

1. INTRODUCTION 

Agro-ecosystems are one of the most dynamic systems which are 
having all pervasive and profound effects on functioning of bio-
sphere on earth. Agro ecosystem dynamics in general is determined 
by meteorological factors, landscape features and human 
interventions. Many recent studies have shown that agro 
ecosystems are witnessing a general degradation, declining yields 
and total factor productivity. Climate change in general and global 
warming in particular may be contributing to agro-ecosystem 
degradation. In order to detect and study such changes, it is 
essential to quantify the spatial and temporal trends in agro-
ecosystem   parameters at regional scales. For such purposes, field 
data currently available are generally difficult to use because such 
data are traditionally collected at small spatial and temporal scales 
and vary in their type and reliability. Satellite derived remote 
sensing data in this context provides objective and reliable 
measurements of parameters which can be used for quantification 
of regional trends. 

Many studies have reported use of time series of normalized 

difference vegetation index (NDVI) derived from NOAA/AVHRR, 

SPOT/VEGETATION and TERRA or AQUA/MODIS for 

quantification of regional trends in agro-ecosystem parameters and 

modeling response. Agro-ecosystem parameters derived from 

NDVI are crop type distribution, leaf area index, fraction absorbed 

photosynthetically active radiation, net primary productivity and 

vegetation phenology. The derived data on vegetation phenology is 

of prime importance to characterize agro-ecosystem dynamics as it 

is highly sensitive to climatic variability besides being responsive 

to changes in production technology. Vegetation phenology is an 

effective indicator of intra as well as inter annual changes in 

vegetation caused by climatic and anthropogenic factors.  As a 

result, the NDVI derived vegetation phenology has recently 

emerged as a key area of research in biosphere-atmosphere 

interactions, climate change and global change biology. 

Traditionally, vegetation phenology refers to the specific life cycle 

events and their timing based on in-situ observation but phenology 

from satellite is aggregate information at coarse spatial resolution 

that relates to the timing and rates of greening (growth) and 

browning (senescence), timing of maximum photosynthetic 
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activity and duration of active growth phase at seasonal and inter-

annual time scales.  Many approaches of estimating penology from 

time series of NDVI have been published in literature but there is 

no consensus on the optimal approach for producing vegetation 

phenology at pixel or regional scales. Zhang et al. (2003) identified 

key phenological phases of vegetation by fitting a continuous 

logistic function to time series of MODIS VI data and estimating 

phenological transition dates based on inflection point of the curve. 

Based on this approach global maps of annual ecosystem 

phenologies were produced and their comparison with in-situ 

measurements showed realistic estimates of phenological dates 

identified (Zhang et al., 2006).  White and Nemani (2006) used 

phenoregion specific normalized difference vegetation index 

threshold to analyze the phenological behaviour of group of pixels. 

Schwartz et al. (2002) employed a simple method of Seasonal 

Midpoint NDVI (SMN) in which a SMN threshold is defined to 

determine the start and end of season in case of broad leaf forest. 

Schwartz et al. (2004) showed that satellite derived SOS correlate 

well with surface phenology model outputs for deciduous trees and 

mixed woodland but observed lowest correlation of 0.37 for short 

grasses. Zhang et al. (2006) reported strong correspondence of 

phenological metrics estimated from MODIS data with temperature 

pattern in mid and high latitude climates, with rainfall seasonality 

in dry climates and with cropping patterns in agricultural areas. 

This study aimed at deriving the seasonal phenology metrics of 

agroecosystem dominant in short grasses (cereal crops) from multi-

date NOAA AVHRR PAL dataset for Indo-gangetic plains of 

India. The phenology measures were derived separately for kharif 

(June-October) and rabi (November – April) crop seasons for 19 

years from 1982 to 2001 and dominated by rice and wheat crops, 

respectively. The spatial patterns of temporal trends in phenology 

metrics for both the seasons were derived and analyzed at 

disaggregated level (pixel-wise) and at aggregated level (State 

wise). 

2. METHODOLOGY 

2.1 Study Area 

The study was carried out for Indo-Gangetic plains (IGP) of India 

which are under intensive cultivation for long. The states which 

falls in the Indian IGP are Punjab, Haryana, Himachal Pradesh, 

Uttar Pradesh (including present day Uttaranchal), Bihar (including 

present day Jharkhand) and West Bengal covering a total area of 

57.66 M ha (Figure 1).During kharif season, rice is the dominant 

crop throughout IGP with some area under cotton and maize also, 

whereas, during rabi season wheat is the dominant crop in all States 

except in West Bengal where rice and potato dominate. 

 

Figure 1. India State Map Showing Study Area (Shaded) Falling 
in Indo-Gangetic Plains 

2.2 Satellite Data Pre-processing 
 
The study used NDVI Land data set produced as a part of 

NOAA/NASA Pathfinder AVHRR 8 km land (PAL) generated 

from series of NOAA satellites .The PAL datasets provides a 

continuous and uniformly processed daily and 10 days composite 

dataset from July 1981 to September 2001. This dataset 

incorporates normalization with respect to sensor calibrations, solar 

elimination conditions and noise due  to atmospheric constituents 

such as aerosols, ozone etc.  The dataset was downloaded from the 

website of distributed active archieve of Goddard space flight 

centre. The 10-day NDVI regional dataset available for asia 

continent in goods homosoline projection were stack together 

corresponding to each crop year i.e. June of first year to May of 

next year and the area corresponding to Indo-Gangetic plains of 

India were extracted. Though the NDVI is composited on the 10 

day interval many studies have reported diminished utility of PAL 

NDVI dataset due to significant residual cloud contamination, 

atmospheric variability, and bi-directional effects (Lovell et al., 
2001; Chen et al., 2004). So the yearly NDVI time series images 

were subjected to pixel wise filtering by following Savitzky-Golay 

filter based technique (Chen et al., 2004). The algorithm for 

Savitzky-Golay filter based technique was coded in IDL-ENVI. 

Savitzky-Golay filter is a simple robust method to smooth out noise 

in NDVI time series specifically that caused primarily by cloud 

contamination and atmospheric variability. This method make data 

approach the upper NDVI envelope and to portray the NDVI 

change to an iteration process. The IGBP DISCover 1 kilometer 

global land cover dataset (Loveland et al., 2001) aggregated to 8km 

pixel size was used to develop cropland mask for the study area. 
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2.3 Computing Phenology Metrics 

The phenology metrics derived for each of the two crop seasons 
(kharif and rabi) in the study were: 

1. Peak value of NDVI (Ym) 

2. Time of the peak NDVI (Xm) 

3. Time of start of the season (Xleft) 

4. Time of end of the season (Xright) 

5. Duration of the active growth season (FWHM)  

As there is no consensus on the optimal approach for deriving 

vegetation phenology especially for agricultural crops, a simple 

approach based on fitting a second order parabolic curve to 

seasonal filtered NDVI profile was implemented. This approach is 

illustrated in figure 2. A parabolic curve was fitted to the seasonal 

NDVI values as given by the following equation: 

ax2 + bx + c=0              (1) 

where, a and b are coefficients, c is the constant and x refers to 
time. The time of maximum NDVI (Xm) was calculated as 
follows: 

Xm= (-b/2a)  (2) 

The value of maximum NDVI (Ym) was computed by substituting 
value of Xm in eq (1). 

As the NDVI profiles were not starting from the origin but having 

an offset in values, so a base NDVI value (NDVIbase) was chosen 

for each season depending on the minimum NDVI obtained 

between the kharif and rabi season profiles. The half of peak NDVI 

value (Y1/2) was computed as follows: 

Y1/2 = (Ym-NDVIbase)/2 + NDVIbase (3) 

Now in order to determine the time when the Y1/2 value intersect 

the left side and right side of NDVI profile, straight line equation 

was fitted separately for left and right sides such that this line pass 

through Y1/2.  

Yleft = Mleft * X + Cleft (4) 

Yright = Mright * X + Cright (5) 

The time of start of the season (Xleft), end of the season (Xright) 

and duration of active growth season (FWHM) were calculated as 

follows 

Xleft = (Y1/2 - Cleft)/ Mleft (6) 

Xright = (Y1/2 - Cright)/ Mright (7) 

FWHM = Xright – Xleft (8) 

It may be noted that Xleft and Xright are indicator of start and end 

of season, respectively, but are not actually start and end of season 

in true sense.  These phenology metrics were computed for kharif 

and rabi season of each year of the study period at pixel level and 

were also aggregated for crop pixels at state level. 
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Figure 2. Schematic Showing Phenology Metrics for Kharif and 
Rabi Seasons 

2.4 Spatial Trends in Phenology Metrics 

The year-wise seasonal five phenology metrics were subjected to 

linear regression with time to derive the rate and direction of 

change in them as well as their Person correlation coefficient. 

Based on degrees of freedom (n=19) and 90% confidence level (2-

tailed), a correlation coefficient between -0.3 to 0.3 was considered 

no change in parameter, whereas value less than -0.3 showed a 

significant decreasing trend in parameter over time and a value 

above 0.3 showed a significant increasing trend in parameter over 

time. The pixel wise correlation coefficient images for each 

parameter were density sliced as per this criteria and direction of 

change maps were generated for kharif and rabi seasons. Range 

and mean statistics of the phenology metrics were calculated at 

State level and for the whole IGP.  

3. RESULTS 

State-wise percentage of net sown area (NSA) showing significant 

increasing and decreasing trends in different phenology metrics for 

kharif and rabi seasons are given in Table 1. The density sliced 

maps of trends in phenology metrics are shown in Figure 3 for both 

kharif and rabi seasons. 
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Ym Xm Xleft FWHM S t a t e Season 

DT IT DT IT DT IT DT IT 
Kh 0.5 70.5 63.6 1.3 59.2 2.1 10.2 33.7 PUN 
Ra 1.2 62.5 43.2 0.7 52.0 2.7 3.1 47.7 
Kh 0.0 51.8 20.3 5.1 28.5 2.7 6.4 28.1 HP 
Ra 3.0 12.3 2.7 24.7 12.7 5.8 7.4 5.6 
Kh 0.4 63.1 14.6 18.2 46.7 1.0 2.5 54.5 HAR 
Ra 0.1 92.2 28.0 4.9 9.6 22.4 14.7 12.0 
Kh 0.8 71.7 22.7 6.3 25.4 3.3 7.6 38.5 UP 
Ra 0.8 54.2 5.3 30.4 3.9 38.9 24.3 7.1 
Kh 1.4 65.4 25.8 3.4 5.3 19.6 9.1 22.5 BIH 
Ra 6.2 35.0 2.0 38.4 6.4 20.2 22.7 5.4 
Kh 0.8 65.1 22.8 4.5 7.7 28.1 17.9 17.4 WB 
Ra 2.7 56.1 4.1 45.8 11.4 20.9 26.5 7.5 
Kh 0.9 68.1 25.8 5.8 22.9 10.3 9.1 32.4 IGP 
Ra 2.4 52.7 9.5 29.6 10.4 26.7 21.2 10.7 

DT: Decreasing trend; IT: Increasing trend; Kh: Kharif season; Ra: Rabi Season 

Table 1: Percentage of Net Sown Area of States and IGP Showing Significant Decreasing and Increasing Trends of Different Phenology 
Metrics During Kharif and Rabi 

 

The peak value of NDVI (Ym) is showing increasing trend in both 
kharif and rabi seasons. Of the net sown area of IGP, about 68% in 
kharif and 53% in rabi is showing significant increasing trend in 
peak NDVI, whereas, 31% in kharif and 45% in rabi is not 
showing any significant trend. The area showing decreasing trend 
in both the seasons is negligible. It shows that crop yields have 
increased in majority of the area in IGP in both kharif and rabi 
seasons which is mainly a result of improvement in technology 
leading to better management of crops during the study period. 

The trends in time of occurrence of peak NDVI (Xm) during kharif 
dominated with rice is showing that the maximum vegetative 

growth stage is happening early across most of Punjab, North 
Haryana, Parts of Central and East Uttar Pradesh and some parts of 
Bihar and West Bengal. Only central parts of Haryana are showing 
a delay in occurrence of maximum vegetative stage. During rabi, 
no significant trends in occurrence of peak NDVI are observed in 
most of Punjab and Haryana except in South Punjab and North 
Haryana were early occurrence of peak NDVI is observed. Most 
parts of Central and Eastern UP, North Bihar and West Bengal are 
showing a 

 

Figure 3. Maps Showing Trends in Different Crop Phenology Metrics for Kharif and Rabi Seasons in Indo-Gangetic Plains of India 
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delay in occurrence of peak NDVI. In North Bihar a delay in 
occurrence of maximum vegetative stage is observed. Overall, 
across IGP 26% of NSA is showing early occurrence of peak 
NDVI during kharif whereas 30% of NSA is showing delay in 
occurrence of peak NDVI during rabi for the study period. On the 
average for IGP, time of peak NDVI is happening 16 days early 
during kharif and is  getting delayed by 19 days during rabi across 
IGP during 1981 to 2001.  

The trends in time of start of the season (Xleft) during kharif is 
showing that season is starting early across Punjab, Haryana and 
Uttar Pradesh, whereas, in some areas of East Bihar and West 
Bengal, it is getting delayed. During rabi, the time of start of 
season is getting delayed across most of Uttar Pradesh, Bihar and 
West Bengal but is happening early in south Punjab and north 
Haryana. Across IGP, 26% of NSA is showing that kharif season 
is happening early but getting delayed in 6% of NSA. In rabi 
season, 10% of NSA is showing season starting early but getting 
delayed in 27% of NSA. On average across IGP, kharif season is 
starting 15 days early, whereas start of rabi season is advancing by 
25 days. 

The duration of kharif season (FWHM) is showing increasing 
trend across Punjab, Haryana, Wesetrn UP, Central UP and South 
Bihar whereas in some parts of South Punjab, North Bihar and 
West Bengal a decrease in the duration is also observed. During 
rabi season, except Punjab and some pockets of Haryana, the 
wheat dominating system is showing a significant decreasing trend 
in crop duration. During kharif, 9% of NSA is showing decreasing 
trend and 32% of NSA is showing increasing trend in season 
duration, whereas, during rabi, 21% of NSA is showing decreasing 
trend and 11% of NSA is showing increasing trend in duration. On 
average across IGP, the duration of kharif season is increasing by 
40 days whereas duration of rabi season is reducing by 24 days 
during the study period. 

CONCLUSION 

The study presented a methodology of preprocessing of AVHRR-
NDVI images, deriving season-wise various phenology metrics for 
croplands and generating their trends during 1982 to 2001 period 
in IGP of India. 

The study clearly shows that crops productivity is showing 
increasing trend through out the IGP during both the seasons. The 
phenology metrics of time of start of season, time of peak 
vegetative stage and duration of season are showing significant 
trend (either increasing or decreasing) in about 40% of NSA. 

In general, the kharif season dominated with rice is showing an 
increase in duration which is the result of early start of season 
resulting in early occurrence of peak vegetative stage. In contrast, 
the rabi season is showing decrease in duration. The study shows 
that it is happening due to clear delay in start of rabi season which 
is also resulting in delay in time of occurrence of peak vegetative 
stage. Exception is Punjab state where rabi season duration is 
showing moderate increase and an early start of season with early 
happening of peak vegetative stage. 

This study demonstrates usefulness of multi-temporal satellite 
dataset for deriving spatial patterns in trends of crop phenology 
metrics. Such spatial and temporal patterns are important source of 
information to study the impact of natural causes and 
anthropogenic interventions on agro-ecosystem in long run. 
Further, long term changes in climatic parameters can be related to 
spatial and temporal pattern of crop phenology to quantify the 
impact of climate change and variability on functioning of agro-
ecosystem at regional scales. 
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ABSTRACT: 
 
Albedo determines radiation balance of land (soil-canopy complex) surface and influence boundary layer structure of the 
atmosphere. Accurate surface albedo determination is important for weather forecasting, climate projection and ecosystem 
modelling. Albedo-rainfall feedback relationship has not been studied so far using observations on spatial scale over Indian 
monsoon region due to lack of consistent, systematic and simultaneous long-term measurements of both. The present study used ten-
day satellite (e.g. NOAA) based Pathfinder AVHRR Land (PAL) datasets between 1981 and 2000 over India (68-100°E, 5-40°N) at 
8 km. Land surface albedo was computed using linear transformation of red and near infrared (NIR) surface reflectances. The cloud 
effects were removed using a smoothening filter with harmonic analysis applied to time series data in each year. The monthly, 
annual and long term means were computed from ten-day reconstructed albedo. The mean and coefficient of variation (CV) of 
surface albedo over seventeen years, averaged over Indian land region, were found to show a decreasing (0.15 to 0.14 and 39 to 
34%, respectively) trend between 1981 and 2000. Further analysis showed that, among all the land use patterns, the inter-annual 
variation of albedo of Himalayan snow cover showed a prominent reducing trend (0.42 – 0.35). This could be due to increase in 
snow melting period and snow melt area. The annual rainfall measured at IMD (India Meteorological Department) gauging stations, 
interpolated and averaged over 35×33 grids (1° x 1°) also show declining trend (1300 to 1150 mm) during this period, suggesting 
strong coupling between snow albedo and rainfall. A strong inverse exponential relation (correlation coefficient r=0.95, n=100) was 
found between annual rainfall and annual albedo over seven rainfall zones. 

 
1. INTRODUCTION 

Satellite remote sensing data in optical, thermal infrared and 
microwave bands with synoptic observations from space 
platform are ideal to study long term changes on earth surface 
that really took place or are happening at variety of spatial 
scales (local, regional, continental) as compared to model 
simulations driven by many uncertain boundary conditions. 
However, a long term database of satellite observations call for 
(i) continuity of satellite sensors with similar spectral bands 
with accurate radiometric calibration, spatial resolution and 
time of overpasses (ii) similar retrieval algorithm (iii) 
systematic data storage on the same projection over the years. 
The remote sensing observations from past, current and future 
suite of large swath (moderate to coarser resolution) polar 
orbiting and geostationary satellite sensors can be utilized to 
study long term change. It is well known that different land 
surface types can affect climate in a variety of ways, perhaps 
the most important being their effects on surface albedo, 
normalized difference vegetation index (NDVI) and land 
surface temperature (LST). A change from grassland or crops to 
forest will tend to decrease albedo and increase aerodynamic 
roughness length. In contrary, the clearing of forests and their 
replacement by cropland or pastures increase the surface albedo 
and thus decrease the absorption of incoming shortwave 
radiation. Increase in albedo should decrease net radiation and 
warm the surface, while the increase in roughness should 

enhance the turbulent exchange of energy and thereby tend to 
cool. In the physical climate system, albedo determines the 
radiation balance of the surface and affects the boundary-layer 
structure of the atmosphere. In ecological system, albedo 
controls the microclimate conditions of plant canopies and their 
radiation absorption, which in turn, affect ecosystem physical, 
physiological and biogeochemical processes such as energy 
balance, evapotranspiration, photosynthesis and respiration. 
Several studies have shown that surface albedo has a negative 
effect on moisture flux convergences and rainfall. 
Desertification results generally into droughts by a positive 
feedback between land and atmosphere caused by high surface 
albedo. This has been demonstrated through simulation by 
several workers (Charney et al., 1975; Chervin, 1979; Dirmeyer 
and Shukla, 1996). Very little work has been done over Indian 
monsoon region in this direction to generate realistic seasonal 
climatic surface albedo and its fundamental coupling with 
rainfall or surface wetness. The present study was carried out 
with the following objectives: 

1. To generate least cloud contaminated long term surface 
albedo and its long term trend over Indian landmass 
using surface reflectance data in red and near-infrared 
(NIR) bands of NOAA AVHRR Pathfinder between 
1981-2001 
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2. To study the coupling between diagnostic albedo from 
satellite observations and gridded rainfall from in situ 
measurements 

2. STUDY REGION AND DATASETS 

The present study used NOAA PAL data on Indian subsets (68-
100°E, 5-40°N) from Asian continental datasets between 
January 1981 and December 2000. The pathfinder Advanced 
Very High resolution Radiometer (AVHRR) Land (PAL) 
datasets are terrestrial global data, mapped at 8-km equal area 
projection, produced from archived data from 5 channel 
AVHRR sensor on board NOAA satellite, namely NOAA-7, 
NOAA-9, NOAA-11, NOAA-12 and NOAA-14. Ten-day 
NDVI were made as maximum value composites (MVC) from 
consequtive ten days starting from 1st day of a month. There are 
three such dekadal (10-day) composites in a given month. The 
third dekads contain eight day or nine day (for leap year) 
composite in the month of February and eleven day composite 
for the months of January, March, May, July, August, October 
and December. All other composite products including channel 
reflectances and brightness temperatures were generated 
picking up pixel values of different variables from those days of 
corresponding maximum NDVI. 

3. METHODOLOGY 

3.1 Computation of surface albedo 

Land surface albedo (A) was computed using linear 
transformation from red and NIR narrowband reflectance’s 
given by Valiente et al. (1995).The coefficients were generated 
with exhaustive radiative transfer simulations for different 
scenario of atmospheric conditions, surface types and albedo 
using relative spectral response (RSR) of NOAA AVHRR. 

A = 0.035 + 0.545CH1 + 0.32CH2 
 (1) 

This model was later validated with in situ measurements. 

3.2 Harmonic analysis and reconstruction of albedo com-
posites 

The opetical data from satellite sensors are often perturbed by 
the presence of clouds and dense haze. The presence cloud 
increases the reflectivity in red and NIR bands as compared to 
land surfaces. Time series composite satellite data generally 
show internal spikes due to persistent cloudy conditions when 
cloud could not be removed while compositing. These datasets 
need to be temporally smoothed before analysis. This study 
used the HANTS (Harmonic Analysis of Time Series) 
algorithm (For detailed algorithm, see Menenti et al., 1993; 
Roerink et al., 2000). The HANTS algorithm was devised with 
the application to the time series of NDVI images in mind. The 
presence of Clouds always increases the pixel albedo though 
compositing removes the short-term cloud effects. In HANTS a 
curve fitting is applied iteratively, i.e. first a least square curve 
is computed based on all data points and the next observations 
are compared to the curve (Julien et al., 2006). Albedo that are 
clearly above the curve are candidates for rejection due to cloud 
cover, and the points that have the greatest positive deviation 

from the curve therefore are removed first. Next a new curve is 
computed based on the remaining points and process is 
repeated. Pronounced outliers are removed by assigning a 
weight of zero to them, and a new curve is computed. This 
iteration eventually leads to a smooth curve that approaches the 
lower envelope over the data points. In this way cloudy 
observations have been removed and the amplitudes and phases 
computed are much more reliable than those based on a 
straightforward FFT (Fast Fourier Transform). This algorithm 
was run over 36 decadal albedo datasets in each year between 
1981 and 2001. The frequency, Fit Error Tolerance (FET), 
Degree of Over Determinedness (DOD) was kept as 5, 3 and 5, 
respectively. A temporally consistent albedo has been 
reconstructed in this study from ten-day albedo from PAL 
surface reflectance over the years. 

3.3 Preparation of Zonal Rainfall from Annual Gridded 
Databases 

The ASCII file of daily gridded rainfall data were read through 
IDL (Interactive Data Language) routines. The daily gridded (1° 
x 1°) rainfall were generated using Shepard interpolation 
(Rajeevan et al, 2006) through measured rainfall data from 1803 
IMD (India Meteorological Department) stations in India. The 
daily rainfall data were further summed up to produce annual 
total. India has clear demarcation of seven (7) rainfall zones 
defined by IMD as given below : 

1. Zone I : < 200 mm per year 

2. Zone II : 200mm to 400 mm per year 

3. Zone III: 400mm to 800 mm per year 

4. Zone IV: 800 mm to 1000 mm per year 

5. Zone V : 1000 mm to 2000 mm per year 

6. Zone VI: 2000 mm to 4000 mm per year 

7. Zone VII: > 4000 mm per year 

The boundaries of rainfall zones were digitized to generate 
seven zonal polygons with geographic latitude / longitude 
projection. The annual total gridded rainfall averaged over each 
zone was extracted for all the years between 1982 and 2000 to 
investigate the albedo-rainfall feedback on spatial context. The 
overall methodology is shown schematically in Figure 1. 

 

Figure 1. Overall Flow of Data Processing 
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4. RESULTS AND DISCUSSION 

4.1 Effect of Temporal Smoothening and Climatic Land 
Surface Albedo 

Typical examples of temporally smoothened albedo over 
different land surface categories such as: desert, agriculture and 
forest for year 2000 are shown in Figure 2. The spikes due to 
clouds and other significant atmospheric noises were removed 
through the smoothening technique. The monthly climatic 
albedo was also computed from three dekadal albedo in a given 
month over twenty years. The climatic albedo varied between 
0.07 over forest to as high as 0.9 over snow. Among all the land 
cover types, the highest seasonal dynamics was found over 
snow between 0.15 in July-August to 0.9 in February-March. 
Among forest, desert and agriculture, the latter showed a 
seasonality between 0.1 to 0.2 with the lowest in August 
corresponding to peak growth. The forest land use showed 
lowest seasonality. The albedo seasonality averaged over 
different cover types are exemplified in Figure 3 from climatic 
monthly means. The spatial distribution of monthly climatic 
albedo is shown in Figure 4. These monthly climatic albedos 
are useful inputs to climate models such as GCM and RCM. 
The monthly surface albedos can be used as ground reference 
albedo in connection with TOA (Top-of-atmosphere) albedo 
from broad VIS band in Indian geostationary sensors to derive 
the integrated atmospheric optical depth and turbidity over 
Indian landmass. Till now, climate modelers in India have 
relied upon the average or single albedo value instead of 
spatially and temporally varying climatic albedo over Indian 
sub-continent to specify as input to climate model for predicting 
intra seasonal variability of Indian south-west monsoon rainfall. 
This is the first exhaustive attempt to generate temporally 
consistent spatial albedo having higher grid resolution (8 km X 
8km) than climate model grid resolution (For RCM : 30km x 
30km; For GCM : 100 km x 100km) from synoptic and 
diagnostic observations from satellite sensor. 

 

 

Figure 2. Examples of Temporal Smoothening of Surface 
Albedo Over Different Land Cover Types 

 

Figure 3. Seasonal Dynamics of Surface Albedo Over Different 
Land Use Classes 

 

Figure 4. Examples of Monthly Surface Albedo Over Indian 
Landmass 

4.2 Trend analysis of surface albedo over Indian landmass 

The climatic mean surface albedo from seventeen years, 
averaged over Indian land surface, was found to show a 
decreasing trend (Figure 5) between 1982 and 2000. There was 
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Figure 5. Long Term Trend in Annual Land Surface Albedo of 
India 

a sharp decline of standard deviation and coefficient of 
variation (CV) to the tune of 0.06 to 0.04 and 60 to 40 
percent.The surface albedo generally decreases with increase in 
vegetation amount or surface wetness. Among all the land use 
categories, the crop lands, deciduous forest and snow are most 
dynamic on annual scale. The first two are dependent on soil 
wetness and later is dependent on annual temperature cycle 
causing snow melt in summer-monsoon months leading to 
lowering of albedo and freezing during winter months resulting 
into increase in albedo.The increasing wetness from more 
irrigated areas brought under canal command and recent 
technological shift towards in situ field water conservation 
instead of more drainage may cause the lowering trend of 
albedo. 

4.3 Albedo-Rainfall Coupling 

The anthropogenic change in land use pattern and land surface 
albedo generally have strong influence on micro and meso-
climatic conditions. Large scale deforestation causes warming 
and increase in atmospheric buoyancy thereby hinder to 
raindrops to fall on surface. The cooling due to transpiration 
from presence of forest or plantations facilitates precipitation. 
The coupling between surface albedo and rainfall at spatial 
scale need to be investigated in order to characterize albedo- 
rainfall relationship. The plot of annual mean albedo averaged 
over different rainfall zones and IMD gridded annual rainfall 
from observations over those zones was made. Here, the 
gridded rainfall over snow was not considered because the fifty 
years’ average annual rainfall from the extrapolation of single 
station observation does not match with the existing climatic 
rainfall zone map. There was strong inverse exponential relation 
with correlation (r = 0.95) between satellite observed albedo 
and observed gridded rainfall (Figure 6). Similar relations were 
found out in West Africa between albedo and rainfall by several 

workers (Charney, 1977, Fuller et al 2002., Govaerts et al, 
2008). This is the first time such an attempt has been made in 
India. This relationship is highly sensitive to albedo errors. A 
small error in albedo may translate into large error in predicted 
rainfall. The albedo anomaly is expected to be coupled with 
rainfall or land (canopy + soil) surface wetness. This study 
established the potential use of albedo anomaly for in-season 
monitoring of land surface state. 

 

Figure 6. Relationship Between Zonal Rainfall and Albedo 

CONCLUSION 

This is the first study in India to study the long term albedo 
changes in different land use systems as well as albedo-rainfall 
feedback relation using satellite data and measured rainfall on 
regional scale. The most significant finding is that there is 
declining trend in albedo over Indian landmass. This could be 
both due to (i) higher vegetation growth in no-snow areas and 
(ii) increase in snow melting period and increase in snow-melt 
area. Further analysis is needed to correlate this past albedo 
trend with the current trend during 2001 to 2010 over different 
land uses. 
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ABSTRACT: 
 
The MODIS (or Moderate Resolution Imaging Spectroradiometer) 250 m EVI dataset provides a valuable ongoing means of characterising 
and monitoring changes in land use and resource condition. However the multiple factors that influence a time series of greenness data 
make the data difficult to analyse and interpret. Without prior knowledge, underlying models for time series in a given remote sensing 
image are often heterogeneous. So while conventional time series analysis methods such as wavelet transform and Fourier analysis may 
work well for part of the image, these models are either invalid or require to be substantially re-parameterised for other parts of the image. 
To overcome these challenges we propose a new approach to distil information from earth observation time series. The characteristic of a 
remote sensing time series are represented by a set of statistics (which we call coefficients) selected to correspond to the dynamics of a 
natural system. To ensure the coefficients are robust and generic, statistics are calculated independently by applying statistical models with 
less complexity on shorter segments within the time series. An International Standards Organization (ISO) Land Cover classification was 
generated for cropping regions in the Gwydir and Namoi catchments, in Australia. Areas identified in the classification as irrigated and rain 
fed cropping were analysed using a tailored time series analysis tool. The crop analysis tool identifies time series features such as the 
number and duration of fallow periods, crop timing, presence/absence of a crop during a year and the area under the curve (cumulative 
green biomass) for a specific growing season. This information is combined with paddock boundaries derived from Landsat imagery to 
provide detailed year-by-year insight into cropping practices in the Gwydir and Namoi catchments. 
 
 

0. INTRODUCTION 

1.1 Analysing Time Series of Remotely Sensed Imagery 

Many current time series analysis methods used in remote sensing 
imagery analysis reconstruct a time series with one or a set of 
functions from a particular function class. Such methods often 
come with strong model assumptions and arbitrary parameters 
which must be manually specified. For example, autoregressive-
moving average (ARMA) model assumes targeted time series are 
stationary (Emanuel 1982; Hamilton 1994), i.e., the behaviour 
(estimated parameters) of the time series do not shift dramatically 
along the time line. In many cases, such assumptions do not hold. 
In order to apply analysis methods such as wavelet transform 
(Percival and Walden 2006) and harmonic (Fourier) analysis 
(Roerink et al. 2000), a noisy and non-stationary remote sensing 
time series must be divided into a series of sub-time series in which 
model pre-requisites are satisfied. However, even with correctly 
pre-specified parameters, the temporal resolution of these sub-time 
series is often too limited for most conventional time series 
analysis. 

The proposed remote sensing time series analysis method adopts a 
new strategy, which is inspired by following observations: a time 
series can be divided into a sequence of sub-time series with 
shorter lengths. Characteristics of a time series can be represented 
by a set of generic statistics extracted from these sub-time series. 
More sophisticated statistical methods with these generic statistics 
as input variables are more appropriate and less restricted to solve 
target problems. The method does not attempt to solve specific 
problems directly through tailored time series analysis algorithms. 

Instead, solutions for specific remote sensing applications are 
obtained in two stages. In the first stage, a set of statistics are 
extracted from many shorter sub-time series within the original 
time series. These statistics are generic, i.e., they are independent of 
model assumptions. No parameters need to be specified, therefore 
no prior knowledge has been assumed in the process. Then in the 
second stage, remote sensing scientists pursuing more specific 
targets are able to use these statistics as input features for 
sophisticated statistical analysis. 

Advantages of the proposed method are: new types of statistics can 
be added to the record when new demands arise; statistics can be 
added to the record when new remote sensing imagery arrives; 
records can be stored in standard relational databases and relevant 
statistics can be retrieved using queries by various end users via 
web interfaces; relevant features for user specified targets can be 
obtained directly from the pre-calculated statistics or derived from 
them, re-usability and flexibility of the statistics are high; and 
statistics can be used as input features for sophisticated machine 
learning and statistical modelling of specific targets. The algorithm 
can be implemented in multi-threaded frameworks and be executed 
on high performance super computers or clustered servers. When 
the feature extraction procedure finishes, real-world problems can 
be solved by the proposed method, for example: clustering pixels 
in remote sensing imagery into homogeneous land cover classes, 
using various subsets of the coefficients; identifying bush fire 
events and the associated recovery period. 
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1.2 Time Series Analysis of Cropping Behaviour 

MODIS Vegetation Index (VI) products are designed to provide 
consistent spatial temporal comparisons of vegetation conditions 
that can be used to monitor photosynthetic activity (Heute et al, 
2002). Wardlow and Egbert (2005) demonstrated a scheme that 
uses MODIS 250m time series data to generate regional-scale crop 
mapping in the U.S. Central Great Plains. They concluded that the 
MODIS time series based approach was a cost and time-efficient 
means for large scale mapping. Jakubauskas et al (2001) applied 
harmonic analysis to VI time-series data to characterise seasonal 
changes to agricultural land use in southwest Kansas. They 
demonstrated the benefits of applying harmonic analysis to time-
series remote sensing data for identification of crop types and 
reducing data volumes. Potgeiter et al (2007) investigated 
multivariate methods to estimate crop area for wheat, barley, 
chickpea, and total winter cropped area for a cropping region in 
northeast Australia. They reported that all multi-temporal methods 
showed significant overall capability to estimate total winter crop 
area. Thankappan et al (2008) demonstrated the feasibility of using 
time-series MODIS VI data for determining winter crop area in 
north-western Victoria, Australia, and highlighted the broader 
applicability of harmonic analysis to monitor landscape change. 
Xiao et al (2005) developed a paddy rice mapping algorithm that 
uses a time series of three vegetation indices derived from MODIS 
data to map paddy rice fields in 13 provinces of southern China. 
Their results showed that the MODIS-based paddy rice mapping 
algorithm could be applied at large spatial scales to monitor paddy 
rice. MODIS VI time series data was used for this work based on 
results from studies reported above. 

0. METHODOLOGY 

MODIS Enhanced Vegetation Index (EVI) time-series data from 
2000 to 2007 was used for our methodology. The time series 
analysis scheme is proposed as a generic toolkit for remote sensing 
time series analysis. The aim is to provide a quantitative 
assessment of various aspects of ground phenomenon through a 
robust and generic modelling process, which in turn captures 
statistics related to characters of corresponding ground 
phenomenon. The proposed scheme consists of two stages. In the 
first stage, the time series data are passed through two filters to 
remove noisy elements in the MODIS time series. In the second 
stage, a set of 12 coefficients are calculated. 

2.1 Noise Removal 

The noise removal process consists of two stages. In the first step, 
time series data pass through a spectral filter which removes data 
points with abnormal values. Such points are defined as points 
which satisfy both the following conditions. 

 Have a very high or very low 
value , where u is the 
mean of the time series and σ is the standard deviation of 
the time series. 

 In the middle of a sudden rise (rate of rise above 95th 
percentile) and a sudden drop (rate of rise below 5th 
percentile) in the time series or vice versa 

After the first step, most of the noisy data points are filtered out. 
However, consecutive noisy data points presented in some time 

series could not be detected by the spectral filter. Studies (Green et 
al 1988) have found that the distribution of noise in remote sensing 
imagery display strong local patterns. Hence, a spatial filter is 
designed to detect noisy elements missed by the spectral filter. The 
spatial filter detect points satisfying one of following conditions 

 A large amount of noisy points (>75%) present among 
the neighbours 

 Have exceptional high (or low) values ( ) 
compared to those of neighbours. 

The values of thresholds are based on experimental results on 
training samples provided by remote sensing scientists. 

2.2 Time Series Coefficients 

Twelve time series coefficients were developed in collaboration 
with remote sensing scientists. The goal was to capture different 
aspects of the characteristics of a remote sensing time series in the 
coefficient set. Therefore, as shown in subsequent sections of this 
paper, the set provided sufficient information to distinguish most 
land cover and land use features in earth observation imagery. 

 
2.2.1 Mean: 

 

It is defined as the statistical mean of the time series, where  are 
the values of time series and N is the size of the time series. It 
measures the average level of the time series signals over the long 
term. 

2.2.2 Standard Deviation: 

 

It is defined as the statistical standard deviation of the time series. It 
measures the standard deviation of the time series signals over the 
long term. 

2.2.3 Flatness: 

Step 1: Sort the time series in ascending order such that 
 

Step 2: Conduct a one-dimensional nearest neighbour clustering on 
the sorted time series, i.e., find the index C to separate two clusters, 
such that 

 

 

Step 3: Define the threshold  where 
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and k is a predefined constant. 

Step 4: Find the set of sub-time series  satisfying 

 

Where  is a predefined minimum length. 

Step 5: Calculate the coefficients defined as the ratio of the sum of 
the lengths of such sub-series against the length of the whole time 
series 

 

2.2.4 Rate of Rise: 

Step 1: Define a set of sub time series 

 

Step 2: Calculate the rate of change . Let 
 are the first and the last elements in the 

sub time series respectively, then 

 

Step 3: Find the non-overlapping subset  with the 
maximum sum of  

 

Step 4: Calculate the coefficient by averaging the rate of change 
 in set P 

 

2.2.5 Rate of Drop: 

The procedure to calculate the coefficient rate of drop is similar to 
the procedure described in the above section. However, this time 
we are interested in the low end of the distribution of . 

Step 1: Define a set of sub time series 

 

Step 2: Calculate the rate of change . Let 
 are the first and the last elements in the 

sub time series respectably, then 

 

Step 3: Find the non-overlapping subset  with the minimum 
sum of (negative)  

 

Step 4: Calculate the coefficient by averaging the rate of change 
 in set P 

 

2.2.6 Global minimum: Step 1: Sort the time series in ascending 
order so that  

Step 2: Calculate the coefficient by averaging the first M elements 
of the sorted time series, M is a predefined constant (in our 
implementation, M takes the value of the number of calendar year 
in the time series) 

 

2.2.7 Average length of cycle: Step 1: Define a set of sub time 
series 

 

that satisfy the following conditions 

 

where  is the maximum,  is the first and  is the last 
element in sub time series .  is the threshold obtained from step 
3 for calculating Flatness. 

Step 2: Calculate the coefficient by averaging the length of the sub 
time series  in the set P 

 

2.2.8 Global maximum: Step 1: Sort the time series in ascending 
order so that  

Step 2: Calculate the coefficient by averaging the last M elements 
of the sorted time series, M is a predefined constant (in our 
implementation, M is the value of the number of calendar year in 
the time series) 

 

2.2.9 Ratio of the Global Maximum to the Annual Maximum 

The Annual maximum is calculated as the mean of the maximum 
in each calendar year of the time series. Then the coefficient is the 
ratio of annual maximum against the Global maximum. 

2.2.10 Mean timing of the maximum: Assuming that time series 
is observed in a regular base, calculate the coefficient by averaging 
the timing (index) of the maximum element in each calendar year 
of the time series 

2.2.11 Standard deviation in the timing of the maximum: 
Assuming that time series is observed in a regular base, calculate 
the coefficient as the standard deviation of the timing (index) of the 
maximum element in each calendar year of the time series 

2.2.12 Annual minimum: The Annual minimum is calculated as 
the mean of the minimum in each calendar year of the time series. 
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2.3 Study area: The study area covers the Gwydir and Namoi 
catchments in north western New South Wales, Australia. There is 
a mix of land uses including irrigated agriculture (predominantly 
cotton), broadacre agriculture (mixture of oil-seed, hard wheat, 
durum wheat, sorghum and pulses), grazing of native and improved 
pastures (beef, wool and lambs), and reserves of native vegetation 
(Scott et al. 2004). The native vegetation ranges for open woodland 
towards the western edge of study area, and becomes increasingly 
dense towards the eastern edge, with pockets of closed forest on the 
slopes of Mt Kaputar. Irrigation flows are supplied from dams on 
the Gwydir and Namoi rivers. There is also a strong rainfall 
gradient from east to west, with areas in the east receiving more, 
and more consistent rainfall (~700mm per annum), whereas areas 
in the west receive less rainfall and the rainfall is less reliable 
(~450mm per annum) (Scott et al. 2004). 

 

2.4 Generating a Classification using the Time Series 
Coefficients 

A combination of aerial survey data and field survey data were 
used to identify different land cover types within the Gwydir 
catchment. Over 1000 polygons were identified and assigned a 
land cover type. This dataset was then divided at random on a 2/3rd 
1/3rd basis into separate datasets. The 2/3rd portion was used to 
seed the classification algorithm and the 1/3rd was used as an 
independent dataset to evaluate the classification accuracy. The 
time series coefficients were classified using Definiens Developer 7 
™. The error assessment matrix for the classification is detailed in 
Error! Reference source not found.. The critical feature of 
Error! Reference source not found. is that the classification is 
effective in separating the cropping from the non cropping regions, 
with some limited confusion with improved pasture. The overall 
accuracy of classification was 69%. The irrigated and dry land crop 
classes were used to identify pixels that were dominated by these 
land cover types, and the time series of these pixels were 
interrogated using a tailored time series analysis module as 
described below. 
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Irrigated 
Crop 

138 2 0 0 0 0 0 0 0 0 140 99% 

Dryland 
Crop 

18 73 0 4 0 0 0 0 0 0 95 77% 

Improved 
Pasture 

0 4 81 30 0 0 0 0 0 0 115 70% 

Native 
Pasture 

0 0 0 65 0 0 0 45 0 0 110 59% 

Closed 
Forest 

0 0 0 0 3 2 0 0 0 0 5 60% 

Open 
Forest 

0 0 0 0 1 4 5 2 0 0 12 33% 

Woodlan
d 

0 3 0 10 0 1 5 20 0 0 39 13% 

Open 
Woodland 

0 1 3 25 0 0 3 20 0 2 54 37% 

Dam 0 0 0 0 0 0 0 0 15 0 15 100% 
Wetland 0 0 1 1 0 0 0 0 0 5 7  
Total 156 83 85 135 4 7 13 87 15 7 592  

Producers 
Accuracy 

88% 88% 95% 48% 75% 0% 38% 23% 100
% 

71%   

 Overall Accuracy 69%         

Table 1: Error Assessment Matrix for the MODIS Time Series Classification

2.5 Tailored Time Series Analysis Tools 

2.5.1 Number of peaks: We use an approach similar to the one 
proposed in section 2.2.3 to find the number of peaks in the time 
series. The time series is sorted and then a one-dimensional nearest 
neighbour clustering is conducted. We define a ‘growth period’ as 
a sub-time series containing points from the cluster with higher 
mean and the start and the end point below the flatness threshold. 
The number of such growth periods is the number of peaks. 

2.5.2 Length of fallow periods: The length of the fallow periods 
was calculated by applying the same algorithm to obtain the 
flatness coefficient (section 2.2.3). 

2.5.3 Number of fallow periods: We count the number of fallow 
periods using a modified version of the algorithm described in 
section 2.2.3. Instead of summing up the length of the identified 
sub-time series, the number of such sub-time series was counted. 
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2.5.4 Area under the curve: The area under the curve is 
approximated by the sum of the time series. The start point of 
growth period is corresponding to the end point of a previous 
fallow period. The end point of a growth period is the start point of 
the next fallow period. 

0. RESULTS 

Figure 1 illustrates how the tailored time-series analysis parameters 
can be used to visualise changes across the landscape. There are a 
number of key features shown in Figure 1, the most obvious is the 
difference in cumulative greenness between the irrigated 
(predominantly red) and non irrigated (greens and purples) portions 
of the two catchments.  The other feature is the gradient in 
cumulative greenness from east (right hand side) to west (left hand 
side) this gradient reflects the rainfall gradient across this region. 

 

Figure 1. Cumulative area under the Curve 

0 1
kilometre

Irrigated Cropping 
Cropped in 2001, 02, 04, 05 and 06 
Harvested in January-February 
Fallow for 50% of the time 
5 fallow events 

Rain fed Cropping 
Cropped in 2001, 03 04 and 06 
Double cropped in 2003 
Harvested in October-November 
Fallow for 60% of the time 
4 fallow events 

 

Figure 2. Cropping Practices Identified Using the Time Series 

Similarly other features such as the number of crop cycles, crop 
cycles have been double cropped or the percentage of fallow can be 
represented. Comparisons between these features provide an 
understanding of long-term changes in the cropping practices. 

0. DISCUSSION 

One of the main advantages of this approach is that it provides 
consistent nationwide data that can be used to characterise cropping 
practices. This enables within-catchment and between region 
comparisons of cropping practices, and, when combined with 
appropriate ancillary data could be used to compare productivity 
and water use patterns within and between regions. The data 
generated by the crop analysis module also provides a framework 
for extrapolating existing crop monitoring programs. The capacity 
to apply this module to archival data means that it can be used to 
provide a range of input parameters for assessing relationship 
between large scale shifts in climate and the response of cropping 
regions to existing and emerging climate variability. The cropping 
practices information generated by the crop analysis module can be 
combined with rainfall surfaces and evapotranspiration models to 
identify and characterise regions that are being subject to irrigation, 
and therefore be used to assess changes in irrigation practices as a 
response to altered water availability. This information could 
potentially be combined with the right ancillary data to monitor 
land use practices such as the use of green manure crops. The data 
can also be combined with object oriented analysis of 25 metre 
data to provide a field-by-field assessment of crop practices in 
areas where the fields are large enough to contain multiple MODIS 
pixels as shown in Figure 2. 

The 250 m resolution limits the application to large scale dry land 
cropping, not suitable in areas where fields are 300 m x 300 m or 
smaller, although there is some research into applications at this 
resolution (Xiao et al. 2007). An alternate solution is to characterise 
areas with small paddock sizes using Landsat. Another limitation is 
that because EVI only characterises greenness it does not capture 
non-green-fraction dynamics i.e. it does not measure and is not 
sensitive to the Non-Photosynthetic Vegetation (NPV) and bare 
soil fractions. To address this issue it is necessary to use multi-
spectral data that includes short wave infra red bands to 
characterise the bare soil-NPV fractions, both MODIS (500 m 
resolution) and Landsat (25 m resolution) can be used for this 
purpose. 

CONCLUSION 

We have proposed a novel statistical method for remote sensing 
time series analysis. Compared to conventional approaches, the 
proposed methods contain no assumptions about the nature of the 
time series. Therefore they provide a more robust basis for 
modelling remote sensing time series at national scale. The time 
series coefficients generated using this new technique proved 
suitable for generating a land cover classification of acceptable 
accuracy (69% over all accuracy). To show case the effectiveness 
of the new method, a toolkit tailored for mapping broadacre 
cropping practices was developed. This technique provided results 
that are consistent with rainfall gradients and irrigation regimes that 
are known to exist within the study area, and provide valuable 
insight into the cropping practices within the study area on a year 
by year basis. These results can also be combined with higher 
resolution GIS data to provide a field-by-field assessment of crop 
cycles, provided that the fields are of an appropriate size. 
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ABSTRACT:  
 
In this paper we included the results of new approach to estimate pasture biomass amount for livestock fodder and pasture carrying 
capacity using both of remote sensing and in-situ data over whole territory of Mongolia. According to the ecosystem model Century, an 
average spring potential biomass was estimated at 27-50 gm-2 in the forest steppe, 15-33 gm-2 in the steppe, 5-13 gm-2 in the Altai 
mountains and 3-6 gm-2 in the Gobi desert and the result showed that in past 40 years the total pasture carrying capacity was drop down by 
27 % because of biomass decrease (Bolortsetseg et al, 2002). The pasture biomass and carrying capacity values can be derived from high 
temporal resolution FY-2C geostationary satellite data using Energy and Water Balance Monitoring System (EWBMS) developed by 
EARS Company, the Netherlands. 
 
 

1. INTRODUCTION 

Mongolia has the nomadic animal husbandry which directly 
dependent on climatic situation over a year. There are 2600 species 
in Mongolian pasture, but only about 600 palatable species are 
available for livestock and the total pasture capacity of the country 
is 50 to 60 million in sheep unit (ER, 2001). Nowadays, the current 
total livestock reached to 44.2 million heads or 72 million in sheep 
unit and pasture area reduced by 5–6 million ha because of 
urbanization, mining industries and tourism.  

Pasture biomass measurement is important to estimate forage 
resource. Many scientists have separated the natural zones into 6 
types such as, high mountain, mountain taiga, forest steppe, steppe, 
desert steppe and desert zones.  

These zones are different not only by geographical location but 
also by pasture biomass its fodder resources. For example, ScD. 
Tserendash has estimated the pasture biological biomass by each 
zones in summer season as, 10.5-15.0 ts/ha in high mountain zone, 
11.5-19.4 ts/ha in foresst steppe, 6.5-13.0 ts/ha in steppe and 2.9-
3.8 ts/ha in desert steppe zone respectively. But he estimated that it 
can reach upto 28.6-39.7 ts/ha in the meadow flood plain pasture. 

The previous remote sensing based technology for pasture biomass 
estimation was done (Erdenetuya M., 2004) using long term 
NOAA/NDVI data with comparison of biomass measurements data 
at the meteorological stations. 

The Energy and Water Balance Monitoring system (EWBMS) 
software has been developed as part of the project “National 
Geoinformation Centre for Natural Resource Management” 
framework. Satellite imagery from the geostationary satellite FY2C 
is used for near real time monitoring and mapping of rainfall, 

radiation and evapotranspiration. Subsequently, spatially 
continuous information on winter grazing conditions, drought 
indices and pastureland conditions can be generated. The output of 
the EWBMS system is used for development of a decision support 
system for pastureland management. 

Within this work we have selected the methodologies applications 
for pasture biomass and as well as its carrying capacity estimation 
based on different satellite imageries. 

2. DATA AND METHODOLOGY 

2.1 Above Ground Vegetation Biomass Assessment by 
NOAA Satellite Data.  

2.1.1 NOAA/NDVI and its change over the years. Natural green 
vegetation has become the main source for keeping and managing 
the sustainability of ecology and for producing a healthy 
environment of feeding human society through hay and pasture 
based livestock husbandry.  

For pasture biomass estimation we have used both of NDVI 
(normalized difference vegetation index) derived from NOAA 
satellite data (NASA Pathfinder source, 1982-2003) and ground 
measurement data from 47 meteorological stations and several of 
ground measurements from other sources. 

The parameter used most frequently for vegetation monitoring with 
NOAA-AVHRR data is the Normalized Difference Vegetation 
Index (NDVI), which is derived from the visible red (RED) and 
near-infrared (NIR) channels: 

NDVINOAA = (RED – NIR) / (RED + NIR) (1) 
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In equation 1, RED is the reflectance measured in the visible 
channel, and NIR is the reflectance measured in the near-infrared 
channel.  

NDVI is generally recognised as a reliable index of ground 
vegetation cover. There are many approaches to estimate long term 
changes of pasture vegetation cover in order to assess the natural 
factors to the global vegetation coverage. 

The approach for NDVI change estimation is use of the 
standardized of the long term vegetation index (SVI) for certain 
period and it utilized by following expression as, 

SVI(i,j,t)=[NDVIcur(i,j,t)–NDVIav(i,j,t)]/σ(i,j,t) (2) 

where, SVI(i,j,t) is a standardized NDVI index of each pixel (i is 
row number, j is a column number) at certain time (t). After 
calculating SVI of each pixel for identification of linear trend the 
whole image has been resample in to grid of 0.5 by 0.5 degree cell.  

2.1.2 The method for biomass estimation through 
NOAA/NDVI: The archived NDVI, ground observation and 

simulated biomass data and other materials have been used for the 

development of a method for biomass estimation in each natural 

zone. All this data has been integrated with NDVI and the results of 

the analysis reveals that the NDVI is highly correlated (r=0.45-

0.70) with the simulated biomass for the whole of Mongolia as well 

it is also highly correlated with ground observation (r=0.867) 

biomass data. The correlation between NDVI and biomass 

observation in grazed pasture was 0.22-0.64 on average. So the 

additional observation data has been used to prove the accuracy of 

the results. 

Based on the materials obtained, the linear regression expressions 

for each natural zones differs, which are suited with the satisfactory 

requirements of mathematic-statistical correlations, i.e. by the 

statistic analysis requirement the correlation coefficient would be 

enough if r > 0.40 depending on the data range as use on 22 years 

data.  

2.2 Above Ground Vegetation Biomass Assessment by 
EWBMS with FY-2C Satellite Data  

The Energy and Water Balance Monitoring System consists of a 
number of steps that sequentially have to be carried out in order to 
obtain the final drought, pastureland and winter grazing condition 
products.  

Spatially continuous maps of rainfall and energy balance 
components are important intermediate products. EWBMS 
products are being validated by the ground data. In this work, the 
decadal pasture biomass monitoring data of about 120 
meteorological stations of Mongolia were used.  

2.2.1 Pasture Monitoring System The Pasture Monitoring System 

simulates pasture growth with daily radiation, temperature and 

relative evapotranspiration data from the Energy Balance Module.  

Four different output products can be generated with the Pasture 

Monitoring System which shows the geographical distribution of: 

 Actual biomass: the pasture absolute yield (kg/ha) as the 
amount of aboveground green biomass in dry matter. 

 Relative biomass: the pasture relative yield (%) or the 
actual biomass relative to the aboveground green 
biomass of pasture that would be attained without water 
limitations to the plant. 

 Biomass available for grazing: the daily optimum 
amount of biomass (kg/ha) that is available for grazing.  

 Pasture carrying capacity: the number of cattle (0.1 
Sheep Units/ha) that the pasture can support based on the 
information in the Biomass available for grazing files. 

2.2.2 Alternative Statistical Method:The relative yield is defined 
as the actual, water limited yield relative to the maximum, non 
water limited yield: 

RY=Pact/Ppot *100 (%)  (3) 

where: 

RY : the relative yield 

Pact: the actual, water limited yield 

Ppot: the yield that would be obtained without water 

limitation (relative evapotranspiration 100%)  

To calculate the actual pasture biomass of a certain area, the 

relative yield is multiplied with the average historical yield of that 

area: 

Yield2007 =( RY2007 /RYhist) * Yieldhist (4) 

where:  

RYhist : the relative yield obtained with historical satellite 
images, averaged over a number of years  

RY2007 : the relative yield obtained with satellite images 
of 2007 

The method can be applied to grazed or ungrazed areas and it is 

potentially the best method to estimate the pasture biomass of the 

ongoing growing season over different natural zones (Figure 1). A 

fair number of satellite imagery and historical data on pasture 

biomass (Aimag, Soum or Bag level) however are needed for this. 
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Figure 1. Actual pasture biomass map of Mongolia, August 
2007 (kg/ha) 

2.2.3 Pasture Carrying Capacity: The calibrated pasture models 
for each natural zone have the option to introduce a certain amount 
of biomass that is consumed by the herds. The pasture carrying 
capacity can be estimated by varying the amount of consumed 
biomass in the model and monitor the response of the pasture 
biomass. An example for this relationship (2.1 kg/ha) in the Steppe 
zone is given in Figure 2.  

 

Figure 2. Determination of the carrying capacity (kg/ha) 

The biomass consumed by the cattle was varied from 0 to 3 kg/ha 
day and the response on the pasture biomass (kg/ha) plotted. The 
figure shows that biomass consumptions from 0 to 2 kg/ha have 
only a very limited influence on the Steppe pasture biomass 
(decrease of 67 kg/ha).  

2.2.4 Pasture Consumption: An estimation of the amount of 
biomass that is actually consumed by the cattle is based on the 
intake of one sheep unit and the cattle numbers during the period of 
interest. Consumption of one sheep unit is based on a 60 kg live 
sheep weight that eats 3% of its body weight a day at a maximum 
intake of 1.9 kg/SU day and 657 kg/SU.year. Intake per SU is 1.9 
kg/SU.day in summer season, 1.1 kg-spring, winter season and 
1.6kg-autumn.  

3. RESULTS AND ANALYSIS 

3.1 NOAA/NDVI Change Trend 

The approach for estimation of the NDVI change trends as, 
increasing and decreasing, which calculated by equation 2, is 
illustrated in Figure 3. 

As shown in Figure 3, in third 10 day of July mostly in high 
mountain regions or 31% of whole territory of the country NDVI 
values had increased (green color) and in all other parts (69%) 
NDVI had decreased (yellow color) or had almost no change 
(white color) within 22 years. The pasture vegetation biomass has 
been calculated after the illumination of forest coverage (white 
color in the Figure 4) and the biomass values have been classified 
in 5 types for visualization and monitoring of changes in area.  

The calculated biomass values and the observed biomass have 
correlated highly and its correlation coefficient has reached to 
r=0.814. 

 

Figure 3. NDVI change trend map (July 1982-2003) 

 

Figure 4. Biomass map of last 10 day of July 2003 

3.2 Pasture Monitoring System Products 

We made the pasture model validation on each natural zone using 
the decadal data of June-September, 1999, 2000, 2001, and 2006. 
Validation results were based on 548 biomass data of 37 stations in 
steppe zone (Figure 5) and the correlation was quite good (R2 = 
0.71). 

We compared the some results of the soum averaged yield 2007 
(Figure 6) and ground point biomass of meteorological stations. 
There are some differences between several stations’ data, but, 
generally, difference between the satellite data and the ground data 
is not much. 

Pasture carrying capacity of 2007, estimated by EWBMS, was 
averaged by soums (Figure 7). Pasture carrying capacity is between 
0.3-1.0 SU/ha in Western and Gobi-Desert region of Mongolia. In 
the Gobi-Desert region, the pasture biomass is low, but there is 
much pastureland area and relatively few cattle numbers.  
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Figure 5. Pasture model (Steppe) Green-pasture model, yellow 
ungrazed biomass, blue-grazed biomass 

The figure shows that pasture carrying capacity is around 1.7-2.1 
SU/ha in Eastern region because the biomass was low this year.  

 

Figure 6. Pasture biomass map, kg/ha, Aug 2007 (Soum 
averaged), 

 

 

Figure 7. Pasture carrying capacity map, SU/ha, 2007 (Soum 
level) 

CONCLUSION 

1. The long term NOAA/NDVI value changes could 
indicate the pasture degradation condition (69% of 
decrease) due to global warming and overgrazing.  

2. The methodology to estimate pasture biomass through 
NOAA/NDVI in different natural zones had been 
approved and generating 10 daily based products during 
growing season. 

3. EWBMS and Pasture Monitoring sub system is very 
important in Mongolian pastureland management and for 
early warning drought and dzud phenomena. 

4. The Pasture Monitoring System has been implemented, 
but we still need further validation work for basic 
products of EWBMS and other application products as 
well. 
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ABSTRACT:  
 
Livestock has been the mainstay of Indian agriculture sector and also a major source of GHGs emissions from the world’s largest livestock 
population. The milching livestock (including lactating dairy cattle, buffalo and goat) constitutes 21.3% of the country’s livestock. We 
present a detailed inventory of GHGs emissions from milching livestock (using the recent census and country-specific emission 
coefficients based on IPCC guidelines) vis-a-vis milk production in the country. The total CH4 emission from enteric fermentation and 
manure management was estimated at 3.16 Tg/yr for the year 2003. Enteric fermentation contributes 91.3% of total CH4 emissions as 
compared to only 8.7% by manure management. The detailed spatial analysis in GIS identified the districts with high CH4 emissions. The 
N2O emission from milching dairy cattle was estimated at 0.021 GgN2O/yr, with a share of 77.5% by indigenous cattle. The total GHG 
emission is estimated at 66.4 Mt in terms of total CO2 equivalent. The CH4 emission in terms of milk production is less in exotic cows 
(23.8 gmCH4/kg milk) as compared to indigenous cows (44.6 gmCH4/kg milk). The projected estimates of livestock population indicates 
that lactating dairy cattle and buffalo are expected to increase by 3.5 and 5.6 million resulting to an expected increase of ~36% and 17% 
methane emissions, respectively by the year 2021. These estimates are important indicators for studying the future impacts of livestock to 
climate change and their role in food security, and may also serve as an important pathway for formulating policy measures for sustainable 
livestock production.      
 
 

                                                                 
∗ abha@sac.isro.gov.in 

1. INTRODUCTION 

Climate change is widely considered to be one of the most 
potentially serious environmental problems ever confronting the 
global community. Besides being a major contributor to climate 
change, livestock play important roles in farming systems in 
developing countries by providing food and income, draught 
power, fertilizer and soil conditioner, household energy and a 
means of disposing of otherwise unwanted crop residues. About 
12% of the world's population depends solely on livestock for its 
livelihood (FAO, 2006). It has been noted that the global livestock 
sector is growing faster than any other agricultural sub-sector and 
contributes about 40% to global agricultural output. Livestock has 
made an important contribution to the food supplies globally 
through various products like milk, meat eggs, etc. The production 
of livestock products is increasing fast, particularly in developing 
countries which reported an increase of 78%, 127% and 331% in 
cereal, meat and egg production, respectively, over the past two 
decades (FAO, 2006).  

1.1 Livestock’s Role in Climate Change 

Besides contributing to the global food security, livestock activities 
have significant impact on virtually all aspects of the environment 
including air and climate change, land and soil, water and 
biodiversity (FAO, 2006). It is reported that livestock production 
accounts for ~18% of the global GHGs emissions including 
methane (CH4) emission from enteric fermentation and manure 
management, nitrous oxide (N2O) emissions from animal manure, 
and carbon-di-oxide (CO2) emissions from land-use change caused 
by demand for feedgrains, grazing land and agricultural energy use. 

Directly and indirectly, through grazing by ruminants and through 
feed crop production, the livestock sector occupies ~30% of the 
ice-free terrestrial surface on the Earth (Asner et al., 2004). Grazing 
systems have a high impact on the carbon cycle and therefore the 
climate through deforestation and land degradation. In many 
situations, livestock is a major source of land-based pollution, 
emitting nutrients, organic matter, pathogens and drug residues into 
rivers, lakes and seas.  

Livestock forms a major anthropogenic source of CH4 emission 
from the agriculture sector. Globally, livestock accounts for ~37% 
of anthropogenic CH4 which is largely produced by enteric 
fermentation in ruminants as part of their normal digestive 
processes (FAO, 2006). Ruminants (cattle, sheep and goats) 
account for a large share of total livestock emissions, because they 
are less efficient in converting forage into useful products than 
monogastrics (pigs and poultry). The global atmospheric CH4 

concentration has more than doubled over the last two centuries 
after remaining fairly constant for the preceding 2,000 years 
(IPCC, 2007). Although CH4 concentration in the earth's 
atmosphere is small, it has contributed ~15% to the global warming 
during 1980-1990 as a potent GHG gas with a global warming 
potential (GWP), 21 times more than that of CO2. More recently, 
CH4 concentration in the atmosphere was 1774 ppb as measured in 
2005 (IPCC, 2007). Livestock also accounts for 64% of human-
induced ammonia, which significantly contributes to acid rain. 
Livestock manure is primarily composed of organic material and 
water. Under anaerobic conditions, the organic material in the 
livestock manure is decomposed by anaerobic and facultative 
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bacteria resulting into formation of CH4, CO2, and stabilized 
organic material. Livestock manure management is also a 
significant source of CH4 emission (Swamy and Bhattacharya, 
2006). The total global CH4 emissions from livestock manure 
management have been estimated as 9.3 Tg/year (Scheehle, 2006).   

Besides methane, livestock also contributes a small but significant 
emission of N2O from animal waste management systems. Nitrous 
oxide, a potential GHG (global warming potential, GWP: 310) is 
produced during the microbial processes of nitrification-
denitrification of nitrogen contained in livestock waste. The 
amount of N2O released depends on the system and duration of 
waste management (Swamy and Bhattacharya, 2006). N2O is also 
involved in the catalytic destruction of stratospheric ozone 
following its photolytic oxidation to nitric oxide (NO). Livestock 
activities contribute almost two-thirds of all anthropogenic N2O 
emissions, and 75-80% of agricultural emissions. According to the 
recent estimates the global atmospheric concentration of N2O has 
increased from 270±7 ppbv in the pre-industrial period to 319±12 
ppbv in 2005 (IPCC, 2007).This recent report predicts that global 
temperatures will rise by 2-4.5°C by the end of this century and for 
the next two decades a warming of about 0.2°C per decade is 
projected. It has been further concluded that under scenarios 
without climate policy, increasing GHGs concentrations may cause 
global mean temperature to rise by up to 7°C compared to pre-
industrial levels by the end of the present century. Thus, GHGs 
emissions need to be reduced substantially to avoid such an 
increase in global mean temperature that may lead to climate 
change resulting in large changes in ecosystems, leading to 
possible catastrophic disruptions of livelihoods, economic activity, 
living conditions, and human health.  

1.2  Livestock Status in India 

Livestock plays a critical role in the Indian economy and welfare of 
India's rural population. As a centuries old tradition, livestock 
rearing has been an integral part of Indian agricultural system. The 
importance of livestock in India’s economy can be gauged from the 
fact that 90 million farming families are occupied in cultivating 140 
Mha area and rearing 90 million milch animals. Livestock 
production is an important source of income and employment in 
the rural sector (Dastagiri, 2004). As a major component of 
agricultural sector, its share in gross domestic product of the 
country has been rising gradually. It is estimated that livestock 
contributes 8% to the country’s GDP and employs 8% of the 
labour force, including small and marginal farmers, women, and 
landless agricultural workers. This sub-sector provides a flow of' 
essential food products, draught power, manure, employment, 
income, and export earnings. Livestock also serves as an important 
part of agriculture diversification and income enhancement, and 
crucial for nutrition enhancement. Currently, India ranks first with 
485 million or 13% of the world’s total livestock population 
sustaining in less than 5% of world's and one-third of Asia's 
agricultural land area (MOA, 2003). It ranks first with regard to the 
bovine (cattle and buffalo) and second in goat populations in the 
world (http://www.clfmaofindia.org). A detailed account of the 
country’s livestock status is undertaken at every five years interval 
by the Department of Animal Husbandry and Dairying under the 
Ministry of Agriculture, Government of India (MOA). This census 
provides detailed information on indigenous and cross-breed 

population for all livestock categories like cattle, buffalo, goat, etc. 
along with age, sex and composition etc at district/state level.  

Despite having huge livestock population, India stands 
insignificant in the world trade of livestock products. Increasing 
globalization of livestock product markets is an opportunity as well 
as a threat to India’s livestock sector. In 2001, India emerged as the 
world leader in milk production, with a production volume of 84 
Mt, closely followed by USA. India has about three times as many 
‘dairy’ animals as the USA, but annual milk yield per dairy animal 
is about one tenth of that achieved in USA FAO, 2006). The rapid 
growth in milk production is largely credited to the ‘Operation 
Flood’, the world's largest integrated dairy development program, 
attempted to establish linkages between rural milk producers and 
urban consumers by organizing farmer-owned and-managed dairy 
cooperative societies. It was assisted by many multi-lateral 
agencies, including the European Union, the World Bank, FAO 
and WFP (World Food Program). In the Indian context of poverty 
and malnutrition, milk has a special role to play for its many 
nutritional advantages as well as providing supplementary income 
to some 70 million farmers in over 500,000 remote villages 
(http://indiadairy.com).  

How can the trade-offs between livestock for food security and 
possible environmental effects be minimized is a big challenge 
facing the world. Indian agriculture is particularly vulnerable to 
impacts of climate change due to its large livestock population. In 
order to have a strategic plan for developing farmer friendly 
technologies to reduce livestock contribution to climate change, 
there is a need to quantify the GHGs emissions from milching 
animals among the Indian livestock and their contribution to the 
milk production. This study aims at detailed estimation of methane 
and nitrous oxide emissions from milching livestock viz. dairy 
cattle, buffalo and goat) vis-a-vis milk production in the country. 
The study also attempts at category-wise detailed trend projections 
of population growth and GHGs emission from Indian livestock. 
The major objectives of the study include: 

 Developing a detailed inventory of GHGs (methane and 
nitrous oxide) emissions from milching livestock.    

 Deriving the spatial patterns of estimated GHGs 
emissions at state/district level.  

 Detailed analysis of estimated methane emissions vis-à-
vis milk production for the milching livestock.  

 Trend projections for future livestock population growth 
and methane emissions. 

2. MATERIAL AND METHODS 

2.1 Study Area and Data Used 

A detailed inventory for CH4 and N2O emissions from Indian 
livestock was developed at the district and state level, respectively. 
A detailed statistical database of age, reproductive status, 
indigenous and cross-breed or exotic population of dairy cattle, 
buffalo and goat was prepared at all-India, state/union-territory, and 
district levels using the recent livestock census (MOA, 2003). In 
case of goat population, the data is available for dairy animals 
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irrespective of indigenous/exotic species. The adult lactating dairy 
indigenous cattle and buffalo over 3-years and 1-year and above 
goats were only considered for the purpose of this study. The 
country-specific emission coefficients conforming to IPCC good 
practice guidelines and based on Indian feed standards for dairy 
indigenous/exotic cattle, dairy indigenous/exotic buffalo and goat 
were used for estimating methane emissions from enteric 
fermentation and manure management (adopted from Swamy et 
al., 2004, MOEF, 2004 and Swamy and Bhattacharya, 2006). The 
district-level methane emission estimates for enteric fermentation 
were made under three scenarios viz. maximum, average and 
minimum for different milching livestock  

The N2O emission coefficients derived using tier-II IPCC emission 
factors based on the weighted average for the country (Swamy and 
Bhattacharya, 2006) were adopted. Among the milching livestock, 
only the dairy cattle (including indigenous and exotic animals) 
account for N2O emissions. A long-term database of livestock 
census, production and per-capita availability of livestock products 
(viz. milk, meat and eggs) at all-India state/union-territories and 
district level was also prepared for the study using the data from 
MOA, 2003.  

2.2 Methodology 

2.2.1 Milching livestock distribution: A statistical approach was 
used to study the long-term changes in population growth of 
milching livestock by categories during the period 1951-2003. The 
population distribution of milching livestock as estimated by the 
recent census 2003 was studied in detail and spatial patterns were 
derived in GIS environment using a spatial framework of district 
administrative coverage with Albers Conical Equal Area projection 
in ARCGIS/ARCMAP version 9.3.1.  

2.2.2 GHG inventory estimation: The detailed methane emission 
inventory was estimated for lactating dairy indigenous and exotic 
cattle, buffalo and goat using the country-specific Indian feed 
standard based methane emission coefficients for enteric 
fermentation and manure management. The district-level methane 
emission inventory was computed as a product of milching 
livestock population under each category (cattle, buffalo and goat) 
and its respective methane emission coefficient. The district level 
estimates were up-scaled to arrive at state/country level emissions.  
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where, NOEc is the aggregated nitrous oxide emission by milching 
cattle (expressed in Gg N2O/year, Gg=109 g) at the national level 
integrated over all the states, Pc is the state-level dairy indigenous 
and exotic cattle population (in numbers), s is the state, Nc is the 
country-specific nitrous oxide emission factor (kgN2O/animal/year) 
for dairy cattle species. The estimated CH4 and N2O emissions 

were converted to the aggregate CO2 equivalent GHG emission 
(expressed in Mt=1012g) by taking into account the GWP of 
individual GHGs (CH4=21 and N2O=310). GWP captures the 
integrated effect of emissions in CO2 equivalent emission terms.  

2.2.3 Methane emissions vis-à-vis milk production: A long-term 
analysis of milk production (Mt) and per-capita milk availability 
(gm/day) was carried out at all-India level for the period 1950/51-
2005/06. The livestock category wise-share of milk production was 
studied at the state level for the recent period (2000-2006). The 
methane emissions with respect to the milk yield (gm/kg milk 
produced) were calculated at the state level using the estimated 
methane emissions (Tg) and category-wise share in milk 
production (Mt) by non-descript (indigenous) and cross-breed 
(exotic) cattle/cows, buffaloes and goat for the year 2003. The 
spatial patterns of CH4 emissions at the district level and state level 
CH4 emissions per kg milk produced were derived in the GIS 
environment using a spatial framework of district administrative 
coverage with Albers Conical Equal Area projection in 
ARCGIS/ARCMAP version 9.3.1. The milching livestock census 
available for the last more than five decades (1951-2003) and milk 
production were modelled using a linear regression to make the 
projected trend of population growth and expected CH4 emissions.  

3. RESULTS AND DISCUSSION  

The earlier attempts to estimate methane emission from Indian 
livestock using different approaches are discussed in detail by 
Chhabra et al. (2009). These earlier estimates include methane 
emissions including all livestock categories. Chhabra et al. (2009) 
also presented a detailed inventory and spatial patterns of livestock 
based methane emissions in India for the recent period 2003. 
However, a detailed inventory and estimation of methane 
emissions from milching livestock vis-à-vis milk production for the 
recent period has not been attempted earlier. The results of the 
present study are discussed below: 

3.1 Milching Livestock Population 

The long-term analysis of livestock census for the period 1951-

2003 indicates that total livestock has increased by 192.2 million 

(~65%) with an annual growth rate of 1.26%. Among the milching 

livestock (figure 1) cattle have increased steadily by 49.3 million 

during 1951-1992, followed by a decrease of 19.4 million by the 

year 2003. However, the number of dairy cattle (considering adult 

lactating animals only) has increased by 10.1 million only during 

1951-2003 with only a marginal increase of 0.15 million in the past 

one decade (1992-2003). Buffaloes have significantly increased 

from 43.4 to 98 million during 1951-2003, including 8 million 

increase during 1997-2003. Goats have significantly increased by 

163% during 1951-2003. As the long-term break-up data of dairy 

and non-dairy goats was not available, the goat here includes both 

male and female animals.  
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The recent census indicates that milching livestock (including 
indigenous and exotic dairy animals) constitutes 103.4 million or 
21.3% of the total. The milching cattle, goat and buffalo constitute 
35%, 33% and 32%, respectively. Of the total 35.8 million 
milching cattle, the indigenous species constitutes a major fraction 
with 27.6 million animals (77.2%) as compared to only 8.2 million 
(22.1%) cross-breed or exotic cattle. Uttar Pradesh, Rajasthan, 
Madhya Pradesh, Maharashtra and Andhra Pradesh are the top five 
states with 15.5, 10.4, 9.2, 8.4 and 7.5 million milching livestock, 
respectively. Dairy buffalo is the major milching livestock 
constituting ~51% of total in Uttar Pradesh and Andhra Pradesh. 
Indigenous dairy cattle and goats are dominant in Madhya Pradesh 
(36%) and Rajasthan (45%), respectively. The spatial distribution 
of milching livestock at the district level (figure 3) indicates high 
concentration in few districts of West Bengal (Mednipur: 0.97 
million), Rajasthan (Barmer: 0.89 million, Nagaur: 0.82 million, 
Sikar: 0.73 million, Jodhpur: 0.72 million), Maharashtra 
(Ahmednagar: 0.75 million), and Karnataka (Belgaum: 0.62 
million). 

 

Figure 2. District-level Distribution of Milching Livestock in 
India for the Year 2003 

Indigenous dairy cattle is the major milching livestock in Mednipur 
(~59%), however, goat is the major livestock in Rajasthan-Barmer 
(64%) and Nagaur, Sikar (60.5%).   

3.2 Greenhouse Gas Inventory Estimation  

The total CH4 emission from enteric fermentation and manure 
management of milching livestock was estimated as 3.16 Tg/yr of 
which enteric fermentation contributes 2.88 Tg/yr (91.3%) as 
compared to only 0.28 Tg/yr (8.7%) by manure management. The 
enteric fermentation methane emission was estimated in the range 
of 2.2-3.6 Tg/yr with an average emission of 2.88 Tg/yr.  The 
detailed inventory and its spatial analysis in GIS (figure 3) indicate 
that the districts with high livestock population may not truly 
correspond to methane emission inventory because the methane 
emissions depend on livestock category. Dairy buffalo are the 
highest contributors of CH4 emission with 1.78 Tg/yr (56.4% of the 
total) from 33.2% population among the milching livestock. 
Although goats are the dominant milching livestock with a 
population share of 33.1%, their contribution to the CH4 emission 
is only 0.14 Tg/yr or 4.5%. The spatial analysis identified the 
districts with high methane emissions viz. 0.025 Tg/yr in 
Bulandshar (U.P): 0.022 Tg/yr in Prakasham (A.P), Jaipur 
(Rajasthan), and 0.021 Tg/yr in Kolhapur (Maharashtra) and 
Mednipur (W.B.). Dairy buffalo with highest CH4 emission 
coefficient is the major livestock in Bulandshar, Prakasham, 
Kolhapur, Belgaum and Guntur, whereas goat and indigenous 
cattle are dominant in Jaipur and Mednipur, respectively. U.P., 
Rajasthan and A.P. are the top three states with 0.58 Tg/yr (18.2%), 
0.28 Tg/yr (8.9%) and 0.27 Tg/yr (8.6%) methane emissions from 
enteric fermentation and manure management of milching 
livestock. 

 

Figure 3. Spatial Distribution of District-Level Methane 
Emission from Milching Livestock in India (2003) 
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The total N2O emission from animal waste management system of 
dairy milching cattle was estimated at 0.021 GgN2O/yr, with a 
share of 0.016 GgN2O/yr (77.5%) by indigenous cattle and 0.005 
GgN2O/yr (22.5%) by exotic animals. U.P., W.B., and M.P. are the 
top three states with 0.002 GgN2O/yr emissions. The total GHG 
emission (including CH4 and N2O) expressed in terms of total CO2 
equivalent from milching livestock is estimated at 66.37 Mt.  
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Table 1. Category-wise population and GHG emissions from 
milching livestock* in India for the year 2003 

3.3 Methane Emission vis-à-vis Milk Production 

The long-term analysis of milk production data for the period 
1950-51/2005-06 indicates that India's annual milk production has 
increased by ~5.8 times, rising from a mere 17 Mt in 1950-51 to 
97.1 Mt in the year 2005-06. In 2001, India emerged as the world 
leader in milk production with a production volume of 84 Mt. The 
per-capita milk availability has increased from 124-241 gm/day 
during the study period. Currently, India is one of the world`s 
largest and fastest growing markets for milk and milk products, 
getting almost 7.5% growth annually in value terms for milk and 
milk products. The increase in milk production is largely credited 
to the significant increase of ~55 million dairy buffalo during 1951-
2003. Buffaloes are the major source of milk in our country. 
Moreover, buffalo's milk also has higher demand due to its higher 
fat content than cow's milk hence fetches a higher return to the 
farmer for a given input of fodder/feed.  

Considering the total CH4 emission of 3.16 Tg and total milk yield 
of 88.1 Mt for the year 2003, the CH4 emission per kg milk 
produced amounts to 35.9 gmCH4/kg milk. Among the milching 
livestock, CH4 emission is less in exotic/cross-bred cows (23.8 
gmCH4/kg milk) having higher productivity as compared to 
indigenous cows (44.6 gmCH4/kg milk) with low productivity. 
Goats with a low share of 4.2% in total milk production emit 38.4 
gmCH4/kg milk, which is higher than lactating buffaloes emitting 
37.1 gmCH4/kg milk and contributing more than half ~54% to the 
total milk production. The category-wise CH4 per unit milk 
produced is in the order of cross-breed cow<dairy 
buffalo<goat<indigenous cow. There also exist wide variations 
among the states. Orissa and Assam are the top two states with high 
CH4 emission of 80.1 and 77.6 gmCH4/kg milk produced, 
respectively (figure 4). The lowest CH4 emission was estimated in 
Kerala (15.9 gmCH4/kg milk) followed by Punjab (19.1 gmCH4/kg 

milk). Singhal et al. (2005) estimated average CH4 emission for 
lactating animals as 53.6 gmCH4/kg milk for the year 1994. 
Swamy and Bhattacharya (2006) indicated that indigenous animals 
with higher methane/kg milk have lower milk yield/animal owing 
to their poor nutritional status. Due to poor availability of pasture 
and grazing lands in India (only 3.4% of total area available), the 
animals either subsist on poor quality grasses available in the 
pastures and non-pasture lands or are stall-fed, chiefly on crop by-
residues.  

 

Figure 4. Distribution of Methane Emission per kg Milk 
Produced by the Milching Livestock in India (2003) 

Based on the available long-term census data for dairy cattle and 
buffalo for last more than five decades (1951-2003), the projected 
trend of population growth were generated for the year 2021 using 
linear regression model over 11 data points (n=11). The share of 
lactating animals in dairy cattle and buffalo population in the year 
2003 was used to make projected trend in population growth as the 
long-term data for milching animals was not available. The results 
indicate that lactating dairy cattle and buffalo are expected to 
increase by 3.5 and 5.6 million, respectively by the year 2021. 
Based on these projections, the CH4 emissions from dairy lactating 
cattle and buffalo are expected to increase by 0.12 Tg (~36%) and 
0.30 Tg (17%) by the year 2021. These projected estimates of CH4 
emissions are based on population growth only, however methane 
emission also depends on other factors viz. livestock feed, level of 
intake, and digestibility of feed etc. These variables also need to be 
included for detailed studies in future. The increase in CH4 
emissions raises concerns as CH4 has 21 times higher GWP than 
CO2. However, a relatively short life time of CH4 provides an 
opportunity for mitigating the impacts of global warming because 
emissions reductions could lead to stabilization or reduction in CH4 
concentrations within 10-20 years in the atmosphere. Thus, 
measures and policies that target reductions in CH4emissions can 
help mitigate the rate of climate change at a faster rate than those 
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that target reductions in emissions of CO2 and other longer-lived 
GHGs. Improved animal feeds, like Urea Molasses Block (UMB), 
are slowly being used in some advanced states like Punjab and 
Gujarat. These coupled with suitable feed digesters; mainly given 
to enhance milk production also have the potential to reduce 
average CH4 emissions from enteric fermentation. The emissions 
from livestock manure management may be considerably reduced 
with the advanced technological options (FAO, 2006). However, 
due to the large population, lack of awareness and access to 
improved feed, methane mitigation from milching livestock would 
require substantial efforts and detailed studies.  

The animal production system which is a large contributor to 
global warming through emission of CH4 and N2O is also much 
vulnerable to climate change itself (Sirohi and Michaelowa, 2004). 
The performance, health and well-being of the livestock are 
strongly affected by climate both, directly and indirectly. Hot and 
humid environmental conditions directly stress the lactating dairy 
cow and reduce intake of the nutrients necessary to support milk 
yield and body maintenance. The indirect effects include climatic 
influences on quantity and quality of feed and fodder resources 
such as pastures, forages, grain and crop by-residues and the 
severity and distribution of livestock diseases and parasites. Using 
the remote sensing derived potential feed/fodder area available in 
each district, Chhabra et al. (2009) estimated an average CH4 flux 
of 74.4 kg/ha for Indian livestock. This factor also needs to be 
considered in long term plan for milk production and GHG 
emission strategy. Besides the quantum, the type and quality of 
feed resources also vary across regions. The population growth in 
each livestock category is also largely influenced by the demand of 
livestock products etc.  

CONCLUSION 
 
Climate change and food security are two emerging issues being 
faced by people all over the world. While livestock’s role in 
contributing to food security is very well acknowledged, its 
negative impacts by way of contributing to GHGs in the 
atmosphere raise criticism. The long-term analysis of livestock 
census indicates that total livestock has increased with an annual 
growth rate of 1.26% during the past five decades. Currently, India 
ranks first with 485 million or 13% of the world’s total livestock, of 
which milching livestock accounts for 21.3%. Among the 
categories, cattle, goat and buffalo constitute 35%, 33% and 32% 
of the total milching livestock, respectively. The spatial distribution 
of milching livestock indicates high concentration of milching 
animals in few districts of W.B., Rajasthan, Maharashtra, and 
Karnataka. The total CH4 emission from enteric fermentation and 
manure management of milching livestock was estimated at 3.16 
Tg/yr of which enteric fermentation contributes 91.3% as 
compared to only 8.7% by manure management. U.P., Rajasthan 
and A.P. are the top three states with 18.2%, 8.9% and 8.6% 
contribution to the total CH4 emission, respectively. The detailed 
spatial analysis in GIS identified the districts with high CH4 
emissions viz. Bulandshar, Prakasham and Jaipur. The total N2O 
oxide emission from dairy cattle was estimated at 0.021 GgN2O/yr, 
with a share of 77.5% by indigenous cattle and 22.5% by exotic 
animals. The total GHG emission expressed in terms of total CO2 
equivalent is estimated at 66.37 Mt, with a major contribution of 
56.3% by dairy buffalo.  

The long-term analysis of milk production data indicates that 
India's annual milk production has increased by ~5.8 times during 
1950-51 to 2005-06. The increase in milk production is largely 
credited to the significant increase of ~55 million dairy buffalo, 
which is a major source of milk in the country. The CH4 emission 
in terms of milk production is less in exotic/cross-bred cows (23.8 
gmCH4/kg milk) having higher productivity as compared to 
indigenous cows (44.6 gmCH4/kg milk) with low productivity. An 
increase in cross-breed/exotic animals with higher productivity 
may provide a better balance between milk production vis-à-vis 
methane emissions. Orissa, and Assam are the top two states with 
high CH4 emission of 80.1 and 77.6 gmCH4/kg milk produced, 
respectively. The projected trend of population growth indicates 
that lactating dairy cattle and buffalo are expected to increase by 
3.5 and 5.6 million resulting to an expected increase of ~36% and 
17% CH4 emissions, respectively by the year 2021. This study has 
presented a detailed and recent GHG inventory from milching 
livestock vis-à-vis their role in milk production in India. These 
estimates are important indicators for studying the future impacts 
of livestock to climate change.      
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ABSTRACT:  

The atmospheric radiative forcing is a central theme of climate change impact studies. The presence of Atmospheric Brown Clouds due to 
increased aerosol concentrations and green house gases such as water vapour, CO2 alter solar radiation and atmospheric thermal regimes. 
Both have strong feedbacks on open water evaporation. The measured daily global (direct + diffuse) insolation for a period of more than 
fifty years (1960-2003) and diffuse insolation for the period of 30 yrs (1973-2003) were analyzed over four stations in India representing 
different climate types. Weekly pan evaporation of Lysimetric stations was analyzed for the period 1975-1994 to explain inter-relations of 
insolation and evaporation trends. The annual, pentad (five years’ average) and decadal (ten years’ average) insolation at all stations 
showed average solar dimming rate varying between 1.15 to 3.35 % per decade. During 1975 to 1994, a significant increase in annual 
diffuse insolation was observed at arid station, Jodhpur which could be due to increase in concentration of dust aerosols leading to 
atmospheric cooling. Both solar dimming and 1atmospheric cooling triggered a substantial reduction in pan evaporation. But in some 
stations such as New Delhi, pan evaporation did not decrease in spite of decrease in global radiation. This indicated least role of aerosol but 
trade-off between increase in air temperature and solar insolation cut by green house gases and clouds, respectively. The study emphasizes 
the strong need to have detailed investigation about the impact of air quality on surface physical (e.g. lake evaporation) and biophysical 
(e.g. evapotranspiration) processes at different microclimates of India. 
 
 

                                                                 
*jyotsna11217@gmail.com 

1. INTRODUCTION 

Solar radiation is essential to drive directly or indirectly all 
biological and physical processes on the Earth. Measurements of 
solar radiation at the surface are important for assessment of 
climate change and global warming because they can indicate 
anthropogenic disturbances (Ramanathan et al., 2001). Solar 
radiation reaching at the earth surface (called surface insolation) 
depends on atmospheric constituents such as aerosols, water 
vapour, ozone content and cloudiness (Yamasoe et al., 2006).  

A decrease in global (direct + diffuse components) insolation 
(Liepert, 2002, Stanhill and Cohen, 2001, Wild et al., 2005), has 
been observed at the Earth surface over the period between 1950-
1990, called solar dimming. Such dimming gradually started to 
transform into brightening in some regions of the world since late 
1980s (Wild et al., 2005). The effect of these changes in global 
insolation and associated changes in diffuse insolation affect 
photosynthesis. Recent studies have shown that photosynthesis is 
more efficient under diffuse light conditions (Gu et al., 2003, 
Baldocchi, 2002, Niyogi et al., 2004, Oliveira et al., 2007, 
Roderick et al., 2001).  

Due to this global dimming other factors were also affected, one of 
the important parameter is pan evaporation. It also decreased in last 
50 yrs (Roderick and Farquhar, 2002). In this paper, we have 
presented the findings of study of long term trend of global 
insolation over four selected stations of India representing different 

climate types. The effect of radiation trend on pan evaporation was 
also analyzed using collocated datasets from Lysimetric stations. 

2. STUDY REGION AND DATA SETS  

Time series of daily measured data on global radiation (GR) and 
diffuse radiation (DR) at four selected IMD (India Meteorological 
Department) stations were used to conduct a long-term trend 
analysis of incident solar radiation at surface. The GR and DR were 
measured using pyranometer and shaded ring pyranometer, 
respectively. All data were calibrated to world radiometric 
references (WRR). The four stations are Jodhpur (26°23'N, 
73°08'E), New Delhi (28°37'N, 77°13'E), Nagpur (21°08'N, 
79°10'E) and Kolkata (22°36'N, 88°24'E). The climate of Jodhpur 
is generally hot and arid. Nagpur has tropical wet and dry 
conditions prevailing for most of the year. New Delhi represents 
semiarid climate with high variation between summer and winter 
temperature. Kolkata represents monsoon maritime climate. The 
data periods for GR were more than fifty years from 1960 to 2003 
for Jodhpur and Nagpur, and from 1957 to 2003 for New Delhi and 
Kolkata. The data period for DR is thirty years 1973-2003. The 
data from 37 lysimetric stations in India between 1975 to 1994 
were also obtained. 

These data consist of weekly pan evaporation, bright sunshine 
hours (BSS), maximum air temperatures (Tmax), and minimum air 
temperatures (Tmin), maximum relative humidity (RHmax) and 
minimum relative humidity (RHmin), cumulative rainfall, wind 
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speed, and cumulative crop evapotranspiration measured through 
weighing lysimeters. 

The data were recorded in two seasons (Kharif: July – October; 
Rabi: November – April) corresponding to crop growth cycles. Out 
of all these, the collocated radiation and evaporation measurement 
stations are at Jodhpur (arid continental) and New Delhi (semi-arid 
continental). Moreover, these two stations gave the maximum 
length of period of data recording of weekly surface meteorological 
variables at Lysimetric set-ups. This period of data record overlaps 
with that of pyranometer based radiation measurements. Therefore, 
the radiation, evaporation and other supporting data from these two 
stations were analyzed to correlate trend in solar radiation and 
evaporation. 

3. METHODOLOGY 

3.1 Gap Filling of Discrete Time Series Radiation Data 

There were irregular gaps in radiation data. In every station, data 
on number of days were missing. The missing data on a given day 
are substituted with the long term average on a given day at a given 
station.  

3.2 Statistical Test for Trend Significance 

Mann Kendall test was used to test the trend significance. It is a 
non-parametric test for identifying trends in time series data. The 
test compares the relative magnitudes of sample data rather than 
the data values themselves (Gilbert, 1987).  

Let x1, x2, x3 represent n data points where xj represents the data 
point at time j. Then the Mann-Kendall statistic (S) is given by 

                          n-1     n          
                 S=     ∑      ∑ sign (xj - xk)          (1)             
 k=1   j=k+1 

where: 

               sign (xj - xk) = 1 if xj - xk >0 

                                   = 0 if xj - xk =0 

                                   = -1 if xj - xk<0 

A very high positive value of S is an indicator of an increasing 
trend, and a very low negative value indicates a decreasing trend. 
Then calculated the variance of S, VAR(S), by the following 
equation 

                    VAR(S) = 1/18[n (n-1) (2n+5) - ∑ tp (tp-1)  

                                   (2tp+5)]         (2) 

where n is the number of data points, g is the number of tied groups 
(a tied group is a set of sample data having the same value), and  tp 
is the number of data points in the pth group. Then a Z-statistic was 
computed as follows: 

                 Z = S-1/ [VAR(S)]1/2           if S > 0 

                    = 0                                if S=0 

                   = S+1/ [VAR(S)]1/2          if S < 0 

The tabulated and calculated Z-statistics were compared at 95% 
and 90 %(p=0.05 ,p=0.1) level of significance. The trend is said to 
be decreasing if sample Z is negative and absolute Z is greater than 
the tabulated value at a given level of significance. The trend is 
said to be increasing if the sample Z is positive and greater than the 
level of significance. If the computed Z is less than the level of 
significance, the trend is not significant.  

4. RESULTS AND DISCUSSIONS 

4.1 Trend in Global (GR) and Diffuse Radiation (DR) 

The annual global and diffuse insolations during two terminal years 
in the time series showed, in general, decline in GR from 7477 to 
5808 MJm-2 in Jodhpur, 6673 to 5884 MJm-2 in New Delhi, 6851 
to 5803 MJm-2 in Nagpur and 8034 to 7534 MJm-2 in Kolkata. 
There was an overall increase in DR in all the stations such as: 
2675 to 2766 MJm-2 in Jodhpur, 2884 to 3027 MJm-2 in New 
Delhi, 2583 to 2835 MJm-2 in Nagpur and 2996 to 3030 MJm-2 in 
Kolkata. The decrease in GR was observed to be highest in 
Jodhpur but the increase in DR was highest in Nagpur. An overall 
declining trend in GR and increasing trend in DR at all the four 
climate types were noticed from the time series data of annual 
insolation. Though the evenness of distribution of annual radiation 
is less, the five-year averages (called pentad insolation) showed 
more distinct trends in declining GR and increasing DR. Similar 
trends become more distinct for decadal averages (Figure 1). 

4.2 Assessment of Solar Dimming 

Rate of solar dimming per decade was computed as percent 
deviation of GR and DR in a given decade from mean over 50 
years (1960 – 2000) and presented in Table 1. The mean rates of 
decadal solar dimming were –2.9%, -3.2%, -3.4% and –1.5% in 
GR and 1.2%, 1.3%, 3.6% and 0.8% in DR at Jodhpur, New Delhi, 
Nagpur and Kolkata, respectively.  

It was noticed that dimming in terms of GR occurred during 
decades1960-70 and 1980-90 in arid, semi-arid and wet-dry 
continental climates. In monsoon-maritime climate GR dimming 
has occurred in all the three decades except 1970-80. A systematic 
increase in DR was noticed over all the decades in arid and wet-dry 
continental climates. But the increase in DR for semi-arid 
continental climates occurred during 1970-80, 1990-2000 and the 
increase in DR in monsoon-maritime climate was during 1970-80 
and 1980-90. Based on Mann Kendall test results (Table 2), 
statistically significant (p=0.05) declining trend was observed in 
Nagpur, New Delhi, and Kolkata; however Jodhpur exhibited 
significant (p=0.1) decreasing trend in GR. Further the DR 
experienced significant increasing trend only at arid (Jodhpur) and 
wet-dry tropical (Nagpur) climate at p=0.1 and p=0.05 level of 
significance, respectively. 
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Figure 1. Decadal Trend in Global and Diffuse Radiation 

Decadal period Jodhpur New Delhi Nagpur Kolkata 
GR DR GR DR GR DR GR DR 

-15.975 -- -14.82 -- -11.47 -- -11.92 -- 
6.859 2.025 6.741 5.21 4.94 7.786 13.42 1.31 

-9.79 0.40 -12.148 -2.284 -8.14 0.584 -5.3 1.53 

 
1960-1970 
1970-1980 
1980-1990 

 1990- 2000 7.368 1.14 7.312 0.85 1.25 2.44 -2.26 -0.58 
Mean -2.9 1.2 -3.2 1.3 -3.4 3.6 -1.5 0.8 

Table 1: Rate of Decadal Solar Dimming as Percent Deviation from Long-Term Averages  (1960, 70, 80…… Represents Years 
from 1960-69, 1970-79, 1980-89……) 
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Sl. 
no. 

Stations Z 
Calculated 

Trend 

  GR DR GR DR 
1. Jodhpur -1.75 1.69 **Dec. **Inc. 
2. New 

Delhi 
-4.73 0.74 Dec. No 

trend* 
3. Nagpur -4.78 2.78 Dec. Inc. 
4. Kolkata -2.95 1.25 Dec. No 

trend* 

Table 2: Results of Mann Kendall Test for Insolation Trend 

Trend in GR and DR (p=0.05, at 5% level of significance) Dec.: 
Decrease; Inc.: Increase  

*Not Significant (p=0.1, p=0.05),    ** Significant (p=0.1)    

4.3 Effect of Radiation Trend on Pan Evaporation 

During 1976 to 1994, there was a significant increase in annual DR 
(Table 3) from 348 to 433 MJm-2 at Jodhpur, which could be due 
to increase in concentration of dust aerosols that could lead to 
atmospheric cooling as evidenced through decline in mean of 
maximum and minimum air temperatures from 26.7 0C to 250C 
and from 11.30C to 10.20C, respectively.  At New Delhi, annual 
global insolation decreased (1628 to 1433 MJm-2) substantially 
from 1976 to 1993 with little change in DR. This indicated less role 
of aerosol but prominent influence of clouds on global insolation as 
observed from significant decrease in annual total sunshine hours 
from 130.6 to 102.1 hours. The annual means of maximum and 
minimum air temperatures were also found to increase from 23.6 to 
24.40C and from 8.3 to 9.40C, respectively. These could be due to 
increase in green house gases (GHG). Two important atmospheric 
radiative forcing variables, cloudiness and aerosols have bearing on 
GR and DR. But the later alters atmospheric thermal regime 
through cooling. Therefore, increase in aerosols has double added 
effects: (1) lowering the GR and (2) cooling the ambient air 

temperatures; both the phenomena lead substantial reduction in 
evaporation as is noticed in Jodhpur (484 to 334.6 mm). But the 
increase in cloudiness only reduces evaporation through radiation 
cut. However, it can be compensated due to increase in air 
temperature (due to enhanced CO2) as could be the case of New 
Delhi. Pan evaporation trends at Jodhpur and New Delhi are shown 
in Figure 2. 

 
Figure 2. Trend of Annual Cumulative Pan Evaporation at 
Jodhpur and New Delhi between 1975 to 1994 

GR (MJm-2) DR (MJm-2) BSS (hrs) Tmax (0C) Tmin (0C) Sl. 
No 

Stations 
1976-77 1992-93 1976-77 1993-94 1975-76 1992-93 1975-76 1993-94 1975-76 1993-94 

1. *Jodhpur 1336 1253 348 433 129.2 109.2 26.7 25 11.3 10.2 
 1976-77 1992-93 1975-76 1992-93 1976-77 1992-93 1975-76 1990-91 1977-78 1992-93 

2. **New Delhi 1628 1433 635 673 130.6 102.1 23.6 24.4 8.3 9.4 
 

Table 3. Global and diffuse insolation, BSS, Tmax and Tmin at New Delhi and Jodhpur (*Standard weeks 48 to 9,  
** Standard weeks 51 to 13) 

CONCLUSION 

The extent of solar dimming over representative climate types in 
India has been brought out through this study. The increasing trend 
in diffuse component is not significant at all the stations except arid 
and wet-dry tropical climates. The increase in diffuse insolation 
indicated presence of dust aerosols in arid station (Jodhpur) and 
cooled down ambient air over the years. Simultaneous reduction in 
global insolation and atmospheric thermal regime led to substantial 
reduction in pan evaporation. The trend in DR and air temperatures 
alongwith GR, plays an important role to identify aerosol trend and 
thereby evaporation. The future work should investigate the effect 
of these on crop evapotranspiration measured through collocated 
lysimeter. This will set the goal for future research on air quality 
and crop productivity. 
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ABSTRACT: 
 
The world’s surface temperature has increased at an unprecedented rate due to global warming. This has impacted the hydrological cycle 
and rainfall pattern. The Indian Summer Monsoon Rainfall season (ISMR), which plays a very important role in regulating the floods and 
droughts, regulates the crop yield, well being of the society, employment generation, and food insecurity. Food insecurity is the limited or 
uncertain availability of nutritionally adequate and safe foods, or limited or uncertain ability to acquire acceptable foods in socially 
acceptable ways. Availability, access, and assimilation are broadly the three main dimensions of food security. All this is related to the 
economy of the state and consequently of the country. Thus, the paper studies and identifies drought variability pattern; consequential 
impact on food availability and thereby suggesting ‘No-regret’ adaptive strategies to improve food insecurity across the state of Orissa. The 
rainfall data for the scientific analysis was obtained from Climatic Research Unit, U.K., for time period of 1901-2002. Univariate analysis 
and bivariate analysis were carried out. Univariate analysis revealed that the months of June- September (ISMR) contributes 79% of the 
annual rainfall in the state, with maximum rainfall in the month of August. Cuttack was the least vulnerable district as it experienced the 
least number of droughts, while Rayagada was the most vulnerable district. To improve the economic conditions and food insecurity in 
Orissa few adaptive strategies were suggested - Need for linkage with employment generation schemes, skill up-gradation programmes, 
and promotion of available untapped resource-based livelihoods were highlighted. 
 
 

                                                                 
∗ aastha.pink@gmail.com 

1. INTRODUCTION 

Human and animal deaths, migration, economic losses and social 
effects were very common in Africa, Asia, America, Europe, and 
Oceania during the twentieth century. Frequent droughts and floods 
in Asia, still results in miseries, erode livelihoods, damage integrity 
of natural ecosystems, and cause diseases or deaths due to poor 
quality water and hunger (Samara, 2004). 

Climate change is evident from the observations of increase in 
global average air temperature, sea surface temperature, extreme 
weather events, widespread melting of snow and ice, storm surges, 
and coastal flooding (IPCC 2007). Climate change is a global 
problem, and India is subjected to it, due to its unique geophysical 
and hydro-climatic conditions (Mall & Kumar, 2009). According 
to O’Brien et al. (2004), climate change is expected to change the 
existing vulnerability profile of India. The country has been 
vulnerable to vagaries such as droughts, floods, heat waves and 
cyclones since time immemorial (BMTPC 1997; High Powered 
Committee 2002). These vagaries have left behind death and 
destruction with huge impact on the developing economy of the 
country. There is growing evidence that the changing climate has 
implications for India with studies projecting future possible 
reductions in monsoon related rainfall in some parts of the country 
and an increase in other parts. This unprecedented change in the 

monsoon related rainfall is expected to have severe impact on the 
hydrological cycle (Mall & Kumar, 2009), thus, changing the 
pattern, frequency, and intensity of extreme rainfall events (floods 
and droughts). According to IPCC (2007), globally, the area 
affected by drought has increased since the 1970s. It is likely that 
the frequency and the intensity of such extreme events will increase 
(IPCC, 2007) and that will result in a negative effect on the Indian 
economy (Mall et al., 2006). Presently in India, about 68% area is 
liable to droughts (Mall & Kumar, 2009). Nearly a rural population 
of 700 million people in the country is directly dependent on 
climate-sensitive sectors (agriculture, forests, and fisheries), and 
natural resources (water, biodiversity, coastal regions, mangroves, 
and grasslands) for their subsistence and livelihood (NATCOM, 
2008). Guhathakurta & Rajeevan (2007), state that the Indian 
economy is still largely dependent on agricultural sector, with 
nearly 70% of the working population dependent on agricultural 
activities for their livelihood (Krishna Kumar, 2004). NATCOM 
report (2008), reports that over 60% of the crop area under the rain-
fed agriculture in the country is highly vulnerable to climate 
variability and change. Human lives and health are expected to be 
affected by extreme rainfall events, both directly through increased 
mortality due to events such as floods and droughts (Patz et al., 
1998), and also indirectly through effects of morbidity and 
mortality related to changes in food security and financial security. 
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Food insecurity means limited or uncertain availability of 
nutritionally adequate and safe foods, or limited or uncertain ability 
to acquire acceptable foods in socially acceptable ways (Carlson et 
al, 1999). Broadly, food security has three dimensions – 
availability, access and assimilation. Shaw (2006) mentions that, 
although communities are equipped with traditional knowledge and 
wisdom, new practices and policies are required to enable them to 
cope with the changing climate, thereby providing them with 
means to sustain their livelihood. The Emergency Database (EM-
DAT) of Centre for Research on the Epidemiology of Disasters 
(CRED) reports the impact of drought events in India. According 
to this database drought events have affected nearly 1,061 million 
people and killed 4.25 million people in India during 1900– 2006 
(Center for Research on Epidemiology of Disasters, 2006). 
Increase in intensity and frequency of drought events in future are 
likely to further threaten the food security and sustainability of the 
country. The National Commission on Flood (1980), identified 
Uttar Pradesh, Bihar, Assam, West Bengal, and Orissa as the major 
flood prone regions in India. INTACH (1986), reports that in areas 
like Rajasthan, Gujarat, Andhra Pradesh, Maharashtra, and Orissa, 
rainfall is highly deviant and drought situation is prevalent. 
Therefore, the study area is the state, which is one of its own kinds 
across the country, i.e., Orissa, where the incidence of both, floods 
and droughts, is high. The highly uneven and erratic rainfall pattern 
across the state makes the eastern districts flood prone, while those 
in the west are drought prone. Thus, voiding the misconception that 
drought events occur only in arid and semi-arid regions. Since, 
droughts are departure from long-term annual average, they may 
also occur in high rainfall regions. 

Agriculture in the state is mainly rain-fed, as only 35% of the 
cultivated area of 64 lakh hectares has irrigation facilities from 
various sources, some of which are again dependent on rainfall 
(OSDMA, 2002-03). The state’s population of 37 million resides 
mainly in rural areas (85%), with a large population of marginal 
farmers (Census, 2001); indicating high level of dependence on 
agriculture. World Bank report (2008), estimated that about 75% of 
cultivated area in the state is rainfall dependent. Thus, the 
monsoonal behaviour across the state holds the key to agricultural 
productivity, and consequent food security. Nearly, 86% of the 
annual rainfall in the state is contributed by the southwest monsoon 
(CGWB, 1999). A delayed/untimely monsoon, and/or less 
precipitation during the season are indicative of poor crop yield and 
drought situation, resulting in damaging consequences and reduced 
coping capacities. Orissa has less experience of coping with 
droughts, in comparison to floods, resulting in poor preparedness. 
Hence, the impact of drought events may be more severe in the 
state. The present study, therefore, emphasizes only on the 
(meteorological) drought events across all the districts of the state. 
Meteorological drought indicates the deficiency of rainfall 
compared to normal rainfall in a given region over an extended 
period of time. According to Sinha Ray (2000), it is classified as 
moderate drought if the rainfall deficit is 26-50% and severe 
drought when the deficit exceeds 50% of normal. The objectives 
defining this study are: (i) to identify and highlight the variability 
and pattern of drought events on a regional scale, and (ii) to suggest 

‘No-regret’ adaptation strategies to cope with the consequences of 
drought events and prevent food insecurity. 

2. METHODOLOGY 

2.1 Study Setting 

This study was focussed on the state of Orissa, which is 
preeminently agricultural. Orissa has total number of 30 districts 
which are spread over the area of 1, 55,707 km2, and are bounded 
between North latitudes 17049’ to 22034’ and East longitude 81024’ 
to 87029’. In the present study all the 30 districts were included 
(Figure 1). 

 

Figure 1. Study area – Orissa (Source: www.opepa.in) 

2.2 Data Collection 

2.2.1 Climate data: High-resolution rainfall data for all the 
districts of the state of Orissa was obtained from Climatic Research 
Unit (CRU), U.K. The data was collected for each month for a 
period of approximately hundred years (1901-2002). Monthly data 
for all the districts from Indian Meteorological Department (IMD) 
for a time period of fifty years (1901-1950) was also obtained. 

2.2.2 Field visit: To understand the perception of the local 
community and their cultural practices in order to suggest 
programmatically feasible ‘No regret’ adaptation strategies field 
visit was conducted to selected districts by the investigator. 

2.3 Data analysis 

The data from CRU was used to identify the change in the rainfall 

pattern on regional and temporal scale and its associated changes in 

the frequency of drought events across the districts of the state. 

‘Percent of normal’ drought index was used to define drought in 
various districts quantitatively. ‘Percent of normal’ drought index 
was calculated by dividing actual precipitation by normal 
precipitation considered to be a thirty scale range, from a single 
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month to a group of months representing a particular season to an 
annual year. Normal precipitation to a specific region is considered 
to be 100%. 

The percent departure of rainfall from the average of rainfall in 
JJAS (June, July, August, and September) for the period of 1901-
2002 for all districts of Orissa was calculated using the high-
resolution data from CRU. Univariate analysis using Excel 2003 
was done, in which the mean, standard deviation, and coefficient of 
variation was calculated for the state as a whole. Seasonal trend 
and monthly (June, July, August, and September) contribution of 
rainfall to the annual rainfall of the state was also studied. Followed 
by this, drought frequency map was generated using ArcView GIS 
3.2 software. Coefficient of correlation using the Karl Pearson’s 
Correlation Analysis statistical tool was calculated using SPSS 
version-16. for the rainfall data set taken from CRU, and the 
rainfall data set obtained from IMD. This was done to assess the 
level of correlation between monthly precipitations of the two data 
sets, for all thirty districts of Orissa, for the period of 1901-1950. 

3. RESULTS 

Monthly, seasonal, and annual rainfall series for the entire state was 
constructed based on the monthly data of the districts taken from 
CRU. Univariate analysis (mean, standard deviation and coefficient 
of variation) calculated for the same, revealed that the mean Indian 
Summer Monsoonal Rainfall (June, July, August, and September) 
(1025.84 millimetres) contributes 78.7% of the annual rainfall. 
Contribution of pre-monsoon (March, April, and May) and post-
monsoon (October, November, and December) rainfall to the 
annual rainfall is 7.7% and 11.1% respectively (Figure 2). 
Coefficient of variation is higher during the months of November, 
December, January, February, and March. The mean (calculated 
with the data of 1901-2002) rainfall of August, i.e., 319.7 
millimetre is the highest and contributes 24.55% of annual rainfall. 
The July rainfall is slightly lower (297.59 millimetre), which 
contributes 22.85% of the annual rainfall. The June and September 
rainfall are almost similar and they contribute 14.9% and 16.6% of 
the annual rainfall respectively (Figure 3). 

 

Figure 2. Seasonal Contribution to Annual Rainfall Across 
Orissa 

The results obtained from the calculation of percent departure of 
rainfall from the average of rainfall in JJAS for the period of 1901-
2002, for all districts of Orissa, using the rainfall data set obtained 
from CRU, discerned that out of approximately hundred years 
(1901-2002), the years 1901, 1907, 1935, 1950, 1954, 1966, 1973, 
1979 showed negative departures (with +/-19 as the normal) for 
majority of the districts (>50%). The correlation coefficient for the 
monthly rainfall series (1901- 1950) from CRU and IMD on a 
district level was observed to be very large (r>0.90, p<0.01 for all 
districts). Drought frequency map was made for the entire state of 
Orissa. On studying this map (Figure 4), it was observed that 
Cuttack was the least vulnerable district as it experienced the least 
number of droughts, while Rayagada was the most vulnerable 
district as it experienced maximum number of drought events. 

 

Figure 3. Monthly Rainfall Contribution to JJAS Across ORISSA 

 

Figure 4. Frequency of Drought Events Across the Districts of 
Orissa 

In years 1901, 1907, 1950 and 1979 drought was severe & affected 
most of the districts (more than 20 districts) of Orissa, including 
some of the cyclone and flood affected districts (Jagatsinghpur, 
Khordha, Kendrapara, Puri, Jajpur, and Ganjam). 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

374 

4. DISCUSSION 

Though climate change is seen as a relatively recent phenomenon, 
individuals, societies and many parts of the world are used to 
adapting to a range of environmental and socio-economic stresses 
like drought. Observations state that Orissa has been subjected to 
climate variability and extreme weather events each year in many 
ways. Also, that identified meteorological drought years coincided 
with agricultural drought years across the state. Many studies have 
showed that climate change affects food security in several and 
complex ways. Gregory et al, 2005 mentioned that reliance on 
purchased food increases in drought years due to losses in food 
production leading to an increase in poverty due to the synergistic 
action of other drivers such as rising food prices and 
unemployment. Therefore to prevent food insecurity in the state of 
Orissa various adaptive strategies have been stressed upon. These 
are: 

Water harvesting and conservation: is considered very useful for 
groundwater recharge both when rainfall is deficient and when 
there are floods. Every household’s minimum water requirements 
can be easily met by collecting rainwater locally from community 
ponds, or by diverting and storing water from local streams and 
springs. Harvesting and conservation of flood water should be 
encouraged to rejuvenate depleted aquifers by adopting 
groundwater recharge techniques, such as percolation tanks. This 
would improve water availability and create a water buffer for 
dealing with successive droughts/floods. Use of water saving 
technologies such as drip and sprinkler irrigation systems can also 
be encouraged for achieving higher irrigation efficiencies. 

Afforestation: or development of forests in areas susceptible to 
periodic recurrence of drought is an effective drought-resistant 
measure. Areas which are devoid of tree growth need to be covered 
with drought-resistant vegetation, for example, Jackfruit plantation. 
For effective development of forests, afforestation should be 
financially supported through the social forestry program or 
watershed development program which normally includes a budget 
for this activity. 

Community participation: is an essential feature of drought/flood 
mitigation programmes. As local water management and rainwater 
harvesting hold the key to drought mitigation, Government policies 
should emphasize community-based water resource management. 
Institutions such as ‘Pani Panchayat’ program can play important 
roles in managing water resources at the micro level. Further, there 
is a need to strengthen Gram Sabhas and Panchayati Raj 
Institutions which help in meeting the basic entitlements through 
provision of work and food to people affected by drought. 
Communities can be involved at the local level preparedness 
planning, vulnerability mapping while preparing the community 
level drought management plans (Hayes et al. 2004). 

Women’s self-help groups: can play an important role in a large 
number of measures targeted at drought/flood mitigation. They 
could be involved in small scale industries, running PDS shops, 
Aanganwadis and day care centres, and overseeing water 
distribution and utilization in their community. 

Employment opportunities outside the agricultural sector: such 
as engaging in construction activities, poultry farming can reduce 
the impacts of extreme rainfall events on farmers. 

Awareness creation: through adult and non-formal education. 
There is a need to generate community awareness about existing 
livelihood generation government programs and link the 
community with respective government departments implementing 
these schemes. 

Skill up-gradation, training, community linkages with potential 
private employers/industrial units can improve employability and 
opportunity to obtain gainful livelihood. Any perturbation in 
agriculture can considerably affect the food systems and thus 
increase the vulnerability of large fraction of the resource poor 
population (Aggarwal, 2008). Therefore, maintaining buffer stocks 
of food helps in managing periods of scarcity. 

Improved land-use and natural resource management policies 
and institutions: (Aggarwal, 2008). Crop insurance, subsidies, and 
pricing policies related to water and energy could help in coping 
with the disasters. Rational pricing of surface and groundwater, for 
example, can arrest its excessive and injudicious use. Policies and 
incentives should be evolved that would encourage farmers to 
sequester carbon in the soil and thus, improve soil health, water 
use, and energy more efficiently. 

CONCLUSION 

The unique geo-climatic conditions of Orissa make this Indian state 
vulnerable to various natural hazards. Coastal districts are prone to 
floods and cyclones, while drought is particularly frequent and 
severe in the western districts of the state. Due to being far from 
conclusive and lack of dependable regional scenarios, it suffices to 
discern that the governments at all the levels need to be on watch 
for dealing with any surprises. Under these circumstances, 
identification of appropriate adaptation options seemed to be the 
right policy. The right adaptation policy was to look at the existing 
vulnerability reduction mechanisms and improve upon them by 
plugging the gaps. Therefore, in this study the available evidences 
of drought events across the state of Orissa were also considered 
and the existing preparedness and mitigation mechanisms for 
drought risk reduction in the state were assessed. Identification of 
noregret options that would improve the existing interventions, 
hence reducing the vulnerabilities to a greater extent, was done. 
Among all the adaptation measures identified and elaborated, the 
community based preparedness and mitigation planning is the key 
as it would greatly enhance the capacities of communities by 
broadening their coping range. Similarly, there is a greater need for 
clarity in center-state relationships in dealing with the extreme 
rainfall events such as droughts and floods. 

ACKNOWLEDGEMENTS 

We are thankful to the authorities of NIDM and TERI University 
for their help and support. We are extremely grateful to Mrs. 
Ameeta Jena, Mr. Purnendu Sandhibigraha, for helping us in data 
collection in Orissa, and making our field visit to the state a 
wonderful and an extremely learning experience. We would like to 
acknowledge Mr. Barik, Orissa State Disaster Mitigation 
Authority, Mr. Ranjan Rauth Roy, librarian, Gopabandhu 
Academy of Administration, and Orissa State Library for giving us 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

375 

their precious time, and helping us in data collection. I would also 
like to extend my sincere thanks to Mr. Sanjay Patnaik, Director, 
Peoples’ forum and Mrs. Manju Dhal, Director, C.A.R.D. for 
helping us interact with the community, and for providing us 
information on the relief activities taken up the NGOs during 
floods and droughts. 

REFERENCES 

Aggarwal, P.K., 2008. Global climate change and Indian 
agriculture: impacts, adaptation, and mitigation. International 
Journal of Agricultural Sciences, 78(10), pp. 911-919. 

BMTPC, 1997. Vulnerability atlas of India, Parts I–III, building 
materials and technology promotion council. New Delhi: India 

Carlson, S.J., Andrews, M.S., & Bickel, G.W., 1999. Measuring 
food insecurity and hunger in the United States: development of 
a national benchmark measure and prevalence estimates. 
Journal of Nutrition, 129, pp. S510–S516. 

Census of India, 2001. http://www.censusindia.gov.in/ 
population_finder/State_Master. aspx?State_Code=21 (accessed 
29 April 2009) 

Center for Research on Epidemiology of Disasters, 2006, India 
country profile of natural disasters, EM-DAT: The International 
Disaster Database, http://www.emdat. 
net/disasters/Visualisation/profiles/countryprofile.php. 
(accessed 20 March 2009) 

Central Ground Water Board, 1999. Ground water year book: 
1998-99. South Eastern Region, Bhubaneshwar. 

Gregory, P.J., Ingram J.S.I., & Brklacich, M., 2005. Climate 
change and food security. Philos Trans R Soc Lond B Biol Sci. 
360(1463), pp. 2139–2148 

Guhathakurta, P., & Rajeevan, M., 2007. Trends in the rainfall 
pattern over India. International Journal of Climatology, 28, pp. 
1453-1469. 

Hayes, M.J., Wilhelmi, O.V., & Knutson, C.L., 2004. Reducing 
drought risk: Bridging theory and practice. Natural Hazard, (2), 
p.106–113. 

High Powered Committee, 2002. Disaster management report. 
Department of Agriculture and Cooperation, Ministry of 
Agriculture: Government of India. p. 107. 

INTACH, 1986. Drought development and desertification. 
Proceedings of Seminar on Control of Drought, Desertification 
and Famine. India. 

IPCC (Intergovernmental Panel on Climate Change), 2007. 
Climate Change 2007: Impacts, Adaptation, and Vulnerability. 
Summary for Policymakers. Contribution of Working Group II 
to the Fourth Assessment Report of the IPCC. 

Krishna Kumar K., et al., 2004. Climate impacts on Indian 
Agriculture. Int. J. Climatol., 24, pp. 1375-1393. 

Mall R. K., Gupta, A., Singh, R., & Rathore, L.S., 2006. Water 
Resources and Climate Change-An Indian Perspective. Current 
Science, 90 (12), pp. 1610-1626. 

Mall, R.K. & Kumar, S., 2009. Climate change and disaster 
management: Special reference to water resources. 
[Unpublished] 

NATCOM, n.d., Vulnerability Assessment and adaptation, 
India: Ministry of Environment and Forest, 
http://www.natcomindia.org/pdfs/chapter3.pdf (accessed 16 
March 2009) 

O’Brien K. et al., 2004. Mapping vulnerability to multiple 
stressors: Climate change and globalization in India. Global 
Environmental Change, 14, pp. 303–313. 

OSDMA, 2002-03. Annual Report on Natural Calamities 2002- 
03. Special Relief Commissioner, Revenue Department, Orissa 
State Disaster Mitigation Authority, Government of Orissa. 

Patz, J.A., et al., 1998. Predicting key malaria transmission 
factors, biting and entomological inoculation rates, using 
modeled soil moisture in Kenya. Tropical Medicine and 
International Health, 3, pp. 818-827. 

Shaw, R., Community-based climate change adaptation in 
Vietnam: inter-linkages of environment, disaster, and human 
security. In: Sonak, S., 2006. Multiple dimensions of global 
environmental change, New Delhi, India: TERI Press. p. 521- 
547. 

Sinha Ray, K.C., 2000. Role of Drought Early Warning 
Systems for Sustainable Agricultural Research in India. 
Proceedings of an expert group meeting, September5-7, 2000. 
Lisbon: Portugal. 

World Bank, 2008. Climate Change Impacts in Drought and 
Flood Affected Areas: Case Studies in India. Report No. 43946- 
IN. South Asia Region: India Country Management Unit. 

 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

376 

TRENDS AND FLUCTUATIONS OF TEMPERATURE REGIME OF NORTH EAST INDIA  

R.L. Dekaa∗, C. Mahantaa and K.K. Nathb 

aCentre for the Environment, Indian Institute of Technology Guwahati, Assam 
bDepartment of Agrometeorology, Assam Agricultural University, Jorhat, Assam – aas_jorhat@rediffmail.com 

KEYWORDS: Temperature, Trends, Fluctuations, Mann-Kendall Rank Test, Cramer’s t Test, Northeast India. 
 
 
ABSTRACT:  
 
The study examines long-term changes and short-term fluctuations in ambient temperature of North East India during 1901-2003 located in 
part of the Eastern Himalayan region of the Brahmaputra Basin. Long-term linear trends were examined with the Mann-Kendal rank 
statistic and moving average method while the short-term fluctuations were studied by applying Cramer’s test. The results showed 
significant warming trend in annual and seasonal maximum temperature. Decrease in minimum temperature during monsoon season and 
its increase during post-monsoon and winter season is evident. Higher magnitudes of linear trends are observed in the maximum 
temperature than in the minimum temperature. Maximum temperature showed increasing tendency in the recent five decades. On the 
contrary, minimum temperature decreased sharply during 1960-90. 
 
 

                                                                 
∗ r.deka, chandan)@iitg.ernet.in 

1. INTRODUCTION 

The global climate has changed rapidly with the global mean 
temperature increasing by 0.74°C within the last century (IPCC, 
2007). However, the rates of climate change are significantly 
different among regions (IPCC 2007). This is primarily due to the 
varied types of land surfaces with different surface albedo, 
evapotranspiration and carbon cycle affecting and responding to 
the climate in different ways (Snyder et al. 2004, Dang et al. 2007). 
Using the all-India mean surface air temperatures during 1901-
2000 from a network of 31 well-distributed representative stations 
over India, Rupa Kumar et al. (2002) highlighted that the warming 
trends were visible during all the four seasons. The results showed 
higher rate of temperature increase during winter (0.04°C/decade) 
and post-monsoon (0.05°C/decade) seasons compared to that of 
annual (0.03°C/decade). 

The IPCC has projected that the likely range of global average 
surface warming over the 21st century will vary from 0.3 to 6.4°C, 
depending on the model used for simulation. The mean annual 
increase in temperature by the end of this century is projected to be 
around 3.8°C in Tibetan plateau, 3.3°C in South Asia and 2.5°C in 
South East Asia (IPCC, 2007a). Lal et al. (2001) projected mean 
warming between 1.0-1.4°C and 2.23-2.87°C in India by 2020 and 
2050, respectively. Comparatively, increase in temperature is 
projected to be more in winter season than in summer. The study of 
Rupakumar et al. (2003) revealed marked increase in both rainfall 
and temperature into the 21st century, particularly conspicuous after 
the 2040s in India. The study also showed a general increase in 
minimum temperature up to 4°C all over the country, which may 
however be more in Northeast India.  The number of rainy days is 
likely to increase by 5-10 days in the foot hills of Himalaya and 
Northeast India.  

North East (NE) India (latitude: 21°57´N to 29°30´N and 
longitude: 89°46´E to 97°30´E) with distinct precipitation and 
drainage patterns, unique physiographic and hydrogeomorphic 

regimes presents a distinctive geophysical unit set in the Eastern 
Himalayan region. Climate of NE India is distinct from that of the 
rest of India due to special features like orography, alternating 
pressure cells over NE India and Bay of Bengal, the roving 
periodic western disturbances and the local mountain and valley 
winds. The extensive water bodies and forest areas add to its 
climate individuality. Agriculture is the mainstay of economy 
accounting for 30% of the region’s NSDP - a major source of 
employment and livelihood. Rice is the single-most dominant crop 
in the region. The total area under rice during 2006-07 is 3067 
thousand ha with a total production of 4585 lakh tones.  

Most efforts in climate change studies have focused on the global 
scale, although regional-scale analysis is important for mitigating 
its negative effects and the development of adaptation plans. The 
increase in global temperature identified by the IPCC does not 
exclude local warming or cooling trend in a small-scale area like 
the NE region. Therefore, this study is proposed to assess the 
variations of temperature regime of NE India. 

2. MATERIALS AND METHODS 

Observed monthly maximum and minimum temperatures for the 
period 1901–2003 used in this study are obtained from the Indian 
Institute of Tropical Meteorology (IITM), Pune website 
http://www.tropmet.res.in. In order to examine the temperature 
trend over Northeast India during different seasons, in this study, 
the entire year has been divided into four seasons namely, pre-
monsoon (March to May), monsoon (June to September), post-
monsoon (October and November) and winter (December to 
February). The data were analyzed for long-term trends and short-
term fluctuations by using the methods as follows: 

2.1 Mann-Kendal Rank Test 

The long-term trends are generally tested using Mann-Kendal rank 
test and the linear trend. The Mann-Kendal rank test, based on the 
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run test of a ranked time series, is sensitive to non-linear trends. 
This statistics was used to determine the possible existence of any 
significant trend in the collected data over a period of time. 
However, it indicates only the direction and the significance of the 
trend and cannot quantify the trend. This test was found to be 
useful and widely used for detecting trends in climate and 
environment sciences (Sneyers, 1990; Kadiolgu, 1997).  

The Mann-Kendall rank statistics (τ) is computed from   

τ = [(4∑ni / N(N-1)] -1 

Where, ni is the number of values larger than the ith value in the 
series subsequent to its position in the series of N values. The value 
of τ is tested for significance by the statistics τt, which is given by  

τt = ± tg [ (4N+10) / (9N (N-1)] 0.5 

Where, tg is is the desired probability point of the Gaussian normal 
distribution appropriate to a two-tailed test.  

2.2 Cramer’s t-test 

Statistical attempts to identify climatic trends frequently employ 
the calculation of a moving mean; a ten-year smoothing mean can 
be utilized to smooth out many of the short-term fluctuations. The 
decade averages (a decade, two decades and three decades) have 
been examined in order to see whether the individual decade means 
differ from the mean of the entire period. The main purpose of 
applying moving Cramer's test to 10, 20, and 30 year sliding 
window widths to the time series is to find out significant periods 
with abnormal averages, if any.  

The statistical significance of the moving mean as well as decadal 
averages was examined using the Cramer’s test statistics as 
follows:  

The t-statistics, tk is computed as  

tk = τk [(n (N-2) / N-n (1+ τk
2)] 0.5 

Where, τk = Řk-Ř/ σ 

Ř is the mean and σ is the standard deviation of the series for the 
total number of years (N) under investigation; Řk is the mean for 
each successive n-year. 

3. RESULTS AND DISCUSSION 

3.1 Long-Term Trends 

The regression slope estimates and Mann-Kendall (M-K) test 
statistics for annual and seasonal mean maximum, mean minimum 
and mean average temperature during 1901-2003 are presented in 
Table 1, 2 and 3. The trend rate of temperature (°C/100 yr) is 
shown in Table 4.  

The results showed significant increase in annual and seasonal 
maximum temperature in NE India (Table 1). The annual 
maximum and mean temperature has increased significantly by a 
rate of 1.02°C and 0.60°C/100 years, respectively. Maximum 

temperature has enhanced by about 1.5 and 1.2°C during post-
monsoon and winter season, respectively (Table 4).  

Minimum temperature showed a significant cooling trend during 
monsoon season by a rate of -0.32°C per 100 years (Table 4). 
Significant increasing tendency of minimum temperature during 
post-monsoon (0.64°/100 years) and winter season (0.61°C/100 
years) was noticed. Higher magnitudes of linear trends are 
observed in the maximum temperature than in the minimum 
temperature.  

Season Slope M-K statistics 
Pre-monsoon 0.0079 0.2119* 
Monsoon 0.0076 0.3771* 
Post-monsoon 0.0155 0.4959* 
Winter 0.0125 0.3745* 
Annual 0.0103 0.5564* 

Table 1:  Regression Slope (°C/year) and Mann-Kendall (M-K) 
Statistics for Maximum Temperature (1901-2003) in NE India 

* Significant at 5 percent  

Season Slope M-K statistics 
Pre-monsoon 0.0010 0.0425 
Monsoon -0.0033  -0.1795* 
Post-monsoon 0.0064   0.1704* 
Winter 0.0062    0.2549* 
Annual 0.0018             0.1194 

Table 2:  Regression Slope (°C/year) and Mann-Kendall (M-K) 
Statistics for Minimum Temperature (1901-2003)  
in NE India 

* Significant at 5 percent  

Season Slope M-K statistics 
Pre-monsoon 0.0044 0.1479* 
Monsoon 0.0022 0.1426* 
Post-monsoon 0.0010 0.4418* 
Winter 0.0094 0.3729* 
Annual 0.0060 0.4091* 

Table 3:  Regression Slope (°C/year) and Mann-Kendall (M-K) 
Statistics for MEAN temperature (1901-2003)  
in NE India 

* Significant at 5 per cent  

Trend Rate of Temperature (°C/100 yr) Seasons 
Maximum Minimum Mean 

Pre-monsoon +0.78 +0.09 +0.44 
Monsoon +0.75 - 0.32 +0.21 
Post-monsoon +1.54 +0.64 +1.09 
Winter +1.22 +0.61 +0.92 
Annual +1.02 +0.18 +0.60 

Table 4: Trend Rate of Temperature in NE India 

The enhancement of the mean atmospheric temperature was 
highest during post-monsoon (1.09°C) followed by winter (0.92°C) 
season. During pre-monsoon, an increase of mean temperature by 
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0.44°C has been observed whereas the temperature enhancement 
during monsoon season was lowest at 0.21°C (Table 4).  

Less increase of maximum and minimum temperature during 
monsoons may be due to the cooling effect of rainfall. A sizeable 
percentage of temperature increase may be offset by precipitation. 
Less amount of precipitation coupled with enhanced GHG contents 
in the atmosphere have rendered the winter and the post-monsoon 
significantly warmer.  

The 10-year moving average curve and corresponding Cramer’s tk 
value for annual maximum and minimum temperature with 5 per 
cent significant line is shown in the Fig 1 (a-d).  

The 10-year moving average curve for annual maximum 
temperature showed a gradual rise up to 1947, then a shorter 
decreasing tendency up to 1957 and afterwards a continuous 
increasing tendency. Similar features are noticed in Cramer’s t-
value moving curve also (Fig 1b). The tk value was significant at 
5% level during 1910-1931, 1933-34, 1936 (below long-term 
mean); 1966-67, 1973-75, 1981, 1996, and 1999-03 (above long-
term mean).  

(a) 10-year moving Cramer's t-value 
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Figure. 1 (a-b) Ten Year Simple Moving Average and Cramer’s 
t-Statistic for Maximum Temperature During 1901-2003 

(c) 10- Year moving Cramer's t-value
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(d) 10-year moving average 
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Figure. 1 (c-d) Ten year Simple Moving Average and Cramer’s 
t-Statistic for Minimum Temperature During 1901-2003 

In case of annual minimum temperature, a gradual increasing 
tendency up to 1924, a decreasing tendency from 1960 to 1990 
followed by an increasing tendency up to 2003 was noticed. The tk 
value was significant during the period from 1910-1914, 1955-
1966, 1971-1980 and 2002-03 (Fig 1 c & d). 

3.2 Short-Term Fluctuations 

The 10-, 20- and 30-year averages (window lengths) have been 
examined in order to ascertain whether the sub-period means differ 
from the mean of the entire period. Temperature anomalies during 
different sub-periods are presented in Table 5. 

The annual maximum temperature was below the overall mean 
(28.6°C) during the first five decades (1901-1910 to 1941-50) with 
significant values during 1901-1910 and 1911-1920. The recent 
five decades showed a warming tendency. Except the decade 1981-
1990, the Cramer’s t value was found to be significant in all other 
decadal periods (Table 5).  There are two 20-year periods, 1961-
1980 and 1981-2000 which showed positive anomalies and one 20-
year period of 1901-1920 which showed negative anomaly from 
the overall mean and were significant at 5% level. Similarly, 
decrease of maximum temperature during 1901-30 and increase 
during 1961-90 was also found to be significant.  
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Temperature anomaly (°C)  Period 
Maximum  Minimum  Mean 

10-year 
window 

 

1901-10 -0.45* -0.19* -0.32* 
1911-20 -0.54* -0.11 -0.33 
1921-30 -0.23  0.05 -0.09 
1931-40 -0.08  0.04 -0.02 
1941-50 -0.04  0.13  0.05 
1951-60  0.22  0.43*  0.33* 
1961-70  0.31* -0.14  0.09 
1971-80  0.26* -0.23*  0.01* 
1981-90  0.17 -0.11  0.03 
1991-00  0.38*  0.13  0.25 
20-year 
window 

  

1901-20  -0.49* -0.15* -0.32 
1921-40 -0.15  0.04 -0.06 
1941-60 0.09  0.28*  0.19 
1961-80  0.28* -0.18*  0.05 
1981-00  0.28*  0.01  0.14 
30-year 
window 

  

1901-30 -0.41* -0.08 -0.24* 
1931-60  0.03  0.20*  0.12* 
1961-90  0.25* -0.16*  0.04 

Table 5: Temperature Anomalies During Different  
Sub-Periods 

* Significant at 5 per cent 

In case of annual minimum temperature, the decades 1901-10, 
1911-20, 1961-70, 1971-80, and 1981-90 showed a decreasing 
tendency from the overall mean of 18.0°C while the remaining 
decades showed increasing tendency. Decrease in minimum 
temperature during two decades (1901-1910 and 1971-1980) and 
increase in the decade 1951-60 was found to be statistically 
significant (Table 5). There are two 20-year periods, 1901-20 and 
1961-1980 in which minimum temperature was decreased and one 
20-year period, 1941-60 in which it increased significantly from 
the overall mean. Similarly, decrease of maximum temperature 
during the 30-year period of 1961-90 and increase during 1931-60 
was found to be significant.  

The annual mean temperature was below the overall mean during 
the first four decades of 20th century with significant values during 
1901-1910. The recent six decades (1941-50 to 1991-2000) showed 
a warming tendency. It may be noted that the decade 1951-60 was 
the warmest decade due to abrupt rise in minimum temperature 
followed by last decade (1991-2000) during 20th century in NE 
India.  

The results clearly showed significant warming in the NE India. 
The causes are thought to be mostly anthropogenic. The increase in 
population is also related to urbanization and other developmental 
activities which may have many interactions and interventions on 
the local environment. The human population in NE India is 
steadily increasing from 0.42 crores during 1901 to 3.9 crores in 
2001 (Census of India, 1901, 2001). The chemical composition of 
the atmosphere over India has been changing for the past few 

decades (Mitra, 1992), initially as a result of agriculture, more 
recently due to industrial activities. The annual per capita CO2 
emission  has increased gradually in India from 0.06 to 1.2 metric 
tons from 1950 to 2004 (Sharma et al, 2006). There is considerable 
decline in forest cover in NE India due to deforestation, land-use 
conversion and land degradation. There has been a decrease of 
about 1800 km2 in the forest cover of this region between 1991 and 
1999 (Forest Survey of India, 2001). Shifting (jhum) cultivation is a 
major cause of deforestation and has a disastrous impact on the 
region’s ecology. According to the information compiled by the 
Ministry of Agriculture, nearly 1.9 mha of land has so far been 
affected by jhum cultivation. The estimated area annually brought 
under this cultivation is about 4.7 mha involving nearly 4.4 lakh 
families of over a 100 of tribal ethnic minorities. Methane (CH4) is 
an important GHG since large pockets of forests have been cleared 
and converted into agriculture for meeting the food demands of the 
increasing population. 

The implication of climate change is already visible although, 
impact assessment studies on climate change on agriculture of NE 
India are quite limited to arrive at concrete conclusions. It is 
apprehended that the winter crops will be affected most due to 
warming. Shorter and warmer winter may make the existing 
varieties of winter crops less productive. Increasing temperatures in 
post-monsoon and winter will lead to season shift with earlier and 
faster crop ontogenetic development. Water requirement of the 
crops will be more due to increased evaporation rate. With more 
flooding predicted due to initial glacial melt and enhancement in 
monsoon rainfall, the hazards of flooding might increase in all 
proportions in the next few decades in the floodplains of NE India. 
Increased frequency of heavy rainfall events will increase flood 
risk, which would damage standing crops, increase soil erosion and 
make productive lands waterlogged. 

CONCLUSION 

Detailed analysis of observed data during 1901-2003 clearly 
indicated that the maximum and mean temperature of NE India 
showed significant increasing tendencies. The current rate of 
increase in annual maximum temperature was 1.02°C/100 yr. 
Minimum temperature showed a significant cooling trend during 
monsoon season by a rate of -0.32°C/100 yr. Post-monsoon and 
winter season were predominant in causing the overall annual rise 
in the surface air temperatures of NE India. Less amount of 
precipitation coupled with enhanced GHG contents in the 
atmosphere might have rendered the winter and the post-monsoon 
significantly warmer.  

REFERENCES 

Dang H, Gillett N P, Weaver A J and Zwiers F W 2007 Climate 
change detection over different land surface vegetation classes 
Int. J. Climatol. 27 211–20 

IPCC (2007). Climate Change 2007: Impacts, Adaptation and 
Vulnerability. Contribution of Working Group II to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate 
Change ed. M Parry, O Canziani, J Palutikof, P van der Linden 
and C Hanson (Cambridge: Cambridge University Press) 

IPCC (2007a). “Climate Change 2007: The Physical Science 
Basis.” Contribution of Working Group I to the Fourth 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

380 

Assessment Report of the Intergovernmental Panel on Climate 
Change, 996. 

Kadiolgu, M., 1997. Trends in surface air temperature data over 
Turkey. Intl. J. Climatol., 17:511–520. 

Lal, M., Nozawa, T., Emori, S., Harasawa, H., Takahashi, K., 
Kimoto, M., Abe-Ouchi, A., Nakajima, T., Takemura, T. and 
Numaguti, A., 2001. ‘Future climate change: Implications for 
Indian summer monsoon and its variability’, Current Science 
81, 1196–1207. 

Mitra, A.P., 1992. Greenhouse gas emissions in India-1992 
update, Scientific Report No. 4, Aug. 1992. Council of 
Scientific and Industrial Research & Ministry of Environment 
and Forests, New Delhi. 

Rupa Kumar, K., Krishna Kumar, K., Ashrit, R.G., Patwardhan, 
S.K., Pant, G.B., 2002. Climate Change in India: Observations 
and model projections. In: PR Shukla, SK Sharma, PV Ramana 
(eds) Climate change and India Issues, Concerns and 

Opportunities, Tata McGraw-Hill Publishing Company 
Limited, New Delhi, pp. 24–75 

Rupakumar, K., Kumar, K., Prasanna, V., Kamala, K., 
Desphnade, N.R., Patwardhan, S.K. and Pant, G.B., 2003. 
Future climate scenario, In: Climate Change and Indian 
Vulnerability Assessment and Adaptation. Universities Press 
(India) Pvt Ltd, Hyderabad, pp. 69–127 

Sharma, S., Bhattacharya, S and Garg, A., 2006. Greenhouse 
gas emissions from India: A perspective. Current Sci. 90:326-
333 

Sneyers, R., 1990. On the statistical analysis of series of 
observations. WMO Technical Note 143. WMO No. 415, TP-
103, Geneva, World Meteorological Organization, pp:192 

Snyder, P.K., Delire, C. and Foley, J. A., 2004. Evaluating the 
influence of different vegetation biomes on the global climate 
Clim. Dyn.23 279–302 

 

 

 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

381 

WETLAND MAPPING AND STUDY OF TEMPORAL CHANGES IN CORRELATION 
WITH METEOROLOGICAL DATA FOR SOLAPUR DISTRICTS OF MAHARASHTRA 

USING REMOTE SENSING AND GIS TECHNIQUES 

Farjana S. Birajdara, Samee Azmia, Arun Inamdara, Tutu Senguptab and A.K. Sinhab 

aCSRE, IIT Bombay, Mumbai, India 
bRegional Remote Sensing Service Centre, Nagpur, India 

KEYWORDS: Wetland Mapping, Remote Sensing, GIS. 
 
 
ABSTRACT:  
 
A wetland is an area where the soil is saturated with moisture either permanently or seasonally. Wetlands are considered the most 
biologically diverse of all ecosystems, a repository of various species of flora and fauna available in the area. Wetlands are directly or 
indirectly beneficial to human society, and are specifically valuable to people for recreational and educational activities. Mainly two types 
of wetland classes are present, coastal wetland and inland wetlands. Coastal wetlands are found along the coasts. They are closely linked to 
estuaries; though shallow coastal areas have mud flats or sand flats without vegetation. Inland wetlands are most common on floodplains 
along rivers and streams, in isolated depressions surrounded by dry land along the margins of lakes and ponds. Remote Sensing offers a 
cost effective means of identifying and monitoring wetlands over large areas on a temporal scale. In this study, we aim at providing 
information on characteristics of wetlands obtained from standard remote sensing techniques. The different wetland classes are mapped 
using pre-monsoon and post-monsoon LISS III satellite data for Solapur of Maharashtra state. Besides mapping, an attempt was made to 
monitor the changes in these wetlands over a time period of last 12 years and analyze the causes that have led to the current scenario in 
relation to meteorological data. It was found that the number of wetlands fluctuated over time. Most wetlands were delineated in post 
monsoon season. Some wetlands were less than 2.5 ha, were mapped as points. 

 
1. INTRODUCTION 

1.1 General Instructions 

Wetlands are lands where saturation with water is the dominant 
factor determining the nature of soil development and the types of 
plant and animal communities living in the soil and on its surface 
(Cowardin et al. 1979). Wetlands are defined as areas of land that 
are inundated for at least part of the year, leading to physico-
chemical and biological conditions characteristic of shallowly 
flooded systems.(Watson et al. 2000). Wetlands are beneficial to 
the society globally, socially, economically and environmentally. 
Functionalities of wetlands include storage of water, recharging the 
groundwater, protection from storm and floods, stabilizing the 
shoreline, to some extent controlling the soil erosion, and retaining 
carbon, nutrients, sediments and pollutants, it also is a habitat for 
plants and other life forms. 

India, with its annual rainfal1 of over 130 cm, varied topography 
and climatic regimes, supports and sustains diverse and unique 
wetland habitats. Natural wetlands in India consists of the high-
altitude Himalayan lakes, followed by wetlands situated in the 
flood plains of the major river systems, saline and temporary 
wetlands of the arid and semi-arid regions, coastal wetlands such as 
lagoons, backwaters and estuaries, mangrove swamps, coral reefs 
and marine wetlands, and so on.In fact with the exception of bogs, 
fens and typical salt marshes, Indian wetlands cover the whole 
range of the ecosystem types found. In addition to the various types 
of natural wetlands, a large number of man-made wetlands also 
contribute to the faunal and floral diversity (Prasad et al.). 

There are basically two types of wetland classes present, coastal 
and inland wetlands. Coastal wetlands are found along the coasts. 
They are closely linked to estuaries where sea water and fresh 
water mix to form an environment of varying salinities. Shallow 
coastal areas are un-vegetated mud flats or sand flats. Some plants, 
certain grasses and grass like plants, mangrove swamps, with 
shrubs or trees, saltpans are usually found in the coastal wetlands 
and have adapted to this environment. 

Wetlands are important regulators of water quantity and water 
quality. Wetlands are known to act as hydrological buffers. For 
example, floodplain wetlands store water when rivers over-top their 
banks, reducing flood risk downstream. The value of these services 
may be considerable and often technical alternatives to regulate the 
quantity of flow are much more expensive. Wetlands not only 
regulate the quantity of water flow but also regulate its quality 
(Baker and Maltby 1995) 

Wetlands are often filled in to be used by humans for everything 
from agriculture to parking lots, in part because the economic value 
of wetlands has only been recognized recently: the shrimp and fish 
that breed in salt water marshes are generally harvested in deeper 
water, for example. Humans can maximize the area of healthy, 
functioning wetlands by minimizing their impacts and by 
developing management strategies that protect, and where possible 
rehabilitate those ecosystems at risk. Wetlands are sometimes 
deliberately created to help with water reclamation. 

Wetlands vary widely because of regional and local differences in 

soils, topography, climate, hydrology, water chemistry, vegetation, 

and other factors, including human disturbance. Wetlands are areas 
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lying along the banks of rivers and lakes and the coastal regions. 

As a wide range of wetland types exist, it is difficult to accurately 

predict whether they will continue to function as hydrological 

buffers for extreme events or provide other important ecological, 

social, and economic services. Therefore, only a general 

assessment of the relationships between wetlands and climate 

change can be given. 

As a wide range of wetland types exist, it is difficult to accurately 

predict whether they will continue to function as hydrological 

buffers for extreme events or provide other important ecological, 

social, and economic services. Therefore, only a general 

assessment of the relationships between wetlands and climate 

change can be given.(Bergkamp and Orlando 1999). 

There has been a need to study the co-relation between the climate 

changes and its impact on wetlands. This attempt will help analyse 

the causes of wetland area changes, changes in temperature and 

rainfall over years and their co-relation. The findings of this study 

suggest that there exist a weak relation between rainfall, 

temperature and the areal extent of the wetlands. 

2. METHODOLOGY 

2.1 Wetland Mapping 

Wetland mapping has been done for 2 sets of satellite image 

duration, one for 1992 and the other for 2006-2007 datasets. The 

1992 data set was Landsat imagery, has been classified and the 

wetlands have been extracted using Isodata classification along 

with human interpretations. The third (ancillary) data has been 

provided by Space Application Centre, Nagpur based on the 

previous wetland mapping conducted by them during the year 1992 

at a scale of 1992. That data set is also considered for reference. 

2.2 Wetland Mapping Methodology by digitization 

Inventory of wetlands on 1:50,000 scale involves analysis of 

Resourcesat LISS III (post and pre-monsoon) data of 2006/07 or 

2005/06. All the existing maps prepared under Nation-wide 
Wetland Mapping Project has been used as reference while doing 

interpretation. Base maps on 1:50,000 scale was procured/prepared 

for all the sates for which mapping on 1:250,000 scale was done in 

the first scientific inventory of wetlands in the country. 

Salient features of overall methodology adopted are as under: 

 Generation of spatial framework in GIS environment on 
the basis SOI graticule for database creation and 
organization. 

 Digital base map procurement/preparation 

 Procurement/generation of base layers (rail, road 
network, settlements (including names), drainage, 
administrative boundaries). 

 Geo-referencing of satellite data 

 Wetland map preparation from digital satellite data. 

 Creation of a digital database for each layer as per the 
spatial framework. 

 Mosaicing/edge matching of all these maps to create 
seamless database. 

 Design and development of query shell for information 
retrieval. 

 Preparation of map compositions and Outputs on A0 
Paper and A3 size atlases. 

 Area calculation: Area estimates of various wetlands 
have been completed. 

2.3 Flow Chart 

 

2.4 Wetland Mapping by Image Classification 

The 1992 data set was Landsat imagery, has been classified and the 

wetlands have been extracted using Isodata classification along 

with human interpretations. 

3. RESULTS AND DISCUSSIONS 

Precipitation and temperature data was analysed for 1990 to 2008 

and 1990 to 2002 respectively. It can be seen that the precipitation 

has decreased whereas the temperature has increased for these 

years. 
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De Martoons aridity index (De Martonne, 1926) was calculated to 

see the orrelation between precipitation and temperature. It was 

found that the aridity is reducing which indicates that the water 

level is increasing in the area. 

3.1 Rainfall and temperature data 

 
Figure 1. Precipitation for Solapur District from 1990 to 2008 

 
Figure 2. Average Temperature for Solapur District from 1990 

to 2002 
3.2 Aridity 

 
Figure 3. Aridity Calculation 

The areal extent calculated for the April images was done on 

1:50,000 scale. The area was found to be 40,875.44 Ha. There were 

several wetland types viz: Inland Natural: Lakes, Ox-Bow 

Lake/Cut of Meander, High altitude Wetlands, Reverine Wetlands, 

Waterlogged,River / Stream; Inland Manmade: Reservoir, 

Tanks/Ponds, Waterlogged, Salt pans; Coastal Natural: Lagoons, 

Creeks, Sand/Beach, Intertidal Mud Flats, Salt Marsh, Mangroves, 

Coral Reefs; Coastal Manmade: Salt pans, Aquaculture Ponds 

 

Table 1: Wetland area and the data used to generate the areal extent  

The 1992 image shows areal extent of 24,000 Ha at 1:50,000 scale. 

This could be because of the wetland classes that have been 

included in the 2007 study is far more extensive than the classified 

image. Here only the waterbodies such as reservoirs, lakes, tanks 

and rivers have been classified. The 1992 ancillary data was 

obtained from SAC, Nagpur. It shows an areal extent of 2658 Ha. 

This mapping was done at a scale of 1:250,000. The scale is 

another reason for the less area covered by the wetlands. The 

classes used for the mapping is also not known hence the areal 

extent of the ancillary data cannot be commented. 

3.3 Outputs 

 

Figure 4. classified image of Solapur (1992 year) 
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Figure 4. Solapur Wetland map Generated by Digitizing the April 2007 Satellite Images 

CONCLUSION 

The study shows that the wetland area has increased. Based on the 
type of mapping technique that has been used, i.e. the digitization 
of wetland for 2007 and the image classification technique used 
for 1992 dataset. The aridity index calculated shows a lower trend 
which indicates that there is an increase in water in the area which 
the analysis support to a certain extent. It can also be calculated 
that the two techniques will give different areal extent as the image 
classification has certain limitations. It is difficult to classify 
certain wetland types using the classification technique. Whereas 
the digitization technique is time consuming, but is far more 
accurate. 
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ABSTRACT:  
 
The widespread retreat of glaciers can be considered as response to the climate change. Being the largest retreating glacier-ice shelf system 
in East Antarctica, the Amery Ice Shelf-Lambert Glacier system plays an important role in contributing to sea level rise as well as 
surrounding environment and climate. The present study is focused on the investigation of this ice shelf system using mid-month Ku-band 
scatterometer data from January 2000 to July 2009. The corresponding monthly weather data of Davis Station was obtained from the web 
site of Australian Antarctic Division. Average backscatter of all the pixels, within the selected sites, was   generated and Microwave 
Polarization Difference Index (MPDI) was computed. It was observed that backscattering coefficients of H- and V-components increase 
from January 2000 to June 2006. A very prominent dip in the backscatter observed in the month of January is a distinct signature taking 
place due to physical process of large scale melting of ice/snow surface. The increase in February is attributed to the initiation of the 
freezing phenomenon. The comparison with monthly air-temperature data shows significant correlation with MPDI. The correlation of the 
order of 0.99 of annual maximum MPDI with the annual maximum and minimum air-temperatures has been found for the site adjacent to 
the Lambert Glacier. The change in backscatter behavior from year 2006 is evident as decreasing trend is observed after July 2006 in the 
time series data. This could be due to cyclic behavior of the system with half cycle of 6-years; however, it needs further investigations 
 
 

1. INTRODUCTION 

The climate change issue is an important part of the larger 
challenge of sustainable development. The Antarctic ice sheet is 
also playing an important role in the climate system. However a 
little is known about how it changes in response to local and global 
forcing (Bingham and Drinkwater 2000). The widespread retreat of 
glaciers can be considered as a response to the climate change. The 
Glacier-Ice Shelf systems of Greenland and Antarctica play an 
important role in contributing to ice drainage system, which may 
make large contributions to sea level rise as well as surrounding 
environment and climate. A significant retreat has been observed 
for the ice shelves on the Western Antarctica around Antarctic 
Peninsula (Doake and Vaughan, 1996). Recent studies show that 
flow speed has increased for some Antarctic outlet glaciers, 
resulting in increased mass losses from the ice sheet (e.g. Payne et 
al., 2004; Shepherd et al., 2004).  

The Amery Ice Shelf (70˚S, 70˚E) is the third largest embayed 
shelf in Antarctica. The Amery Ice Shelf (AIS) is the largest ice 
shelf within East Antarctica and is nearer to the proposed site 
(69.33º-69.50º S, 75.92º-76.50º E) of the third Indian Antarctic 
station (http://www.ncaor.gov.in). It drains the grounded ice from 
the interior of the Lambert Glacier drainage basin, which covers an 
area of 16% of the East Antarctic ice sheet and is the world’s 
largest glacier by volume. The Lambert Glacier is up to 65km wide 
and 400km long, and drains about 8% of Antarctica’s ice sheet. 
The drainage systems present in the glacier system drain the 
grounded ice from the interior of the glacier to the Amery Ice shelf.  

A significant fraction of the ice flowing from the interior of the 
Antarctic ice sheet is lost by melting under the deeper parts of the 
ice shelves (Jacobs et al., 1992). This melt cools and freshens 
seawater circulating in the sub-ice-shelf cavity that can lead to 
accretion of “marine” ice elsewhere under the cavity (Jenkins and 
Doake, 1991). Net melt water production (Basel melting minus 
freezing) is critical for both mass balance of the ice sheet, and for 
the freshwater flux in to the southern Ocean (Fricker et al., 2001).  

The present study highlights the temporal ice surface variations that 
have taken place on Amery Ice shelf, during the period of 2000 to 
2009 as observed using Ku-band scatterometer data. This study is 
also important in the context of recently launched Ku-band 
scatterometer on board Oceansat-II by India in September 2009. 

2. MATERIALS AND METHODOLOGY 

2.1 Scatterometer Data 

Ku-band scatterometer data from "QuikSCAT" was utilized for the 
study. QuikSCAT is 13.4 GHz active microwave dual-pencil-beam 
conically scanning scatterometer with the outer beam vertically (V) 
polarized and the inner beam horizontally (H) polarized. The study 
months cover the period of January 2000 to July 2009. QuikSCAT 
daily backscatter data (at 0.2 degree resolution) for the day around 
middle of each month were utilized for the analysis. 

2.2 Meteorological Air Temperature Data 

The meteorological Automatic Weather Station (AWS) data were 
obtained from the Australian Antarctic Division website 
(http://data.aad.gov.au/aadc) for the Davis station (Figure 1) nearer 
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to Amery Ice shelf. The geographic coordinates of the station are 
68.5766° S and 77.9674° E.  

2.3 Generation of Time Series Sigma-0 and MPDI Data 

Two regions (Sites) were considered for the analysis (Figure 1). 
The Site-1 covers the outer region of the Shelf, from where 
ice/snow mass flows in to the ocean in the form of melted water, 
snow mass or ice bergs. The Site-2 is interfacing with the Glacier 
system, which feeds the ice shelf. The number of QuikSCAT pixels 
within the Site-1 are 70, where as within Site-2 are 40.  The 
integrated response of these pixels within the site will indicate the 
effect of large scale ice surface phenomena. The time series of Site-
specific Sigma-0 were generated using the average statistic of both 
the sites. 

 

Figure 1. Study Sites of Amery Ice Shelf  (Image Source: 
Australian Antarctic Division website http://data.aad.gov.au) 

The time series of Microwave Polarization Difference Index 
(MPDI) was generated by computing MPDI as the difference of H 
and V components of Sigma-0 normalized by their sum i.e. MPDI= 
(H-V)/(H+V). These temporal variations were compared with the 
meteorological air temperature data of Davis AWS.  

3. RESULTS AND DISCUSSION 

3.1 Backscatter Time Series 

The backscatter (Sigma-0) time series (H- and V-components) for 
both the sites are as shown in figure 2. The distinctive feature 
evident from the figure is the negative dip during the months of 
January. The January month in the Antarctic is the peak of summer 
period having 24 hours’ daylight. The higher summer temperature 
affects the snow/ice surface and increases the surface melting.  

The presence of liquid water in snow (wet snow) increases the 
permittivity of the snow layer (Ulaby et al., 1986). In addition to 
this, presence of liquid water in snow volume causes a dramatic 
increase in the dielectric loss factor of the layer which increases the 
absorption coefficient. This in turn, results in decrease in the 
backscattering coefficient.  

Snow is an inhomogeneous medium consisting of ice particles, air 
and liquid water (if wet). The backscatter of snow pack is as low as 
-19 dB in 2004. This indicates that in 2004, surface water response 

dominates the ice/snow response in the majority of pixels. 
Similarly, the backscatter values higher than -12 dB, generally 
observed during February to November, indicates the response 
from the snow pack and ice in addition to melt water. 

3.2 Variations in Melting/Refreezing Signatures 

It is seen that Sigma-0 during peak melting phase for Site-1 is 
lower then that of Site-2. This indicates presence of a higher 
fraction of melted water layer over Site-1 as compared to Site-2. As 
Site-2 is towards the Glacier system, hence the melted water will 
flow from site-2 to site-1, due to the existence of natural slope from 
glacier to ice-front. Hence, over site-1, surface melting is intensive, 
and the wet snow zone is damp throughout the summer season 
(Tran et al., 2008), which could be attributed to the influence of the 
warm air mass coming from other regions (from ocean in the 
present study). 

As observed in the figure 2, the yearly backscatter profile is 
showing increasing trend as winter progresses. The sudden increase 
of Sigma-0 in February month is attributed to the refrozen melt 
features in the form of buried ice lenses and pipes within the snow 
pack (Long and Drinkwater, 1994). If we exclude peak summer 
Sigma-0 then the average annual cyclic variation (2000-2009) is of 
the order of 0.4 dB, average of both the sites. The cyclic variations 
obtained by Bingham and Drinkwater (2000) using ERS 
scatterometer data for Amery Ice shelf is of the order of 0.5 dB 
during 1992-1997. The difference could be due to the frequency at 
which both the scatterometers have measured the variations viz.  C-
band of ERS and Ku-band of QuikSCAT.  
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Figure 2. Time Series of Ku-band Backscattering Coefficient 
(Sigma-0). HSigma1 Indicates Sigma-0 value of H-Component 
for Site-1 

3.3 Inter-Annual Trends 

As observed in figure 2, backscatter time series is having an 
increasing trend of winter sigma-0 up to 2005 and then decreasing 
up to 2009. The mid-June backscatter plot shows this distinctive 
pattern as observed in figure 3 for site-2 (H-component). The 
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increasing trend having R2 value of the order of 93% and 
decreasing trend having R2 values of the order of 90% is evident 
from the figure. 

The regression summary of H- and V- components with time, for 
both the sites is given in Table 1. It is evident that R2-values are 
higher than 85%, with better fitting statistics for Site-2 as compared 
to Site-1. It is also seen that trend values are higher for Site-1 for all 
the cases.  This could be due to the lower altitude of Site-2 as 
compared to site-1, which is nearer to the ice-front interfacing with 
ocean currents. 
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Figure 3. Inter-Annual Trend of June Month (Mid-Winter) 
Sigma-0 for Site-2 (H-Component) 

Trend R2- Value Trend R2- Value
H (Site-1) 0.72 0.88 -0.61 0.84
H (Site-2) 0.50 0.93 -0.35 0.91
V (Site-1) 0.73 0.92 -0.58 0.85
V (Site-2) 0.47 0.96 -0.33 0.90

Increasing trend (2000-2005) Decreasing trend (2005-2009)Component

 

Table 1: Site-Wise Sigma-0 (H & V) Trends 

The evolution of mid-winter Sigma-0 (H-component) for entire 
Amery Ice shelf is shown in figure 4. The increase in backscatter 
value from 2001 to 2005 and decreasing trend from 2005 to 2009 
in majority of the region is evident.  

The microwave backscatter differs where dielectric constant (ε) 
changes at interfaces between air-ice and adjacent snow pack 
layers with different grain sizes. During the winter period, the the 
ice sheet is covered with the dry snow. The surface roughness of 
the dry snow layer has almost no contribution to the backscattering 
(Ulaby et al., 1986). The backscattering coefficient increases due to 
the greater effect of volume scattering (the magnitude depends on 
the size of ice particles and used frequency). Studies on Antarctic 
snow showed the penetration depths at Ku-band are ranging from 5 
to 12 m depending on the location and snow pack properties 
(Arthern et al., 2001). This volume of snow pack is playing a major 
role in the backscatter during winter period. 

 

Figure 4. Evolution of Mid-Winter Sigma-0 (June) for H-
Component for Amery Ice Shelf 

Hence, mid-winter increasing/decreasing trend could be due to the 
year-to-year increase/decrease in the volume of dry snow pack 
contributing to the scatterometer response. Bingham and 
Drinkwater (2000) have found that these changes in backscatter are 
closely associated with the accumulated snow cover.  Wen et al. 
(2006) have found an overall thickening trend in the Lambert-
Amery Ice shelf basin from 1992 to 2003.  

It is interesting to compare 2000-2009 trends with the 1992-97 
trends obtained by Bingham and Drinkwater (2000). They have 
obtained a strong decreasing trend (r=0.96) for Amery Ice shelf 
region using ERS scatterometer data. The 6-yearly 
increasing/decreasing trend observed in figure 2 could be due to the 
possible climatic fluctuations or due to cyclic behavior with a half 
cycle of 6-years. This needs further investigations to assess the 
effect of surface change on the Oceanic/atmospheric parameters. 

As seen in figure 5, the MPDI value for December 2003 is as low 
as 0.04 (minimum during study period) whereas during the same 
month in 2007 it is of the order of 0.3 (maximum during the study 
period).   The December month is the summer period in the 
Antarctic. The change observed during the transition from winter to 
summer results from the greater sensitivity of H-component 
backscatter to liquid water present in the snow cover than V-
component backscatter from the same (Kunz and Long, 2004). In 
such condition, the reduction in backscatter of H-component is in 
general, larger than that of V-component, which in turn results in 
the reduction of in MPDI value. This could be the reason between 
the MPDI difference observed between 2003 and 2007. 

 

Figure 5. MPDI Time Series for site-1 
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As discussed earlier, for the dry snow volume scattering dominates 
and the contribution from surface is negligible. However, the 
backscattering coefficient of wet snow is highly dependent on the 
snow layer wetness and roughness of the snow cover because 
major contribution of backscatter is caused by the air-snow 
interface (Fung, 1994). In case of wet snow, surface scattering 
dominates the volume scattering. Hence, MPDI is a function of 
surface roughness during the summer melting period. The 
minimum MPDI value is associated with the Sigma-0 value of the 
order of -19 dB, which suggests that January 2004 faced large-
scale surface melting.  

During the winter, the melted surface will re-freeze and snow will 
be accumulated over the surface due to either precipitation or drift 
from higher altitude regions of the Antarctic Glaciers.  Similar 
observations were made by Wismann (2000) over Greenland using 
C-band ERS scatterometer data. He observed that the normalized 
radar cross section of snow decreases with increasing snow wetness 
when the snow starts melting.  

The variations in the backscatter values are also subject to the 
attenuation from the atmosphere. In the Antarctic precipitation 
mainly comes in the form of snow fall that is very low at annual 
scale. Thus due to the presence of low precipitation/humidity the 
attenuation of the Ku-band backscatter, in the data used in the 
present study, is expected to be low. However, weekly composite 
data will further reduce the atmospheric effect by 
selecting/computing the backscatter value having minimum 
attenuation. This can be attempted in future. 

3.4 MPDI-Temperature Relationship 

As winter progresses, the dry snow pack will becomes compact due 
to pressure from the surface. It is interesting to compare the 
October month’s MPDI with the AWS measured air temperatures 
from the near by Davis station (Figure 5).  

 

 

Figure 6. MPDI-Air Temperature Relationships for (a) site-1 
and (b) site-2. Ta is Monthly Averaged Air Temperature. Tmax 
and Tmin Represents Respectively, Monthly Maximum and 
Minimum Air Temperatures 

The October month is the beginning of the southern summer. The 
correlation is found to be better with Tmax for Site-1 (Figure 6a), 
where as it is better with Tmin in the case of Site-2 (Figure 6b).  
The MPDI-Tmax relation is also strong for Site-2 whereas it is not 
the case for MPDI-Tmin case for Site-1. These results indicate that 
for the ice shelf area located closer to inner glacier system, both, 
the minimum and maximum temperatures, are associated with the 
backscatter from the ice surface. However, for the area located 
nearer to the ice front (edge interfacing with water) maximum 
temperature is playing a greater role as compared to minimum 
temperature.  

CONCLUSION 

The study highlighted the significant variations observed over ice 
surface of Amery Ice shelf during recent past from 2000 to 2009. 
The study suggests that the largest surface melting phenomenon on 
Amery ice shelf was observed in January 2004. The maximum 
snow depth during the period is observed during the winter period 
from 2006 to 2007, as observed by the maximum backscattering of 
Ku-band scatterometer signals.  However, summer months of 
2000-01, 2002-03, 2007-08 have faced minimum surface melting 
as compared to other years.  

The mid-winter Microwave Polarization Difference Index (MPDI) 
from 2000 to 2005 show increasing trend and there after decreasing 
trend is evident, which reflects the variation in the effective snow 
depth over ice shelf surface. The MPDI of the October month is 
found to be strongly related with the maximum and minimum air 
temperatures.  

The 6-yearly increasing/decreasing trend observed in the 
backscatter time series needs further investigations to understand 
its contribution to the change in Atmosphere/Ocean parameters. 
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ABSTRACT:  
 
Irrigation development has been conceived as one of the important rural development programme in India where the rainfed agriculture is 
characterised by low productivity, degraded natural resources and widespread poverty. Recognising the importance of irrigation 
development for their perceived ability to promote agriculture and rural development, both Central and State Governments make huge 
investments in irrigation development. As million of rupees are invested, it is essential that the programmes have positive impact. It is in 
this context the Impact Assessment of irrigation development and management assumes importance. In this paper an attempt has been 
made to assess the impact of medium and minor irrigation project of watershed development in Vedganga basin.  This study is based on 
scientific parameter; NDVI and land use/land cover change detections etc. A scientific methodology is developed to monitor assess and 
evaluate the irrigation development programme. The analysis reveals that even though, the large amount has been invested the impact is 
not satisfactory. 
 
 

1. INTRODUCTION 

Irrigation development has been conceived as one of the important 

rural development programme in India where the rainfed 

agriculture is characterised by low productivity, degraded natural 

resources and widespread poverty. Recognising the importance of 

irrigation development for their perceived ability to promote 

agriculture and rural development, both Central and State 

Governments make huge investments for it. As million of rupees 

are invested, it is essential that the programme have positive 

impacts. It is in this context the Impact assessment of irrigation 

development and management assumes importance. Integrated 

impact assessment has been a growing area of study and practice. 

Impact assessment is the process of identifying the future 

consequences of a current or proposed action. It is used to ensure 

that projects, programmes and policies are economically viable, 

socially equitable and environmentally sustainable. As the 

irrigation development approach is an integrated one with the 

involvement and efforts of various departments and considerable 

budget, there is a need for a suitable indicator to assess the progress 

of implementation. As the huge amount has been invested through 

irrigation project, it is necessary to holistically assess and evaluate 

the long-term effects and the impact of the activities through 

reliable methods. Conventional ground based sampling has proved 

costly and time consuming. The repetitive coverage of the satellite 

provides us an excellent opportunity to monitor the land resources 

and evaluate the land cover changes through a comparison of 

images acquired for the same area at different times. Changes like 

increased area under cultivation, conversion of annual cropland to 

horticulture, change in surface 'water bodies, afforestation, soil 

reclamation, etc., could be monitored through satellite remote 

sensing. Comparison of two times classified outputs and 

Normalized Difference Vegetation Index (NDVI) images using 

change detection software was performed to study the land cover 

and vegetation vigour transformation (Singh, 1989; Fung, 1990). 

Over the years, it’s utility to detect and determine the extent and 

nature of changes over a period of time has been successfully 

demonstrated. It is in this context of reducing the cost and time that 

we address the use of satellite remote sensing as a powerful tool for 

monitoring and evaluation with the following objectives. 

1. Assessment of the past irrigation projects implemented in 

the watersheds under study area. 

2. Evaluation of the impact of these irrigation projects on 

land use/ land cover, biomass and irrigation pattern. 

2. MATERIALS 

2.1 Study Area 

The region selected for the present study is Vedganga basin of 
Kolhapur district (Figure 1.)This basin drains entire part of 
Bhudargad, southern part of Kagal and western part of Ajara tahsil 
of Kolhapur district. It is located between 16° 3' to 16°30’ North 
latitudes and 73°48’ to 74°18’ East longitudes occupying an area of   
995.16 sq km. The region has diversified physiography, whose 
western border is demarcated by Western ghats.  
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Figure 1. Location Map of Study Region 

The soil vary from laterite patches in the west to deep medium 

black alluvial of the river tracts in the central part and poor grey 

soil in the east. The monsoon climate dominates the region. 

2.2 Role of Remote Sensing and GIS in Impact Assessment 

It is very much important that the means of assessment should be 

very much specific and unbiased. For that sake the recent 

techniques like remote sensing and GIS have been employed here 

for evaluation of past irrigation project implemented during 1996-

2008 in Vedganga watershed, The study was carried out by using 

IRS 1C, LISS III data of February 25, 1996 (pre-treatment) and 

IRS P6, LISS III data of February 14, 2008 (post-treatment) 

covering the watershed to assess the changes in land use / land 

cover that have changed over a period of 12 years (1996-2008). 

The images were classified into different land use/land cover 

categories using supervised classification by maximum likelihood 

algorithm. They were also classified into different biomass levels 

using Normalized Difference Vegetation Index (NDVI) approach. 

The classified data was transferred to a GIS platform (ERDAS), 

and change detection was done using logical selection. 

2.3 Past Irrigation Projects 

During the period of analysis two medium, five minor projects and 

thirty K.T. wears (Kolhapur type) have been completed (Table 

1)The main objective of all these projects was to enhance lift 

irrigation facilities for 15872 hectors of land for agriculture 

development. The total cost incurred, which comes around 225.27 

Crores.  

Name Year of 
Comple-

tion

Cost (In 
Crores) 

Target 
Area(In 
Hectors)

Patgav 2007 81.46 8100  
Chikotra 2005 113.76 5630  
Hanbarwadi 1998 3.73 367  
Megholi 2008 8.48 510  
Faye 2007 6.61 700  
Kondoshi 2008 8.23 400  
Nishnap 2008 3.00 165  
Total: 225.27  15872  

Table 1. Medium and Minor Irrigation Projects (1996 to 2008) 
Source:  Irrigation Department, Kolhapur, Maharashtra 

3. RESULTS AND DISCUSSION 

3.1 Impact on Land use /Land Cover Change (LULCC)  

This is a general term for the human modification of Earth's 

terrestrial surface. Though humans have been modifying land to 

obtain food and other essentials for thousands of years, current 

rates, extents and intensities of LULCC are far greater than ever in 

history. Monitoring and mediating the negative consequences of 

LULCC while sustaining the production of essential resources has 

therefore become a major priority of researchers and policymakers 

around the world. According to supervised classified images 

(figure 2 and 3), seven classes were identified and the changes in 

land use /land cover is included in Table 2.  

 

Figure 2. Supervised Classified Image IRS 1C (Pre-
Treatment) 
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In Vedganga basin, out of the total geographical area about 45.13% 

was under cultivation (Net sown area and fallow land) which has 

increased up to 57.6% in 2008. This is due to the fact that parts of 

wastelands land were brought into cultivation.  The area under 

fallow land has been decreased by 9.32 percent. This decrease is 

basically confined away from the river basin, which may be 

attributed to the better utilization of ground waters resource. The 

lower reaches of Vedganga basin is having high proportion of 

agricultural land and low proportion of fallow land and the vise 

versa situation can be observed in the upper reaches of south 

western high altitude areas of the basin. The south western part of 

the region which is dominated by western ghat is having dense 

forest and grassland. The area under forest and grassland has 

decreased substantially (12.88 per cent) especially in western 

and southwestern hilly tracks of the basin. Forest and 

grassland cover plays a very vital role in land and water 

conservation. The region has noted decrease by 5.1 per cent in 

forest cover during 1996 to 2008.  This shows that the natural 

resources of this basin are not sustainably managed as the actual 

dense forest which is remaining is about 12.7 percent only. The 

barren land share is about 19.2 per cent. The percent of barren 

land has not shown any substantial change (decrease of 0.92 

percent). Relatively high proportion of this category is 

confined to degraded hilly and plateau areas of Budargadh 

tahsil and lower reaches of Chikotra basin of Kagal tahsil.  
The proportion of waterbody, which includes dam, tank and 

rivers accounts for 0.9 percent. This has shown 0.33 percent 

increase which is good sign of improved water harvesting 

facilities. During the period of investigation, the Vedganga basin 

has observed a substantial LULCC.  

 

 
Figure 3. Supervised Classified Image of IRS P6 (Post-Treatment) 
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Class Name Year 1996 Year 2008 Change 

 Area (Ha) (%) Area (Ha) (%) Area (Ha) (%) 
Grass land 15847.3 16.38 8346.13 8.6 7501.17 - 7.78 
Fallow land 18291.3 18.92 9250.153 9.6 9041.147 - 9.32 
Barren land 19455.4 20.12 18599.52 19.2 855.88 - 0.92 
Forest  17208.1 17.8 12315.1 12.7 4893 -  5.1 
Water bodies 547.702 0.57 854.1 0.9 306.398 0.33 
Agriculture 25346.3 26.21 47331.1 48 21984.8 21.79 
Total 96696.10 100 96696.10 100   

Table 2: Land use/ Land cover Change (1996-2008) 

3.2 Impact on Biomass 

The collection of accurate, timely information of vegetation is 
always important (Groten, 1993).The collection of such 
information is expensive, time consuming and often impossible 
(Eastman and Fulk, 1993). An alternative is the measurement of 
vegetative amount and condition based on an analysis of remote 
sensing spectral measurement. The Normalised Difference 
Vegetation Index (NDVI) gives a measure of the vegetative cover 
on the land surface over wide areas.  Here, by applying this 
technique in conjunction with change detection analysis the impact 
of past irrigation programs on biomass has been assessed.  

3.2.1 NDVI Formula: NDVI = (NIR - VIS)/ (NIR + VIS)       (1) 

Where NIR=Near Infrared VIS= Visible Red  

3.2.2 NDVI Index and Change Detection Analysis: The NDVI 
index for Vedganga basin has been calculated for two consecutive 
images (IRS 1C LISS III and IRS P6 LISS III) for the same season.  
The NDVI values of IRS 1C LISS III (Pre treatment) and IRS P6 
LISS III (post-treatment) image ranges between -1 to 0.76 and -
0.30 to 0.57 respectively. A higher value shows the high vegetation 
areas like forest, which is basically confined to hilly areas of 
Bhudargadh and Kagal tahsil. The western, south western parts of 
Bhudargadh and western part of Kagal tahsil is having thick forest. 
The cultivated fields also show quite high NDVI values as 
compared to fallow lands, which are basically confined along the 
Vedganga river.  Water bodies are having negative index which is 
observed at dam and tank site.   The status and impact of various 
watershed projects in the form NDVI is indicated in Figures 4. 

 

Figure 4. NDVI Index of Vedganga Basin (Post- treatment) 

The accurate detection and efficient analysis of changes between 
time series images are very complicated processes for users rapidly 
to move from massive image to meaningful information to decision 
making, including accurate processing of temporal images, 
synoptic and compared views at varied spatial and temporal scales, 

and searching changes at large coverage (Singh A., 1989). Change 
detection was performed by using ERDAS 9.3 for both period 
satellite data. Negative impact is clearly observed as the dense 
forest has suffered degradation. That is the result of increased 
human intervention through agriculture and other activities. The 
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lower reaches of Vedganga basin is having high proportion of 
agricultural land which shows positive NDVI values. To some 
extent, the facility of irrigation along the river basin has been 
improved as a result the area under cultivation along the river basin 
has increased. The lower value shows non vegetation areas like 
barren land, fallow land, water, settlement etc. At few places, the 
negative index values have disappeared for the category 
waste/degraded land for the year 2008. It is observed through 
Change detection analysis in Figure 5. But still the impact is not 
satisfactory enough. 

 

Figure 5. Highlight Change Map of Vedganga Basin 

3.3 Impact on Irrigation Pattern  

Here, an attempt has been made to examine the changes in the net 

irrigated area (NIA) under different sources of irrigation. This is the 

way to assess the effectiveness of irrigation as huge amount has 

been invested through various irrigation projects.  

The particulars of source of irrigation, net cultivated and NIA has 

been given in Table 3. The NIA in 1995 was 7.61 percent, which 

has increased up to 15.43 percent in 2008. Under the period of 

investigation it has shown an increase of only 7.82 percent.  In the 

study region, lift and well are the popular sources of irrigation, 

which together accounts for 89 percent. The data reveals that both 

in the pre and post treatment periods, lift irrigation forms an 

important source of irrigation in the study region. In fact the 

proportion of NIA under lift irrigation has decreased from 72.83 

percent in 1995 to 62.75 percent in 2008 but the total area irrigated 

by lift irrigation has been increased by 2310 hectors. As regards 

well irrigation has also increased by 3.14 percent over the same 

period (from 24 % to 27.14 %) and NIA also increased by 1296 

hectors. The Share of canal and tank irrigation is negligible as it 

accounts for less than 7 percent in 2008. Here the study reveals that 

the impact has not been up to the desired level like other large-scale 

watershed development project of India (GOI 2002). As the main 

objective was to bring 15872 hectors of command area under 

irrigation but the analysis reveals that only 4316 hectors of land has 

been brought under irrigation. This is not a positive sign of 

Irrigation development.  

Year 1995 Year 2008 Change Source of Irrigation 
Area (Ha) (%) Area (Ha) (%) Area (Ha) (%) 

Canal - - 306 3.70 + 306 + 3.70 
Tank 125 3.16 529 6.39 + 404 + 3.23 
Wells 949 24 2245 27.14 + 1296 + 3.14 
Lift 2879 72.83 5189 62.75 + 2310 - 10.08 
Net Irrigated Area 3953 9.31 8269 14.11 + 4316 + 4.8 
Net Cultivated Area 42458 43.90 58567 60.56 + 16109 + 16.66 

Table 3: Change in Irrigation Pattern 

Source: Yearly Irrigation Report of 1995 and 2008, Irrigation Department, Kolhapur, Maharashtra. 

CONCLUSION 

The satellite images of study region acquired during pre and post 
treatment periods have offered a rich source of information about 
changes in land use /land cover and NDVI index in the watershed 
over a period of 12 years to assess the impact of past irrigation 
development. It is noted from the above analysis that the 
investment is highest in lift irrigation but the returns are not 
satisfactory enough. The impact of irrigation development program 
depends on effectiveness of the technology in the background of 
needs, priorities, cultural practices, and community participation. 
The impact also depends on the political will of the government, 

acceptability of the people and coordination between officials and 
public. The results indicated that the area under agriculture away 
from the river basin has increased substantially as a result of 
improved well irrigation facility. The Irrigation projects 
implemented during the period of analysis were not found 
financially viable. 

ACKNOWLEDGEMENT 

The authors wish to acknowledge the funding support of the UGC 
(New Delhi), which made this work possible. 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

395 

REFERENCES 

Eastman, J. R.and Fulk, M.A., 1993, Time Series Analysis of 
Remotely Sensed Data Using Standardized Principal 
Components Analysis. Proceedings 25th International 
Symposium on Remote Sensing and Global Environmental 
Change, Volume I. April, 4-8, Graz - Austria. I485-I496. 

Fung, T., 1990. An assessment of TM imagery for land cover 
change detection. IEEE Transactions on Geoscience and 
Remote Sensing, 28(4), pp. 681–684.  

GOI 2002. ‘Mid term Appraisal of 9th Plan 1997-02’, New 
Delhi: Planning Commission. 

Groten, S. M. E. 1993., NDVI - crop monitoring and early yield 
assessment of Burkina Faso. International Journal of Remote 
Sensing, 14(8), 1495–1515.  

Singh A., 1989., Digital Change Detection Techniques using 
Remotely Sensed data. Int. Journal of Remote Sensing, 10 (6), 
pp. 989 –1003. 

 

 

 

 

 

 

 

 



 

 

 



Annexure:  
Abstracts



 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

399 

IMPLICATIONS OF GLOBAL CLIMATE CHANGE FOR INDIAN AGRICULTURE 

P.K Aggarwal 

Indian Agricultural Research Institute, New Delhi-110012, India, pkaggarwal.iari@gmail.com 

KEYWORDS: Climate change, Indian agriculture, Impact, Adaptation, Mitigation. 
 
 
ABSTRACT:  
 
Recent IPCC report and several other studies indicate a probability of 10-40% loss in crop production in India and other countries of South 
Asia with increases in temperature by 2080-2100 and decrease in irrigation water. India could lose 4-5 million tons wheat production with 
every rise of 1oC temperature throughout the growing period even after considering carbon fertilization (but no adaptation benefits). The 
losses would be even higher in case irrigation would decrease in future. Losses for other crops are still uncertain but they are expected to be 
smaller, especially for monsoon season crops. These modeling-based estimates are in line with the recent field observations.  
 
Droughts, floods, tropical cyclones, heavy precipitation events, hot extremes, and heat waves are known to negatively impact agricultural 
production, and farmers’ livelihood. The projected increase in these events will result in greater instability in food production and threaten 
livelihood security of farmers. Increased production variability could be perhaps the most significant impact of global impact change on 
India. All agricultural commodities even today are sensitive to such variability.  
 
Early signs of decrease in yields due to changing weather have started becoming visible. Analysis of the historical trends in yields of crops 
in the Indo-Gangetic plains using regional statistics, long-term fertility experiments, other conventional field experiments and crop 
simulation models has shown that rice yields during last three decades are showing a declining trend and this may be partly related to the 
gradual change in weather conditions during last two decades. Apple yields are showing a declining trend in lower hills of Himachal 
Pradesh due to non-fulfilment of chilling requirement essential for proper flowering and fruiting. 
 
Producing enough food for meeting the increasing demand against the background of reducing resources in a changing climate scenario, 
while also minimizing further environmental degradation, is a challenging task. This would require increased adaptation and mitigation 
research, capacity building, changes in policies, regional cooperation, and support of global adaptation and mitigation funds and other 
resources. Simple adaptations such as change in planting dates and crop varieties could help in reducing impacts of climate change to some 
extent. Losses in wheat production can be reduced from 4-5 million tons to 1-2 million tons if a large percentage of farmers could change 
to timely planting. This may, however, not be easy to implement due to constraints associated with wheat planting time in rice-based 
cropping systems. Additional strategies for increasing our adaptive capacity include bridging yield gaps to augment production, 
development of adverse climate tolerant genotypes and land use systems, assisting farmers in coping with current climatic risks through 
providing weather linked value-added advisory services to farmers and crop/weather insurance, and improved land and water use 
management and policies. 
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EXTENDED ABSTRACT:  
 
In India, climate change could represent an additional stress on ecological and socioeconomic systems that are already facing 
tremendous pressures due to rapid urbanization, industrialization and economic development. With its huge and growing population, 
a 7500-km long densely populated and low-lying coastline, and an economy that is closely tied to its natural resource base, is 
considerably vulnerable to the impacts of climate change. 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

400 

Studies conducted in the country have shown that the surface air temperatures in India are going up at the rate of 0.40C per hundred 
years, particularly during the post-monsoon and winter season. Using models, they predict that mean winter temperatures will 
increase by as much as 3.20C in the 2050s and 4.50C by 2080s, due to Greenhouse gases. Summer temperatures will increase by 
2.20C in the 2050s and 3.20C in the 2080s. 
 
Extreme temperatures and heat spells have already become common over Northern India, often causing loss of human life. In 1998 
alone, 650 deaths occurred in Orissa due to heat waves. Climate change has had an effect on the monsoons too. India is heavily 
dependent on the monsoon to meet its agricultural and water needs, and also for protecting and propagating its rich biodiversity. 
The arrival and performance of the monsoon is no insignificant matter in India every year, and is avidly tracked by the national 
department/organization. This is because most of the states in the country are largely dependent on rainfall either for rainfed 
agriculture or for irrigation. Any change in rainfall patterns poses a serious threat to agriculture, and therefore to the country’s 
economy and food security. It is predicted that because of global warming, this already fickle weather system could become even 
more undependable. Semi-arid regions of western India are expected to receive higher than normal rainfall as temperatures soar, 
while central India will experience a decrease of between 10 and 20 per cent in winter rainfall by the 2050s. Agriculture will be 
adversely affected not only by an increase or decrease in the overall amounts of rainfall, but also by shifts in the timing of the 
rainfall. For instance, over the last few years, the Chattisgarh region has received less than its share of pre-monsoon showers in May 
and June. These showers are important to ensure adequate moisture in fields being prepared for rice crops. Agriculture will be worst 
affected in the coastal regions of Gujarat and Maharashtra, where agriculturally fertile areas are vulnerable to inundation and 
salinization.  
 
Increased temperatures will impact agricultural production. Higher temperatures reduce the total duration of a crop cycle by 
inducing early flowering, thus shortening the `grain fill’ period. The shorter the crop cycle, the lower the yield per unit area. In 
Rajasthan, a 2°C rise in temperature was estimated to reduce production of pearl millet by 10-15 per cent. The state of Madhya 
Pradesh, where soybean is grown on 77 per cent of agricultural land, could dubiously benefit from an increase in carbon dioxide in 
the atmosphere. According to some studies, soybean yields could go up by as much as 50 per cent if the concentration of carbon 
dioxide in the atmosphere doubles. However, if this increase in carbon dioxide is accompanied by an increase in temperature, as 
expected, then soybean yields could actually decrease. If the maximum and minimum temperatures go up by 1°C and 1.5°C 
respectively, the gain in yield comes down to 35 per cent. If maximum and minimum temperatures rise by 3°C and 3.5°C 
respectively, then soybean yields will decrease by five per cent compared to 1998. Changes in the soil, pests and weeds brought by 
climate change will also affect agriculture in India. For instance, the amount of moisture in the soil will be affected by changes in 
precipitation, runoff, and evaporation. 
 
Due to rise in temperature the coastal states of Maharashtra, Goa and Gujarat would face a grave risk from sea level rise, which 
could flood land (including agricultural land), and cause damage to coastal infrastructure and other property. Goa will be the worst 
hit, losing a large percentage of its total land area. A one meter rise in sea level will adversely affect 7 per cent of the population in 
Goa, and cause damages to the tune of Rs 8,100 crore. In the state of Maharashtra, over 13 lakh people are at risk. The cost of 
damages for Mumbai, the business capital of India, is estimated to be Rs 2,28,700 crore.  
 
Apart from monsoon rains, India uses perennial rivers, which originate and depend on glacial melt-water in the Hindukush and 
Himalayan ranges. Since the melting season coincides with the summer monsoon season, any intensification of the monsoon is 
likely to contribute to flood disasters in the Himalayan catchment. Rising temperatures will also contribute to the raising of 
snowline, reducing the capacity of this natural reservoir, and increasing the risk of flash floods during the wet season. 
 
Food crop production in tropical and temperate regions is sensitive to changes in climate. Most of the world’s supply of staple food 
crops such as rice and maize is produced in the tropics where climate can vary dramatically from year-to-year. Reliable seasonal 
forecasts of crop yield would be of real benefit to government planners, agri-business and farmers. Further ahead, the impacts of 
climate change also pose a serious threat to food security and need to be much better understood. Therefore, developing models that 
will be able to produce crop forecasts a season ahead is crucial for future food security, especially in very vulnerable regions. Under 
climate change, crops in many regions will be prone to environmental stresses not observed in today’s climate. For example, by the 
end of this century short periods of hot temperatures that are found in some regions in the current climate will be found over a wider 
area. If these occur at flowering time, then the harvest of annual crops, such as groundnut and wheat, can be seriously reduced. As 
well as being influenced by weather and climate, crops and other vegetation can themselves exert an influence on regional and local 
climate. Current impact studies do not consider these feedbacks between crops and climate. We have quantified this response and so 
defined temperature thresholds for wheat and rice crops. With growing population there is increasing trend in food demands of 
wheat and rice ranging from 103.6 to 122.1 million tons for rice and 85.8 to 102.8 million tons for wheat in 2010 to 2020. The 
projected wheat production shows steady trend upto 2020 and thereafter it shows decreasing trend in all wheat growing regions of 
India.  The Northern India shows slight increasing trend upto 2020 and thereafter decreasing trend of wheat production.  Similarly 
eastern and rest of India also show decreasing trend. 
 
Vulnerability to climate change varies across regions, sectors, and social groups. Understanding the regional and local dimensions of 
vulnerability is essential to develop appropriate and targeted adaptation efforts. At the same time, such efforts must recognize that 
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climate change impacts will not be felt in isolation, but in the context of multiple stresses. In particular, the dramatic economic and 
social changes associated with globalization themselves present new risks as well as opportunities. Adaptive capacity for agriculture 
is considered to be an outcome of biophysical, socio-economic, and technological factors. This study deals with regional problems 
under climate change scenario and adaptation at the local, regional, and national scales to improve our understanding of current 
adaptation processes and options in Indian agriculture.  It provides an estimate of current adaptive capacity and processes, and to 
help decrease vulnerability to future impacts of extreme events and integrated water nutrient and other cultural management 
planning for reducing vulnerability to water scarcity and higher water demand in the agricultural sector.  

INFLUENCE OF CHANGE IN WEATHER ON PHENOLOGY AND GRAIN YIELD OF KHARIF SORGHUM  
AT PARBHANI IN MAHARASHTRA 

 
M.G. Jadhav, V.G. Maniyar and G.R. More 
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ABSTARCT: 
 
A field experiment was conducted at Department of Agricultural Meteorology farm to study the crop weather relationship in Kharif 
Sorghum. The variety CSH-9 was used for the experiment and the crop was sown on four different environments. It is observed from the 
seven years data (2002 to 2008) that the crop sown in MW 26 (25th June to 01 July) recorded highest grain yield followed by the crop sown 
in MW 24 (11 to 17th June). The highest yield was recorded due to optimum weather conditions prevailed during the crop growing period. 
The reduction in rainfall, its distribution and relative humidity and increase in temperature and sunshine hours reduces the grain yield of 
Kharif sorghum. The number of days required for attaining maturity reduces with delayed sowing due to increase in maximum 
temperatures and sunshine hours. 

VARIABILITY OF RAINFALL AND CROPPING PATTERN CHANGES OF MAJOR KHARIF CROPS  
IN SEMI ARID TROPICS OF INDIA: A CASE STUDY OF ANANTAPUR AND MAHABUBNAGAR  

DISTRICTS OF ANDHRA PRADESH STATE 

G.G.S.N. Rao*, N.P. Singh1, M.C.S. Bantilan1, N. Manikandan1, T. Satyanarayana, A.V.M. Subba Rao,  
V.U. M. Rao and B.Venkateswarlu 

Central Research Institute for Dryland Agriculture, Saidabad, Hyderabad, India 
1International Crops Research Institute for Semi-Arid Tropics, Patancheru, Hyderabad, India 

*Corresponding author (ggsnrao@crida.ernet.in) 

KEYWORDS: Rainfall, Cropping pattern, Kharif crop, Semi arid tropics. 
 
 
ABSTRACT: 
 

The livelihood of more than sixty percent of the Indian population is from rainfed areas, where rainfall during monsoon season plays a vital 
role by limiting the option of crop diversification. The effect of monsoon rainfall variation on the national food grain production is high, 
with significant reduction in food grain production during deficit monsoon rainfall years. In the future also it would not be possible to 
provide irrigation for more than half of the existing cultivated area (Katyal, 1998). NATCOM report (2007) says that, monsoon rainfall is 
showing increasing trend along west coast, north Andhra Pradesh and northwest India and declining trend over east Madhya Pradesh, 
north-east India and parts of Gujarat and Kerala, however, at all India level no significant trend is observed. During the green revolution 
era, the production potential of irrigated regions, improved rapidly but in rainfed regions the progress was rather slow. For instance, in 
Andhra Pradesh State, Anantapur and Mahabubnagar districts still remain far behind the developed districts in respect of income, 
employment and living conditions (Planning Commission Report, 2004). Narasimha Reddy (2004) reported that the entire Anantapur 
district and 89 per cent of Mahabubnagar district are drought prone and percent-irrigated area to the net sown area is only 15 and 19 
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respectively, in these two districts. Further in the State of Andhra Pradesh, more than 75 percent of canal irrigation is available to Coastal 
Andhra followed by 17 percent in Telangana 7.5 percent in Rayalaseema regions (Planning Commission Report, 2004). This triggered the 
numbers of borewell and dugwell in Telangana and Rayalaseema regions, which in turn resulted in heavy depletion of ground water table. 
On the other hand, the cropping pattern as well as area under major kharif crops had also been changed in favour of water intensive / 
economically remunerative crops and creating problems of irrigation water and further depletion of ground water since last three decades in 
Andhra Pradesh. The most common and striking point is the wide gap in productivity levels of crops between irrigated and rainfed areas. 
Some strategies such as fertilizer and pesticide application, which have enhanced the production level in irrigated areas failed to produce 
the same impact in rainfed areas (Gadgil et. al., 2002). This may be attributed to abysmal level of economic position of the farmers over 
this region. Hence, it is imperative to find out strategies that can attain and sustain high levels of production in the rainfed regions, in the 
context of climatic variability/climate change. The climate change projection reported by Intergovernmental Panal on Climate Change 
(IPCC) depicts only macro level scenarios and there is a need t downscale and analyse them at regional and still further lower to study 
localized impacts on agriculture and allied sectors. Therefore, the present study has been taken up to find out the changes or variability in 
annual and monsoon seasonal rainfall and cropping pattern over Anantapur and Mahabubnagar districts of Andhra Pradesh.  The results of 
38 years of daily rainfall analysis revealed that the annual average rainfall is on the higher side in Mahabubnagar (638 mm) when 
compared to Anantapur (535 mm). Both districts are getting maximum amount of rainfall during southwest monsoon and Anantapur 
district receiving more rainfall in northeast monsoon season than Mahabubnagar district. In the other two seasons i.e. summer and winter 
seasons the rainfall amount is insignificant in these two districts. The maximum negative departure of southwest monsoon rainfall from 
normal was observed in 1994 (-57%) followed by 2002 (-51%) in Anantapur and in the case of Mahabubnagar, the maximum departure 
was noticed during 1994 (-47%) followed by in 2004 (-46%). The Mann-Kendall trend analysis showed no significant trend in Anantapur 
and Mahabubnagar districts for both annual and monsoon rainfall. The meteorological drought analysis during monsoon period revealed 
that the frequency of occurrence of mild drought is stable around three per decade during the last four decades (1971-80, 1981-90, 1991-00 
and 2000-08) in Anantapur district but in Mahabubnagar district it is increased particularly in the last two decades. In the case of change in 
area under major crops during the last three decades, the area under paddy (staple food crop) has shown significant reduction in both the 
districts. The same is also noticed for jowar and millet crops with further steep declining trend. In contrast, the maize area has shown slight 
improvement in Anantapur and giant leap in Mahabubnagar particularly after 2000. Area of major kharif pulse crop redgram is increasing 
constantly in both the districts. There is tremendous increase in area of groundnut in Anantapur district (from 276 thousand hectares in 
1971-80 to 762 thousand hectares in 2000-08) but opposite trend is seen in Mahabubnagar for the same crop. However, castor another 
oilseed crop, area has increased rapidly in Mahabubnagar district (from 81 thousand hectares in 1971-80 to 165 thousand hectares in 2000-
08. Though variability in monsoon season rainfall influences the changes in the cropping pattern mainly but some other factors like 
demand for the particular crop, unavailability/paucity of agricultural laborers, better price and development of irrigation facilities also 
govern the interest of the farmers to go for a particular crop or cropping pattern. Detailed study has been carried out about the impact of the 
rainfall variability and related factors on cropping pattern changes in Anantapur and Mahabubnagar districts in this paper.  

CLIMATE VARIABILITY AND YIELD FLUCTUATIONS OF SOME MAJOR CROPS OF JORHAT (ASSAM) 
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ABSTRACT: 
 

 
Rainfall is considered  to be one of the most important and significant weather parameters is agricultural production. Its variability 
particularly during monsoon season is of great significance especially with reference to the north-eastern region of the country. Rainfall 
variability during the months of monsoon  at Jorhat in the Upper  Brahmaputra Valley Zone (UBVZ) of Assam was, therefore, studied . 
Rainfall data for about 105 years covering the period from 1901 to 2005 was analyzed for this purpose  It is observed that there has been a 
decreasing trend in rainfall during the months of June and August. However, rainfall for the months of July and September were found to 
be relatively more stable. The impact of this variability in rainfall in the area has been reflected in the gradually decline in the yield of most 
of the important crops in the State. Decline in yield is observed to the tune of 15 to 25% in all major crops of the area including rice which 
is being the most predominant crop of Assam. 
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EXTENDED ABSTRACT: 
 
 
Effect of different seasons on the number of animals coming to estrus and pregnancy was studied over a  period of five years among pure 
jaffrabadi buffaloes with a view to establish seasonality if any in the breeding behavior of Jaffrabadi buffaloes. It was found that the estrus 
and the ensuing pregnancy was lowest  during summer and rainy season and highest in autumn followed by winter thus  there existed a 
significant difference with respect to these characters between seasons. The occurrence of estrus and pregnancy in various seasons was 
observed to be negatively correlated with temperature and relative humidity. The best reproductive performance in this breed during 
autumn may be due to lowest relative humidity. 

ECOLOGICAL CONSEQUENCES OF HUMAN IMPACTS IN MAHI RIVER BASIN OF WESTERN INDIA 
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ABSTRACT: 
 
This study aims to reveal the consequences of human impact and climate variability on the tropical dry forests of the Mahi river basin, 
western India, over the past 3000 years. To date there has been little research to assess the impact of climate variability and human impact 
on the vegetation dynamics of this region. There has also been little work to link changes in vegetation cover to documented changes in the 
basin hydrology over the past 100 years – although it is assumed that the two are closely linked. The key objective of this research project 
therefore is to understand the driving mechanisms responsible for the abrupt changes in Mahi river basin as detailed in historical 
documentation. The Mahi river basin is located in western India (22° 11’-24° 35’ N 72° 46’-74° 52’ E). Mahi river arises in the Malwa 
Plateau, Madhya Pradesh near Moripara and flows through the uplands and alluvial plain of Rajasthan and Gujarat provinces before 
draining into the Gulf of Cambay. The plan is to use palaeoecological techniques (pollen, plant macrofossil and diatom records) on 
sedimentary sequences collected from lakes in the Mahi basin in order to reconstruct the vegetation changes and drought index for over the 
last 3000 years. It is also proposed to reconstruct the burning regimes through microfossil and macrofossil charcoal analyses and to 
examine soil erosion using geochemical analysis from the same sedimentary sequences. Historical documentation detailing changes in 
demography, climate and landscape use over the past 100 years in this region will also be collated to compare with the most recent 
palaeoecological records. The results provide a detailed record of vegetation change, changes in aridity, burning regimes and soil erosion in 
the region over the past 3000 years. This research study aims to determine the drivers of change and natural variability in the basin. Such 
information is essential for its current and future management including restoration. 
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EXTENDED ABSTRACT: 
 
Wheat (Triticum aestivum L.) is an important cereal crop not only in the world but also in India under command irrigated area in Indo-
gangatic plains and under controlled irrigated conditions in all the northern states. In Chhattisgarh, which lies in eastern Central India, 
wheat is grown in Mahanadi Reservoir Project, Hasdeo Bango command area and under assured irrigation in rice based cropping system. 
The sowing of wheat in the state is often delayed due to delay in harvesting of late duration rice varieties and thereby field preparation.  
Apart form the delayed sowing the productivity of wheat fluctuates considerably due to shorter winter span and temperature fluctuations. 
Late sown crop faces high temperature during ripening phase which can not be manipulated under field condition. However seeding time 
can be adjusted to fit the existing temperature best suited to different growth stages. The adverse effect of high temperature can also be 
minimized by selecting a suitable variety as the magnitude of yield reduction varies with varieties. Therefore, it is necessary to identify 
suitable thermal stress tolerant varieties of wheat for optimum productivity even under delayed sown conditions which can tolerate higher 
temperatures during reproductive and grain filling stages. In view of this a field experiment was conducted at Research farm, I.G.K.V., 
Raipur to assess the production potential of wheat varieties under different thermal regimes in rice based cropping system. To provide 
different thermal regimes six wheat varieties were sown on four different dates starting from 26th November to 26th December during the 
winter season of 2006-07 in a randomized block design with three replications. All the recommended cultural practices were followed to 
raise the crop.  
 
The results revealed that all the growth, yield contributing parameters and grain as well as straw yield reduced considerably when the 
sowing was delayed beyond 6 December. Sowing of wheat on 26 November produced significantly higher grain yield as compared to 
sowing on 06, 16 and 26 December in decreasing order. This was due to favorable weather condition for optimum growth of early sown 
crop. Among the varieties Sujata and Ratan were found to be inferior then other varieties i.e. Kanchan, GW-273 Lok-1 and Arpa which 
were found identical to each other. Higher temperature during reproductive and grain falling in delayed sowing caused forced maturity of 
the crop and resulted in lower grain weight, less field grains/ ear head and ultimately lower yield. Wheat variety Kanchan produced higher 
yield under 26 November sowing followed by GW-273. Whereas, Lok-1 produced higher yield in 6 and 26 December sowing. Arpa also 
performed better under delayed sown condition. This showed that Lok-1 and Arpa were found to be more stable for delayed sown 
condition in rice based cropping system. The thermal stress by the crop plants is mainly expressed through its duration and plant height. To 
assess the thermal stress, thermal sensitivity index (TSI) and thermal stress status (TSS) have been developed. TSI was taken as the ratio of 
the difference in days taken for maturity to average duration and TSS was taken as the percentage decrease in plant height under different 
thermal environments. The duration of seedling, vegetative, reproductive and maturity phase decreased considerably when the sowing was 
delayed from 26 November to 06, 16 and 26 December. Similarly the growing degree days, photo thermal units and heliothermal units also 
decreased considerably. Different wheat varsities showed differential response in respect of above parameters. The duration of varieties are 
mainly governed by their genetic coefficient at the prevailing weather conations particularly temperature. Hence, wheat crop matured 
earlier under the agro climatic conditions of Chhattisgarh as compared to traditional wheat growing areas, which ultimately resulted into 
lower yield potential. 
 
To have an idea of the effect of changing climate on wheat productivity, crop simulation model, CERES-Wheat has been used to simulate 
the effect of climate change on wheat productivity. The results showed that anthesis, physiological maturity, biomass, grains per ear and 
grain yield were highly sensitive to change in temperature. The biomass and grain yield decreased at varying degree ranging from 7 to 44 
% in case of biomass and from 10 to 48 % in case of grain yield, when the temperature was increased in the range of 1 to 3 oC. When 
temperature was decreased up to 3 oC, the increasing trends in the biomass and grain yield were observed to the tune of 20 to 80% and 19 
to 79%, respectively.       
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EXTENDED ABSTRACT: 
 
The Kazakhstan is the great Eurasian country with the cropland size more then 200 thousands sq. km.  The satellite monitoring of the 
Kazakhstan steppe zone represents the special interest. The steppe lands are traditionally used for the grain production that promoted by the 
favorable soil types: chernozems and dark-chestnut. The agricultural production of a steppe zone of the Kazakhstan is presented by the 
monoculture cultivation of the spring wheat and barley on the great fields (400 hectares) that creates exclusively favorable conditions for 
the satellite data application. 
 
In this research the satellite data during 1985-2008 years were analyzed. The four LANDSAT images were used as a basis (July 1986, 
November 2000, June 2001 and 2007). MODIS-monitoring (2001, 2007) was used for the definition of the field land use types. 
NOAA/AVHRR/NDVI data during 1985-2008 were used for the estimations of a vegetation condition. The instrumental registration of the 
climate change impact is a complex. Variations of the years’ weather conditions are typical for the steppe zones. The droughts are replaced 
by the humidified years that masks the long-term tendency caused by the climate change impact. 
 
The test site is located within the Kostanay province of the Northern Kazakhstan (LANDSAT WRS2 path 160 row 24). On this territory 
there are the hundreds of the lakes, the majority from which salty. The steppe lake state depends on the two key parameters. The first is a 
long-term humidity regime: rainfall, temperature, evaporation. The second is the calendar date of an estimation of a lakes state. The spring 
(freshet) lake size maximum, with water reduction by the end of a season is usually observed. The lake size has been chosen as the 
parameter connected with a long-term humidity regime of site. The lakes state and its changes are easily registered on LANDSAT images. 
It has been made the three comparative estimations: July 1986 against November 2000; July 1986 against June 2001, July 1986 against 
June 2007. All lakes were ranged on 3 classes: increased, stable, decreased. The simple scheme of the analysis should provide the small 
bias in the satellite estimations of the lake system changes.   
 
The typicalness of the weather conditions of 1986, 2000, 2001, 2007 years is the important factor providing a results reliability. 
NOAA/AVHRR/NDVI monitoring in the form of the vegetation indexes - VCI [Kogan] and IVI [Spivak], were used for the analysis of the 
average vegetation conditions in these years. It has been shown; that 1986 entered during droughty years (1985-1988), but on the 
vegetation condition essentially was not allocated. 2000, 2001 and 2007 years have got during rather raised humidifying, also, not being 
allocated with an abnormal vegetation condition among other years of this period. The results have shown that the majority of the lakes in 
site have a modern tendency in the sizes increase. Even at the comparison of a years condition (July 1986) with an autumn level 
(November 2000). There demonstrates the presence of a humidity increase trend as the result of the modern climate change impact.  
 
The cropland masks for 1986, 2001 and 2007 years have been constructed with help of the photointerpretation of LANDSAT-TM (1986) 
and MODIS (2001, 2007) data.  A key attribute of the land use type recognition to MODIS data was the tilling registration and date of its 
carrying out. The spring tilling procedure was an attribute of the annual spring cultures, summer ones does the fallow fields. The grain 
crops in a season of 1986 occupied the area about 10 thousand sq. km (42 % from site territory). The land use has dramatic changes that 
have been caused by the disintegration of Soviet Union (1991). The cropland area in a season of 2001 has made only 36 % from a level of 
1986. In season of 2007 year the some improvement of the agriculture parameters was observed. The cropland area size has increased up to 
45 % from a level of 1986. 
 
The Kazakhstan government declares the purpose of the cropland areas increase in the nearest years for 70 thousands sq. km. In this 
connection the abandoned land ranging for the optimization of their return to a crop rotation becomes the important task. The period of 
2001-2007 years was characterized for the site by the different processes in agricultural land using. Approximately 550 sq. km of arable 
land it has been deduced from a crop rotation, and 1200 sq. km of abandoned land it has been again involved in the use. Such situation 
allows using the changed type lands as the etalons for the search of the parameters for abandoned land ranging.  
 
In site the distance up to the nearest lake has been certain as the key agriculture landscape attribute, allowing ranging the abandoned land 
on a degree of usefulness of the cultivation of the grain crops. The optimum range of the minimal distances up to lake is certain, is lead the 
agriculture landscape rayoning of the abandoned land in site. The additional parameter describing the arable land can be their ability to 
produce a green biomass. The archives of the 10-day's composites of NOAA/AVHRR/NDVI during 2000-2008 and the integrated 
vegetation index (IVI), describing seasonal a green biomass productivity, were used for creation of the corresponding maps for cropland 
and abandoned land of the site territory. Research was conducted with support from NASA LCLUC program (grant NNG06GF54G). 
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EXTENDED ABSTRACT: 
 
Primary biodiversity records accessible through the Global Biodiversity Information Facility (GBIF) portal can be coupled with modeling 
and earth observation to assist in decision-making to conserve wild genetic resources.  This is critical to maintaining food security in the 
face of significant threats to genetic diversity from climate change. 
 
Wild relatives of modern and traditional crops have proved to be a useful source of genes for crop breeding for developing resistance to a 
range of biotic and abiotic stresses. The wild relatives harbor an abundant supply of useful genes, and thanks to molecular biology, demand 
for wild relatives in crop improvement programmes is on the increase as it becomes easier to introduce useful traits without also 
introducing a number of undesired traits that wild relatives also tend to contain.  A significant proportion of these invaluable genetic 
resources have already been lost due to anthropogenic activities such as expansion of agricultural systems, overgrazing, burning, oil and 
gas exploitation, infrastructural development, and urban development, and these pressures are increasing.  
 
The IPCC Fourth Assessment Report states that changes in climate will turn currently suitable environments into stressful environments for 
a number of species, from which the most endangered are those that survive in the wild. Global temperatures are predicted to increase 
between 2-6ºC within the next 100 years, while precipitation patterns (in terms of intensity, and temporal and spatial distribution) will 
variously shift towards extremes of wetting and drying depending on the region.  This will have profound effects on agriculture, creating 
new challenges for society, but also on biodiversity of which crop wild relatives are one important component.  It is therefore paramount 
that as climates change we develop long term conservation strategies that can conserve crop wild relatives through both in situ (protected 
areas, on farm) and ex situ (seed storage in genebanks) mechanisms. 
 
We present analyses on the impacts of climate change on 17 wild genepools from 16 of the most agriculturally important crops worldwide: 
cassava, groundnut, potato, rice, chickpea, common bean, barley, cowpea, wheat, maize, sorghum, pearl millet, finger millet, pigeon pea, 
faba bean, and lentil. We analyzed 28,751 herbarium and genebank species occurrences accessible through the Global Biodiversity 
Information Facility (GBIF) for 643 wild taxa belonging to the 17 genepools.  We used a maximum entropy climate envelope model to 
create distribution maps for each species under current climates using the WorldClim database. We then projected the likely shift in 
geographic distribution using 18 statistically downscaled Global Climate Models (GCM) from the fourth and third IPCC assessment 
reports, under the emission scenario A2 (business as usual). We modeled the geographic shifts under three different migration scenarios 
(unlimited dispersal, no dispersal, limited dispersal).  We describe the impacts of climate change by identifying the hotspots at the 
continental level in terms of the percent of area losing species diversity, and determine the most threatened genera and species.  The results 
are used to indicate areas that should be prioritized for either ex situ and in situ conservation or both. 
 
The greatest current species diversity was found within Sub-Saharan Africa, Asia, Latin America and Australia, with the Caribbean being 
the least diverse (in terms of the taxa under analysis). The suitable geographical area for all species will change significantly. Assuming 
unlimited dispersal, globally, 53% of the areas were found to be losing at least one suitable species, with Sub-Saharan Africa being the 
most negatively impacted (reaching losses of 15 species in some areas) and North America being the least negatively impacted area (with a 
maximum loss of 6 species). The overall change of species diversity (richness) ranges between –21 and 14 wild species, with significant 
losses in Sub-Saharan Africa, northern Australia, the Mediterranean basin, eastern Turkey, and some parts of Mexico, which we consider 
are key areas for further conservation of plant genetic resources.  
 
A concerted conservation effort is needed to address the possible extinction risks that may come from climate change, particularly in wild 
species and especially for those taxa more likely to provide novel adaptations to biotic and abiotic stresses or those that are not adequately 
represented in genebanks.  Ex situ conservation efforts should start in those areas that currently hold a considerable amount of diversity, 
and in which changes in species diversity will be of high significance. Evaluations of the status of ex situ collections and in situ 
conservation (gap analyses) of wild relatives of important food crops and vulnerable wild genepools are also needed to assess priority 
species and areas to be conserved either ex situ or in situ. 
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IMPACT OF CLIMATIC VARIABILITY ON HIGH-PRODUCTIVITY WHEAT REGIONS OF PUNJAB 
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EXTENDED ABSTRACT: 
 
Recent evidence clearly show significant changes in inter and Intra-seasonal climatic variability in the Indo-Gangetic plains of South Asia. 
The occurrences of extreme climatic events, such as gradual rise in minimum temperature during specific growth period of rice and wheat 
have shown increase in the last couple of decades. The increased variability in winter rainfall fluctuates the winter crops productivity in 
north-western parts of India. Continuous or abrupt change in minimum temperature along with increased variability in rainfall during 
winter is one of the causes of stagnation/or decline of wheat yields in Doab region of Punjab (Wheat bowl of India). We have collected 
block wise yield data of wheat, soil & water parameters of last 20 years to observe the spatial-temporal change in productivity and its 
relationship with determining factors. The Punjab state was divided into seven productivity zones ranging from 1000 to 6500kg/ha (low to 
high). Kriging interpolation method along with different geo-statistical analyses were performed to achieve spatial pattern of change in soil, 
water and productivity levels. Initial results of study indicate that climatic fluctuations have high negative correlation with high 
productivity zones (Doab region). Productivity of wheat is declining mainly in high-productivity zones (parts of Ludhiana, Patiala, 
Amritsar, Jalandhar and Kapurthala, Fatehgarh Sahib and Sangrur districts). However, khandi regions (terai & foot hills of lower 
Himalayan range) are having increasing trend in wheat productivity due to favorable change in temperature, technological interventions, 
and development of irrigation facilities. Overall, the yield gap among different regions of Punjab is bridging due to increase in productivity 
in low and medium productivity zones. 

IMPACT OF CLIMATE CHANGE ON SOIL DEGRADATION PROCESSES 

S.K. Saha* and Suresh Kumar 
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EXTENDED ABSTRACT: 
 
Climate change may cause direct effects such as change in abiotic soil factors such as available moisture, soil nutrients, temperature and 
soil biotic factor such as microorganism responsible for decomposition activity and nutrient cycling. Climate change may likely will alter 
the micro-climate and may have impact on soil flora and fauna their growth, population, interaction with other species and further their 
ecological function. Climate parameters such as rainfall and temperature are mainly responsible to change in soil processes at different 
scale. Climate change may affect key soil processes such as respiration, mineralization and thus the key ecosystem functions such as 
corbon storage and nutrient cycling. Soil temperature and moisture will largely influence fauna activities responsible for decomposition and 
nutrient cycling in the soil. The soil microbial community is involved in numerous ecosystem functions such as nutrient cycling and OM 
decomposition and plays an important role in the terrestrial C-cycle. 
 
Sustainability of soil, soil quality and climate change are closely linked phenomenon and are key global issue. Climate change may result 
significant consequences on soil degradation processes . Land degradation is one of the important problems related to sustainability of 
natural resources. Degraded soils loss their capacity to produce crops due to processes such as soil erosion, nutrient runoff, leaching losses, 
acidification, desertification, salinization, organic matter reduction and accumulation of toxic substances.  
 
Soil erosion: Soil and water resources are managed at watershed scale for sustainable crop production. Watersheds severely degraded due 
to soil erosion are expected to most affect by climate change. The relationship of climate to erosion will depend on the effect of climate at 
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different scales. Rill erosion is directly related to the amount of precipitation. The severity, frequency and extent are likely to be influenced 
by change in amount and intensity due to climate change. Soil erosion may results in loss of organic matter and reduction in water holding 
capacity which may tends to increase the magnitude of nutrients and water stress. Water holding capacity of soil is most affected due to 
degradation and affects soil moisture availability to plant growth. Alteration in timing and distribution of rainfall pattern and its intensity 
due to climate change may significantly affect watershed response for sustainable agriculture. In drought prone and low fertile soils, its 
effect will be aggravated due to erosion. Soil erosion and degradation are likely to aggravate the detrimental affects of rise in air 
temperature on crop yield. Climate change may increase erosion in some regions, through heavy rainfall and increased wind speed. Wind 
erosion may increase sharply due to reduction of organic matter as result of increased oxidation as of rise in temperature. It will lead to loss 
of soil productivity through removal of nutrients rich surface soil. 
 
SOM degradation: Soil Carbon sequestration plays an important role in mitigating climate change impact. SOC stock is major sink of 
carbon and plays major role in C-cycle. SOM status in soil govern soil fertility, nutrient availability, water holding capacity, physical 
conditions, soil structure, soil tilth etc. SOC sequestration governed by soil texture, soil moisture, temperature and soil nutrient availability. 
Predicted increased air and soil temperature can be expected to increase the mineralization rate of soil organic matter. It may lead in the 
long term of negative effects on structural stability, water holding capacity and nutrients availability. Climate change is likely to affect 
SOM dynamics and susceptibility to erosion. Dry land soil predicted to severely deteriorate its quality. High temperature and low 
precipitation in the dry lands lead to poor organic matter production and high oxidation. Climate change will aggravate the problem of soil 
erosion in most part of the world. Climate change will results or necessitates change land use and agricultural management practices that 
may likely will increase severity of soil erosion. Soil erosion will impact on SOM sequestration and nutrient cycling will affect plant 
growth and soil potentiality.  
 
Salinization:  Land degradation problems such as water logging, salinity and sodicity development, are emerging due to rapid land use 
pattern and land cover changes. In coastal area, coastal aquifers are important source of fresh water.  Due to excessive use of fresh water for 
agriculture and horticultural purposes may result fall in fresh water table below sea level, therefore, water from sea will flow and replace 
fresh water volume. De to rise in temperature, evaporative demand for water will increased and matter will be worse and salinity area may 
increase. There may also be salinity intrusion due to rise in sea water level due to increase in temperature. Climate change will significantly 
alter ground water recharge rates of major aquifers in function of the reduction of ground water recharge and result in a reduction of fresh 
ground water resources. The effect of rise in temperature in salt affected area will increase the severity of salinity on plant growth. Due to 
high temperature, evaporative demand od of plant will increased and will tend to increase transpirational volume flow which will tend to 
salt damage to plants. 
 
Soil Moisture: Changes in rainfall due to a climate change may affect surface moisture availability, which becomes for germination and 
crop stand establishment in the rainfed areas. Modifications in the surface and ground water availabilities with the rainfall change seen 
difficult to notice when the land use and land cover is so rapidly changing. Soil processes, relating to moisture availability in relation to 
climate change have not been studied in depth as for instance, modifications of soil structure and associated moisture retention, release and 
transmission characterisics 
 
Desertification: Desertification results from various factors, including climatic variations and human activities which lead to the 
diminution or destruction of the biological potential of land which can ultimately lead to desert like conditions. It reduces the biological or 
economic productivity resulting from land uses or a process of combination of processes of soil degradation resulting in determination of 
the physical, chemical and biological properties of the soil or long term loss of natural vegetation. Climate change might exacerbate 
desertification through alteration of spatial and temporal patterns in temperature, rainfall, solar radiation and winds. Several climate models 
have predicted that rise in temperature will reduce soil moisture and negatively affect vegetation growth. High temperature and low rainfall 
in the drylands lead to poor organic matter production and rapid oxidation. Low organic matter will lead to poor aggregation and low 
aggregate stability leading to a high potential for wind and water erosion.  It may cause in increase in area under desert land.   
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EXTENDED ABSTRACT: 
 
North West India is part of the food bowl of the country contributing to its food security and rice-wheat cropping system, among others, is 
the major production system followed. Besides ecological, technological and socio-economic drivers, climate change/variability has 
become an important determinant of crop yields in this region. In this study, an attempt has been made to (a) quantify the recent climatic 
trends and climate variability in North West India, (b) develop sensitivity models of crop yield to climatic elements and (c) using these 
models for impact assessment of future climate change. The homogenous monthly rainfall and maximum (Tmax) and minimum (Tmin) 
temperatures for past 40 years were used to determine climatic trends/variability. Using regression techniques, linear trends were fitted to 
the time series of weather variables at monthly, seasonal (Kharif & Rabi) and annual time scales. The slope of the trend gave the annual 
rate and direction of change. For trend in climate variability, changes in maximum and minimum values and coefficient of variation (CV) 
for each five-year period were computed. Using district level historical rice yield and monthly rainfall, Tmax and Tmin for five stations, 
multiple linear regression models of yield sensitivity to climatic variables were developed after segregating the effect of technology These 
models were used with future climatic anomalies as per six IPCC SRES Scenarios for 2020, 2050 and 2080 generated by Hadley Centre 
global climate model HadCM3. The required climatic anomalies forecast were input into the crop sensitivity model for each station and the 
impact on yield was calculated in terms of change in crop yield from technological determined yield level. Both Tmax and Tmin showed 
increasing trends at annual, kharif and rabi time scales with different rates. The rate of increase is significantly higher during kharif than 
during rabi for Tmax and vice-versa for Tmin. The variability of Tmax, in terms of CV, increased for both kharif and rabi seasons, whereas 
variability of Tmin increased for kharif and decreased for rabi season. At annual and seasonal scales, rainfall did not show any significant 
trend but at monthly scales during monsoon, it showed significant increasing trend during June, no change during July, and a significant 
decreasing trend during August and September. The results of the climate change impact assessment showed that in general rice and maize 
yields will be adversely affected in future in this region. The range of rice yield reduction from technological determined level may range 
from 7% in 2020 to 25% in 2080. No significant impact was found on wheat yields in this region. 

CLIMATE CHANGE IMPACT ON AGRICULTURE PRODUCTION IN INDO-GANGETIC PLAIN OF INDIA 
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EXTENDED ABSTRACT: 
 
With the growing recognition of the possibility of climate change and clear evidence of observed changes in climate especially disasters 
such as drought, flood, heat and cold wave during 20th century, an increasing emphasis on food security and its regional impacts has come 
to forefront of the scientific community. In recent times, the crop simulation models have been used extensively to study the impact of 
climate change on agricultural production and food security. The results obtained by the models can be used to make appropriate 
management decisions and to provide farmers and others with alternative options for their farming system. In the present study validated 
CERES and CANEGRO simulation model has been used to simulate the impact of climate change on rice, wheat and sugarcane crop in 
Indo-gangetic plains of India. The projected A2 scenario from RegCM3 climate model for the Indo gangetic plains have been used in the 
present study. The result obtained on the adaptation options for reducing the negative impacts of climate change indicates that the delaying 
of sowing dates and development of new varieties would be favorable for increased yields.  
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ABSTRACT: 
 
The study investigated the trends and variability of rainfall, maximum and minimum temperatures over India right from 1871 to 2006 in 
case of rainfall and 1901 to 2003 for the later two elements. Using the concept of Higgins and Kassam (1981), the crop growing periods are 
obtained over India and are compared to understand the climate change mechanism involved during the recent decades and  globally 
teleconnected years as well. The study revealed the decline in the humid days during the prevalence of El Nino where as a substantial 
increase during La Nina. The final part of the paper involves in relating the rainfall, maximum temperature, minimum temperature 
variations to the interannual variability of rice yields which could be the manifestation of altering crop growing periods over India. 

IMPACT OF RAISING TEMPERATURES ON YIELDS OF DRYLAND GROUNDNUT  
IN SOUTHERN AGROCLIMATIC ZONE OF ANDHRA PRADESH 
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ABSTRACT: 
 
India is divided into different agroecological zones which induce varied stability in crop productivity due to climatic change. In India 60% 
of agricultural areas are under drylands. There is considerable uncertainty associated with productivity of dry lands due to present climatic 
change. Any observed or predicted temperature changes fundamentally concerned in concurrent changes in other variables such as rainfall, 
humidity, wind ect., there by influencing the crop growth. To asses the impact of raising temperatures on evapotranspiration and water 
requirement of kharif groundnut crop a study was conducted in dryland alfisols of Southern Agroclimatic Zone of Andhra Pradesh. In this 
study, the rise in evapotranspiration was computed by modified Penman empirical method with the predicted temperatures of 1, 2, 3 and 4o 
C raise above the normal temperatures and same was utilized in estimating water requirement of kharif groundnut crop. The research 
results showed that each degree of enhancement of temperature over and above the normal temperature enhances the evapotranspiration 
loss by 1-2 mm/day, cumulatively hiking the water requirement of the crop by 20-25 % with 8-12 % yield reduction. 
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EXTENDED ABSTRACT: 
 
Climate change poses serious threats to productivity and sustainability of the rice-wheat cropping system, the backbone of food 
security of south Asia. Conservation agriculture involving continuous minimum mechanical soil disturbance, permanent organic soil 
cover and diversified crop rotations provides opportunities for mitigating greenhouse gas emission and climate change adaptation. 
Recent research efforts have attempted to develop resource conserving technologies (RCTs), which are more resource efficient, use 
less inputs, improve production and income, and reduce greenhouse gas (GHG) emission compared to the conventional practices. 
Resource conserving practices like zero-tillage (ZT) can allow rice–wheat farmers to sow wheat sooner after rice harvest, so the 
crop heads and fills the grain before the onset of pre-monsoon hot weather. As average temperatures in the region rise, early sowing 
will become even more important for wheat. Field results showed that the RCTs are increasingly being adopted by farmers in the 
rice-wheat belt of the IGP because of several advantages of labour saving, water saving, and early planting of wheat. The RCTs in 
rice-wheat system has pronounced effects on mitigation of GHG emission and adaptation to climate change. It has been showed that 
global warming potential (GWP) varied between 2290 kg CO2 eq. ha-1 in direct drill-seeded rice and wheat on beds and 3680 kg CO2 
eq. ha-1 in conventional puddled transplanted rice and tilled wheat. Compared to the conventional practice all the RCTs reduced the 
GWP by 13 to 38%. Yields of rice and wheat in heat and water-stressed environments can also be raised significantly by adopting 
RCTs, which minimize unfavorable environmental impacts, especially in small and medium-scale farms. Specific impacts of various 
RCTs on GHG mitigation and climate change adaptation are briefly discussed below.  
 
Zero tillage: Conventional land preparation practices for wheat after rice involve as many as 10-12 tractor passes. This enhances 
emission of carbon dioxide from soil. In zero tillage combined with residue retention on surface, C is sequestered in soil. Changing 
to a zero-till system on one hectare of land would save 98 L of diesel and approximately 1 million L of irrigation water; this 
represents about a quarter ton less emission of carbon dioxide, the principal contributor to global warming. However, impact of zero 
tillage on methane and N2O emissions have showed contrasting results with lower, equal and higher compared to the conventional 
systems depending upon the soil type and water management. Zero-tillage allows rice-wheat farmers to sow wheat sooner after rice 
harvest, so the crop heads and fills the grain before the onset of pre-monsoon hot weather. As average temperatures in the region rise 
because of climate change, early sowing will become even more important for wheat. 
 
Laser-aided land leveling: Laser leveling of uneven field reduces water use allowing crop to grow in water-limited condition. It also 
reduces fuel consumption because of efficient use of tractor and reduces GHG emission, particularly carbon dioxide. Besides, 
several other benefits such as operational efficiency, weed control efficiency, water use efficiency, nutrient use efficiency, crop 
productivity and economic returns and environmental benefits are also has been reported due to laser-aided land leveling compared 
to conventional practice of land leveling. 
 
Direct drill seeding of rice: Direct drill seeding of rice (DSR) could be a potential option for reducing methane emission. Methane 
is emitted from soil when it is continuously submerged such as in case of conventional puddled transplanted rice. However, DSR 
crop does not require continuous soil submergence, thereby either reducing or totally eliminating methane emission when it is grown 
as an aerobic crop. Moreover, deeper root growth of DSR crop provides better tolerance to water and heat stress. Besides, the 
unpuddled soil in DSR does not crack with moisture stress whereas the puddled soil develops cracks, which reduces yield 
significantly even after providing irrigation. 
 
Crop diversification: Diversification i.e., growing a range of crops suited to different sowing and harvesting times, assists in 
achieving sustainable productivity by allowing farmers to employ biological cycles to minimize inputs, maximize yields, conserve 
the resource base, reduce risk due to both environmental and economic factors. The RCTs such as bed planting and zero tillage 
expand the windows of crop diversification. The farmers of the rice-wheat belt have taken the initiative to diversify their agriculture 
by including short duration crops such as potato, soybean, urd, mungbean, cowpea, pea, mustard, and maize into different 
combinations. Such diversification would not only improve income, employment and soil health but also reduce water use and GHG 
emission and more adaptability to heat and water stress.  
 



ISPRS Archives XXXVIII-8/W3 Workshop Proceedings: Impact of Climate Change on Agriculture 

412 

Raised bed planting: In raised bed planting a part of soil surface always remains unsubmerged and aerobic. Thus it not only reduces 
water use and improves drainage but also reduces methane emission. Crops on beds with residue retained on surface is less prone to 
lodging and more tolerant to water stress, thereby making it more adaptable to unfavourable climate. 
 
Leaf colour chart: The most efficient management practice to maximize plant N uptake and minimize N losses is to synchronize 
supply with plant demand. The strategy to achieve this objective is site-specific nutrient management that includes site-specific 
quantitative knowledge of crop nutrient requirements, indigenous nutrient supply, and recovery efficiency of applied fertilizer N. A 
practical way of site-specific N management is leaf colour chart (LCC)-based N application. It provides a simple, quick and 
nondestructive method of N fertilizer application.  
 
Some of the RCTs are being adopted by the farmers of the Indo-Gangetic Plains (IGP) on large scale, which would help farmers in 
combating climate change to a considerable extent. However, there are uncertainties in assessing the impacts of RCTs on GHG 
mitigation and climate change adaptation under different agro-climatic and management conditions. These uncertainties need to be 
reduced by developing mechanistic simulation models using exhaustive data on soil, climate and crop management. 

MITIGATING METHANE EMISSION IN RICE WITH RESOURCE CONSERVING TECHNOLOGIES  
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ABSTRACT: 
 
Rice-wheat system is the main source of food and income for millions of people in south Asia. But evidence is now appearing that 
productivity of the system is plateauing because of a depleted natural resource base. Recent research efforts have attempted to develop 
resource conserving technologies (RCTs), which are more efficient, and use fewer inputs compared to the conventional practices. 
However, not much information is available to quantitatively evaluate the RCTs in terms of greenhouse gas (GHG) emissions. A field 
study was conducted during summer 2006 at Tilda Riceland in Samana Bahu village of Karnal to evaluate the effect of different RCTs 
(tillage and crop establishment methods) on methane emission from rice (var. Pusa Basmati-1) fields. Treatments consisted of reduced till 
direct seeded rice with sesbania (RT-DSR+S) and without sesbania (RT-DSR-S), conventional puddled transplanted rice (CT-TPR) and 
un-puddled transplanted rice (RT-TPR). Gas samples were collected using the closed chamber technique and methane concentration was 
measured using a gas chromatograph equipped with a flame ionization detector. Higher rate of methane emission was observed in CT-TPR 
followed by RT-TPR, RT-DSR-S and RT-DSR+S. The RT-DSR-S and RT-DSR+S were similar in term of methane emission. Methane 
emission mitigation, compared to conventional practices (CT-TPR), ranged from 18% in RT-TPR to 85% in RT-DSR+S. Lower methane 
emission in DSR was due to alternate wetting and drying of fields whereas in CT-TPR the field was continuously submerged for the entire 
period of rice growth. The direct-seeded rice treatment (DSR) used 55% less irrigation water with 22% reduction in grain yield compared 
to CT-TPR. Irrigation water productivity was 42% less in TPR as compared to DSR. Furthermore, DSR with Sesbania brown manuring 
(RT-DSR+S) showed higher water productivity than RT-DSR-S. The study showed that DSR has good potential for methane mitigation 
and water conservation; however, efforts need to be made for improving its yield. 
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EXTENDED ABSTRACT: 
 
Rice and wheat, the major cereal crops of the Indo-Gangetic plain (IGP) of South Asia, grown in rotation in 13.5 million hectares 
are the principal source of food, nutrition and livelihood security for several hundred millions of people in the region. The yields of 
these two cereal crops have shown either declining or stagnating trends. The total factor productivity is declining because of (a) 
extreme events (b) climate change and its variability, (c) nutrient mining and water depletion, and (d) soil degradation. Inter-and 
intra-seasonal climatic variability and occurrences of extreme climatic events, such as drought, floods, have increased more recently. 
The annual mean warming by 2020 is projected to be between 1.0 and 1.4°C, and may rise to 3-4°C towards the end of 21st century. 
Temperature in the IGP is touching the critical limits observed for major food grain crops (rice and wheat) and further increase in 
temperature will adversely affect the yields of rice and wheat.  
 
Monitoring the long term effect of climate change can be accessed by identifying the associated factors and their change over the 
period. Long term experiments (LTE) provide unique opportunity to study the changes in the grain yield in conjunction with 
changes in soil (OC, P, K and micro nutrient) and climatic parameters. We are analyzing rice-wheat LTE (varying from 25 to 30 
years) data collected from 30 locations from the Indo-Gangetic plains of India, Bangladesh and Nepal to assess effect of climatic 
variability on historical yield trends of rice and wheat.  
 
Long term (35-50 years) district average yields of rice and wheat are collected from IGP for obtaining the yield trends. Downscale 
futuristic climatic scenarios will be generated using the PRECIS model to identify the vulnerable regions. Tropopheric NO2, 
hypersepctral and multi-spectral remote sensing data will be used to estimate crucial climatic parameters to bridge the gap of data 
availability e.g concentration of troposphere gases (eg.CO2 / NO2) and land use/land cover etc. The study is utilizing the Earth 
observation, GIS techniques and simulation models to integrate bio-physical and socio-economic parameters and thereby providing 
the site specific solutions to vulnerable regions in terms of climate change. 
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ABSTRACT: 
 
The potential of cropland to sequester carbon and mitigate the green house effect have not been recognized by the policy markers yet.  
Though considerable scientific information has been collated about the potential of agricultural lands to sequester carbon, the available 
information has not been synthesized in a form that land managers readily can use to mitigate CO2 emissions. In this paper we briefly bring 
out the significance of remote sensing technique in assessing the carbon dynamics in croplands of Nandod taluka.  This technique cannot 
directly monitor soil carbon dynamics but it helps in  providing information on  a number of crucial inputs like biomass, LAI, PAR, etc. 
Spectral vegetation indices such as the normalized difference vegetation index (NDVI) have been shown to be useful for indirectly 
obtaining information on such parameters. Simple linear relationships developed between NDVI versus two such parameters viz., Biomass 
and LAI have shown a high associations varied from 0.6 to 0.9 for the different sites studied in the study area. These parameters contribute 
to the active soil organic matter of the cropland and have therefore aided in understanding the carbon dynamics of agriculture lands. 
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EXTENDED ABSTRACT: 
 
Weather forms an important determinant in crop production, especially in agricultural economies which are more dependent on natural 
systems. Agro meteorological Advisory Service (AAS) based on weather forecasting is a viable risk management strategy to minimize the 
shocks due to adverse weather conditions. This paper tries to make estimates of economic impact of extreme weather events in two major 
crops of Kerala, which are important to the marginal and small farming community viz. coconut and banana. The estimate is made 
following the method suggested by Fernando et al 2007. Further we attempt to assess the impact of AAS on farm output and income 
through the analysis of economic efficiency in resource use (Cobb-Douglas Model). The personal and household factors that influence the 
decision making on the adoption of management practices as per AAS are also identified by adopting statistical analysis(tobit model).The 
data for the paper is drawn from the project Economic Impact Assessment of Agrometeorological Advisory service on Different Crops.The 
farmers who followed the advisory services could sizably reduce the risk of economic loss due to extreme weather events, and their 
average additional gains in output were higher by 11-12 % in these crops. The analysis shows significantly better economic efficiency in 
the farms that follow AAS compared to those who do not. However, the analysis suggests a reallocation of resources for realizing better 
farm efficiency. The results suggest the prospects of including economic criteria in developing management plans in AAS for improving 
the allocative efficiency of resources. It also helps in streamlining extension strategies for effective transfer of information. 

AN APPROACH TO IDENTIFY FAVORABLE PHENOLOGICAL ZONES IN VELLORE DISTRICT,  
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ABSTRACT: 
 
Spectral vegetation indices profusely play a pivotal role on the status of the crop. The aid of MODIS A09 offers 8 day clear-sky composite 
images of surface reflectance and has been validated extensively for scientific application and using this, vegetation indices product derived 
such as NDVI might provide the crop condition in a near real time manner. Therefore a well vegetated area of Vellore district, Tamil Nadu 
with different crop type and agrometeorological variation was selected for this study. The study is aimed at regressing spectral indices to 
agrometeorological variables in extracting favorable phenological zones from the study area. We developed a methodological approach of 
integrating biophysical variables extracting the MODIS NDVI product from the website for entire season with agrometeorological 
variables (Tamx, Tmin, Rainfall) for this study, Gridding the study area as 5km*5km has given a spatial pattern of the crop type vegetation 
distribution and its variation.  Collecting, manipulating and interpolating the agrometerological variables such as Tmax, Tmin, Rainfall of 
the study area and overlaying with the MODIS NDVI provided an overview of the biophysical and agrometeorological variables. 
Aggregating NDVI values and agrometeorological variables of each grid provide a common value. Yield of specific crop to spectral and 
agrometeorological values are regressed and thereby identifying the favourable phenological zones of the study area. 
 

 

 

USING REMOTE SENSING TOOLS FOR CLIMATE CHANGE INFORMATION 
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EXTENDED ABSTRACT: 
 
The objective of the Mars Crop Yield Forecasting Systems (MCYFS) is to provide precise, scientific, traceable independent and timely 
forecasts for the main crops yields at EU level. The forecasts and analysis are used since 2001 as a benchmark by analysts from DG – 
Agriculture and Rural Development in charge of food balance estimates. The system is supported by the use of Remote Sensing data, 
namely SPOT-VEGETATION, NOAA-AVHRR, MSG-SEVIRI and MODIS TERRA and in the future METOP AVHRR too. So a broad 
spectrum from low to medium resolution data at pan-European level is covered and historical time series go back to 1981 for NOAA and 
1998 for SPOT VEGETATION. In order to work with the data operationally, processing chains have been set-up to make the data 
consistent with our requirements concerning near real time delivery (3 days), spatial coverage (pan-Europe), projection and ten day time 
steps. Moreover tailored indicators like NDVI, fAPAR and DMP are derived. In case of available time-series, difference values of the 
indicators (e.g. relative or absolute differences) and frequency analysis of the indicators (e.g. position in historical range or distribution) are 
calculated.  The data is explored at full resolution or unmixed related to land cover types and aggregated at administrative NUTS 2 level 
(profile analysis of time series). Special tools to inspect and distribute the data to external users have been developed as well.  
 
Furthermore, it is the objective to develop a strategy for an optimal use of the different sensors and thus derived indicators at different 
aggregation levels for the ingestion into the MCYFS. As a first step smoothing algorithms have to be applied to the time series to diminish 
noise effects and to retrieve continuous information.  Thus, an algorithm based on Swets et al. (1999) is employed.  Thereafter, so-called 
Chronos Key Indicators are derived from the smoothed time-series.  
 
With the view towards developing a real-time observation system to provide timely information on ongoing impacts on crop production 
under ongoing climate change, and suggest effective adaptation response strategies, a study is carried out to establish the link between these 
indicators and (1) state variables of the crop growth simulation (e.g., development stages), (2) observed real time field vegetation 
parameters and (3) the forecasted yield/production. 
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EXTENDED ABSTRACT: 
 
Detection and quantitative description of the global change is one the top challenges for multiple disciplines. There is no doubt that the 
climate change in many cases is responsible for change in agricultural vegetation, which can affect food security in many countries. 
Referring to the IPCC Special Report on Emissions Scenarios (Nakicenovic and Swart, 2000; Parry et al., 2004) estimated that regional 
differences in crop production could grow strongly through time. Regional differences in the response of crop productivity to climate 
change are also likely to emerge in many countries. Enhanced climate variability may lower mean yields because of a higher incidence of 
years with adverse conditions (Southworth et al. 2000), but sign and magnitude of the impacts will likely vary from region to region and 
depend on the crop (Porter & Semenov 2005). As reported by Olesen and Bindi (2002), climate change is expected to have positive 
impacts only in the northern countries of Europe, implying that areas of crop suitability may expand northwards (Olesen et al., 2007). 
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Southern areas of Europe, on the other hand, will probably have to face increasing water shortage and incidence of extreme adverse 
weather events. 
 
Russia embraces agricultural lands which are situated in different geographical conditions (from small and scarce arable land parcels in 
northern taiga to extra arid lands with irrigated agriculture in the south). These are highly dynamic systems due to both natural and 
anthropogenic actions. Climate is the predominating and most significant natural factor, which sets the phenological rhythms to the 
vegetation as the seasonal changes in temperature, light and moisture availability translate into plant growth and differentiation. 
Agricultural vegetation in Russia is also exposed to various disturbances due to land degradation, insect population explosions and plant 
disease epidemics. The anthropogenic impact has changed profoundly over the last century too: changes in crop varieties, level of 
mechanization and fertilization, crop acreage dynamics, overgrazing and other factors. 
 
Moreover Russia is a region of abrupt socio-economic changes and also most significant in the Earth System climatic hot-spots. Over the 
past two decades Russia has experienced changes in lands usage, which led in particular to vast area of arable lands abandonment. 
Nowadays all information concerning arable lands, crops area and production is provided by farmers and can’t be considered as objective 
and accurate enough. Since the year 2003 under the treaty with Russian Ministry of Agriculture, the Russian Academy of Sciences’ Space 
Research Institute (IKI RAS) has been developing the agricultural monitoring system based on Earth observation data. The impact of 
climate change on agricultural lands in Russia is potentially among most important, but not well understood and measured yet factor. The 
conflicting effects of climate change are expected a northward extension of farmable lands, while there is also warning of possible 
productivity losses and increased risk of drought. The integration of long time-series of satellite data as well as meteorological records 
gives an instrumental opportunity to document the climatically induced changes of agricultural lands across entire country. The IKI RAS is 
working in collaboration with Microsoft Corporation on development of tools relevant for assessment of climate change induced vegetation 
dynamics based on time-series of satellite data. 
 
At present Earth observing satellites provide us with an opportunity to collect information concerning vegetation dynamics, which, in terms 
of geographical coverage and temporal resolution, is unattainable by other techniques. The Terra/Aqua-MODIS instrument data, namely 
the daily MOD09 products, were used as the primary data source for agriculture monitoring in Russia. Mentioned products provide 
information about surface reflectance, solar illumination and instrument viewing geometry. The red and NIR spectral channels with 250 m 
resolution have been using for vegetation assessment, while blue and SWIR channels with 500 m resolution are important for cloud and 
snow detection. 
 
At the first step the mask of pixels which are not suitable for thematic processing is produced. This mask includes cloud cover, snow cover, 
cloud shadows and pixels with resolution worse than stated. The pre-processing algorithms use data about spectral reflectance for 
cloud/snow detection, solar illumination and instrument viewing geometry data for detecting of cloud shadows and pixels with insufficient 
spatial resolution. Using mentioned above mask the 7-day and 4-day composite images are generated for thematic analysis. 
 
The Perpendicular Vegetation Index (PVI) and the Normalised Difference Vegetation Index (NDVI) time-series data provide input for 
highly automated production of annual thematic products, such as: 
 
Arable area mapping, including abandoned and newly- ploughed-up lands; 
Winter crop mapping and status assessment; 
Clean fallow fields mapping; 
Crop acreage and production assessment. 
 
The feasibility study of sunflower and rice mapping with MODIS data has demonstrated promising results and provide a basis for 
technological development of new thematic products. Another data source is high-resolution satellite images acquiring by HRV and 
HRVIR instruments on board of SPOT-2/4 satellites. The SPOT-HRV/HRVIR data provide the information about agricultural fields’ limits 
with high enough geometric accuracy, which is being combined with MODIS derived products are focused at increase of reliability of 
arable lands and crop area estimates. The climate change impact related studies are extensively exploiting long-term time-series data, in 
particular acquired by NOAA-AVHRR (GIMMS data set) and SPOT Vegetation instruments. These data have been integrated with land 
cover maps along with methodological records to estimate correlation with climatic indexes, to detect statistically significant trends of 
agricultural vegetation dynamics. It was found that climate change is one of main driving forces of the long-term dynamics of the 
agricultural vegetation in Russia. Such parameters as start, end and duration of the vegetation season, date and value of the seasonal NDVI 
maximum and seasonal photosynthetic potential are mostly affected by the climate changes. The magnitude and direction of this impact 
differs from region to region, which creates a complex pattern of the climate induced changes of the agricultural vegetation in Russia. 
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ABSTRACT: 
 
Sea Surface temperature (SST) over Tropical Indian Ocean (10oS to 15oN; 40oE to 110oE) are considered during March and April from 
1985 to 2007. By examining spatial distribution of SST, three sub-domains (WEIO, CIO and SEIO) are identified. It is found that (i) April 
SST over WEIO and CIO gives indication of overall monsoon performance i.e. if south west monsoon season is weak/drought or not (ii) 
March SST over SEIO and April SST over WEIO give indication of progress/advancement of southwest monsoon over India. The study is 
useful for water management and agriculture planning because SST parameter alone seems to be sufficient to determine the southwest 
monsoon performance of a particular year over Indian region about one month in advance (Early May) 
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EXTENDED ABSTRACT: 
 
Vegetation at any given location changes through time (e.g., annual and seasonal changes) and in space (in response to climatic or 
landscape factors). Knowledge of the change in vegetation, not only how much has changed but also where and when changes have 
occurred, can help land managers identify sources of ecosystem stress, as well as prioritize management efforts. The present study 
considers the dynamics of savanna vegetation across spatial and temporal scales in Kruger National Park (KNP) through the use of satellite 
remote sensing for the time period 1984–2002.  
 
Spatial variability of vegetation is a key characteristic of savanna landscapes and its importance to biodiversity has been demonstrated by 
field based studies. Being limited in space and time, such studies cannot adequately explain the processes of change that are in operation 
and their interrelationships across hierarchic levels. Stronger understanding of the nature of change requires information to be obtained at 
regional scales and over longer periods of time. It is argued that multi-scale remote sensing may be an effective means of obtaining this 
information. Vegetation dynamics across spatial and temporal scales were analysed using Soil Adjusted Vegetation Index (SAVI) images 
from medium spatial resolution Landsat sensors and Normalised Difference Vegetation Index (NDVI) images from spatially coarse 
AVHRR sensors. Variability was assessed using its constituent elements of heterogeneity and diversity. In the case of a remotely sensed 
image, heterogeneity will characterise the pattern in which the picture elements (pixels) are arranged, whereas diversity will be an 
indication of how different the pixels are from each other. Variability was assessed based on the assumption that changes in vegetation, 
while contributing to changes in reflectance properties of pixels will also induce changes in the spatial structure of the image. In accordance 
with this assumption, variability was defined as the variance in brightness (or colour) of texture elements in the image. It was also assumed 
that texture measures operating on a pixel by pixel basis will be able to quantify this change in local image variance and thereby spatial 
variability. Quadrats of size 2 by 2 km were selected from vegetation index images to ensure that vegetation pixels alone were used in the 
analysis of spatial variability. Texture measures of mean, variance, skewness and kurtosis were calculated for individual quadrats using 
moving windows of sizes 3*3, 31*31 and 61*61 corresponding to local, patch and landscape scales, in an attempt to mimic the hierarchical 
arrangement of natural systems. The temporal dimension of vegetation variability was analysed by computing the Standardised Principal 
Components (SPCA) for the NDVI time-series.  
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The study has found that climatic variability is the main driving force for the spatio-temporal dynamics of vegetation in KNP. Neither the 
extensive drought during the early 1990s nor the flood conditions of year 2000 has caused irrevocable changes in vegetation conditions as 
seen by vegetation activity trends in the study area. Analysis of the coarse resolution NDVI data has showed that ecozones show broadly 
similar trends for the variability of vegetation in the time period 1984 – 2002, considered for the study. Geology and rainfall act as key 
determinants of vegetation variability, with their influences more pronounced at the landscape scale compared to local and patch scales. 
The study supports the ecological zonation of KNP as well as the assertion by previous studies that the spatial variability of vegetation is 
more pronounced in basaltic ecozones compared to granitic. 
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ABSTRACT: 
 
The objective of this study is to develop land cover classification algorithm suited for the eastern Asia by using multi-temporal MODIS 
land reflectance products. The area covers around 10,000km x 6,700km (90 degree longitude width by 60 degree latitude width). There are 
two versions, which are Surface Reflectance 8-Day L3 product and Nadir BRDF-Adjusted Reflectance 16-Day L3 product. Both are 
composed of 7 spectral bands with 500 m ground resolution. The former is the atmospheric corrected surface reflectance, while the latter 
corrects the BRDF effects in addition to the atmospheric correction. In this study, land cover maps derived from these two kinds of source 
data products are generated and compared. The land cover generation method using in this study has two stages of non-linear reflectance 
conversion and multi-temporal land cover categorization. In the non-linear reflectance conversion, reflectance data represented with 16 bits 
were converted to 8 bits data by compression of high spectral region in order to decrease volume of feature space. In the second stage, 8 
bits spectral data composed of 46 scenes produced in one year were classified to land cover categories by using time domain co-occurrence 
matrix. The classification results of above reflectance products were compared with a MODIS land cover product. As the result, Surface 
Reflectance 8-Day L3 product and Nadir BRDF-Adjusted Reflectance 16-Day L3 product showed about 90% classification accuracy that 
is about 20 % greater than that of MODIS land cover product. 
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EXTENDED ABSTRACT: 
 
Agriculture plays an important role in the global economy, and the sustainability of agriculture is critical for world food security.  With the 
world’s ever increasing population, the demand for food continues to rise.  Timely information on crop acreage and growth conditions is of 
great value for in-season prediction of crop productivity and ultimately, crop yields. 
 
Agriculture is an important sector in Canada.  The Canadian Prairie region is an important supplier of grains, legumes and oilseeds to the 
global market. Annual geospatial information on agricultural land use (crop inventory) would permit more efficient and effective delivery 
of agricultural programs and enhance the environmental sustainability of the agricultural sector.  Agriculture and Agri-Food Canada 
(AAFC) scientists completed a multi-year (2004-2007) project which defined an EO-based methodology for successful end-of-season crop 
classification [1, 2].  This project revealed that when available, multi-temporal optical data (Landsat, SPOT) collected at different crop 
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growth stages can achieve satisfactory classification accuracy (above 85%).  When data gaps are present due to cloud cover, the addition of 
radar data (RADARSAT-1, ASAR) provides complementary information which would assist in crop identification. 
To implement this methodology for operational use at a national scale, satellites that acquire data across wide swaths are needed for 
countries like Canada with substantial land masses.  In response, a pilot study was undertaken to investigate the integration of 
RADARSAT-2 ScanSAR data with AWiFS data for crop mapping over the Canadian Prairies [3].  The Indian Space Resource 
Organization Satellite Resourcesat-1 (IRS-P6) provides multi-spectral Advanced Wide Field Sensor (AWiFS) data with frequent revisit 
and a large geographic coverage.  Compared with Landsat’s 16-day repeat cycle, AWiFS’ 5-day repeat cycle and large scene overlap 
increase the potential for successful acquisition of cloud-free optical data.  AWiFS’ spatial resolution (56 m at nadir), although coarser than 
that of Landsat and SPOT, is suitable for field level mapping across Canada’s vast Prairie region.  An earlier AAFC study compared the 
use of AWiFS data with data from Landsat-TM and SPOT for crop mapping over three Canadian agriculture sites in Eastern Ontario, 
Manitoba, and Saskatchewan [4].  The study revealed that accuracies were slightly reduced with the use of the AWiFS data and this 
reduction was attributed to the coarser spatial resolution of AWiFS.  For operational implementation, this small reduction in accuracy is an 
acceptable trade-off to achieve large area coverage (370 km per quadrant).  Piloting of an operational crop inventory using AWiFS began 
in 2008 for one Canadian province, Manitoba.  Multi-temporal AWiFS data were acquired throughout the 2008 growing season.  In 
addition, multi-temporal dual-polarization (VV, VH) RADARSAT-2 ScanSAR Narrow data were also acquired.  This RADARSAT-2 
beam mode offers comparable spatial resolution (50 m) and swath coverage (300 km) to AWiFS.  This pilot study demonstrated that multi-
temporal AWiFS data can produce an adequate crop classification, with an overall end-of-season accuracy of 83%.  The addition of 
ScanSAR data increases the overall classification accuracies. 
 
Crop inventories delivered at the end of growing season are valuable.  In-season crop acreage estimates, however, add additional value for 
early forecasting of crop yield and biofuel production.  Timely early season information on crop acreage and growth conditions is needed 
to inform these forecasts.  In this study, the modified triangular vegetation index (MTVI2) will be assessed for use with AWiFS data  For 
the 2009 growing season, AWiFS optical data and RADARSAT-2 ScanSAR data (VV, VH) have been programmed for the Prairie region.  
In addition to in situ crop type surveys, multi-temporal LAI (leaf area index) measurements using the LAI 2000 have also been scheduled 
over an intensive site at Indian Head, Saskatchewan.   Ground LAI is used to calibrate the MTVI2 estimates from the AWiFS data.  In an 
AAFC experiment conducted in 2008, MTVI2 derived from multi-temporal SPOT-4 data was strongly correlated with above ground 
biomass for corn, soybean, and wheat crops [5].  It is anticipated that LAI estimates will assist in reducing confusion in discriminating 
between crops such as cereals and pasture-forage, and in increasing accuracies associated with early season crop area reporting.  
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EXTENDED ABSTRACT : 
 
The sensitivity of visible and infrared wavelengths to internal leaf structures and pigmentation has led to the successful application of 
optical satellite data for vegetation discrimination and crop identification. Nevertheless, the exploitation of differences in crop reflectance 
over time, as crop phenology changes through the growing season, is the most important factor for successful crop discrimination. The 
accuracy of crop classification hinges on the successful acquisition of satellite data during critical points in the growing season. For crops 
grown in Canada, this period represents the reproductive and seed development growth stages. 
 
The interference of optical acquisitions by cloud cover and haze means that delivery of operational annual crop surveys can be unreliable if 
optical sensors are the sole data source. Agriculture and Agri-Food Canada demonstrated that C-Band SAR data can assist with improving 
crop classification accuracies produced by multi-temporal optical images [1]. As well, these SAR data can be integrated with one or two 
optical acquisitions to assist with filling gaps in optical data collection. However, C-Band on its own was unable to match the accuracies 
achieved with well temporally positioned optical acquisitions. A multi-frequency (C- and L-Band) SAR data set did provide an alternate to 
an optical-only or optical-SAR approach [2]. Using RADARSAT-1, Envisat ASAR and ALOS PALSAR data classification accuracies 
matched those of a multi-temporal optical data set. 
  
In 2008 and 2009, AAFC began acquiring higher frequency TerraSAR-X data over sites in Canada. Early results from 2008 demonstrated 
that these X-Band data, on their own, could achieve accuracies of 85% [3]. With a C- and X-Band data set accuracies increased to 88%. 
These encouraging results were achieved in spite of the fact that acquisition of X-Band data for 2008 began only at mid season. The 2008 
test site had a relatively simple cropping mix with only four major crop classes - corn, soybean, wheat and pasture-forage. Consequently, in 
2009 AAFC programmed TerraSAR-X and RADARSAT-2 satellites to capture crop development over the entire season, and expanded 
data collection to a site of more complex cropping system, in western Canada. This paper will present results from the 2009 C- and X-Band 
crop classification project.  
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EXTENDED ABSTRACT: 
 
Historical rainfall data over India revealed significant changes in intensity and distribution patterns across the country and significant 
changes in rainfall patterns are predicted under different climate change scenarios. The understanding on spatial and temporal patterns of 
cropping in relation to intra and inter annual variability of rainfall patterns is one of the useful inputs for delineation of vulnerable and 
resilient zones to climate change. Towards this, the development of long term spatial databases on cropping pattern using satellite remote 
sensing based data is realized as an important need.  
 
In this context, considering the potential of IRS AWiFS data, a project is taken up as part of Natural Resources Repository (NRR) activity 
under National Natural Resources Management System(NNRMS) of Department of Space(DOS), Government of India, with an objective 
to undertake  “Rapid assessment of National Level LULC on 1: 250,000 scale using multi-temporal AWiFS starting from 2004-05”. 
National Level LULC mapping for the crop calendar year 2004-05, 2005 –06, 2006-07, 2007-08, 2008-9 was completed. As part of this 
project, spatial information on Net Sown Area (NSA) depicting single (Kharif, Rabi and Zaid) and Double/triple crop areas was generated 
along with other Land Use and Land Cover information. The paper presents the intra and inters annual patterns of cropping and its spatial 
variability over the last 5 years across the entire country. 
 
Monthly AWiFS data of Aug - May time window was chosen covering the spatial variability of crop and phonological calendars of 
agriculture and forest ecosystems respectively. Towards this minimum of 150 IRS AWiFS full scenes need to be used. However to 
augment cloud covered areas and address certain local variability’s,  a total 200 IRS AWiFS full scenes comprising of 800 quadrants were 
used for each cycle.  
 
The multi-temporal datasets were geo-referenced with LCC projection and WGS 84 datum. Later all the satellite datasets were converted 
into TOA reflectance data to minimize temporal variability. Optimal no. of quadrant mosaics were prepared keeping in view of the 
radiometry, differences in date of pass for each state. These mosaiced tiles staggered over the months were used as input for classification.  
A hybrid approach involving Hierarchical Decision Tree (See 5), Maximum likelihood and Interactive classification techniques were 
adopted for classification. The legacy datasets on forest cover, type, wastelands and limited ground truth were used as inputs for 
classification and accuracy assessment. The process based QAS was implemented to regulate the data flows and outputs as per the 
standards.  
 
The spatial and temporal distribution on NSA was extracted over IMD meteorological subdivisions of Indian Meterological Department 
(IMD) and was analyzed in conjunction with corresponding rainfall data. Four different scenarios have emerged in terms of NSA response 
to rainfall change viz Positive response to rainfall change either in terms of increase or decrease in NSA and Negative response to rainfall 
change either in terms of increase or decrease in NSA. Response of NSA to rainfall changes was found significantly different in command 
and irrigation intensive regions, hilly/high rainfall regions and arid and semi arid regions. Subdivisions like West Rajasthan, North-interior 
Karnataka, Saurastra, kutch and Chhattisgarh shown increase in cropped areas in relation rise in rainfall during different years of the study 
period. On the other hand sub divisions like Telangana, Rayalseema, East Rajasthan and Western MP having low productive lands did not 
show positive response to increase in rainfall indicating the influence various other factors. In Sub-humid West Bengal and Sikkim, 
Gangetic West Bengal, Tamilnadu, Southern Karnataka, Punjab, and Coastal A.P etc, there is a trend towards increase in NSA despite the 
decrease in rainfall. These sub divisions are basically fertile productive lands with intensive irrigation systems and hence cropping systems 
may not be largely effected due to marginal changes in rainfall conditions.  
 
National and state level spatial information on recurrence of double, single crops areas and current fallows observed over longer times is 
also of critical importance to understand the cropping patterns. It is found that 28.7%, 24.3%, 10.8% areas are consistently present during 
all the cycles under double, kharif and rabi single crop areas respectively. Consistent double cropped areas are found in the major river 
basins and command areas. Monitoring these areas on these lines over long term facilitates to understand the stability of these systems in 
sustaining the cropping conditions. Consistent fallow areas are present especially in areas having less than 750 mm rainfall and in 
Jharkhand and Bihar. The temporal databases on these patterns would help to understand the dynamics of change in relation to various 
physical and biological controls of cropping systems especially in the context of climate change. 
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MEASURING WINTER WHEAT CULTIVAR (TRITICUM AESTIVUM L.) HEALTH STATUS USING 
HYPERSPECTRAL REFLECTANCE DATA 
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ABSTRACT:  
 
The newly-emerged hyper-spectral remote sensing makes possible acquiring images in many narrow and continuous spectral bands, which 
are sensitive to specific crop variables, so weak difference in plant parameters could be detected. Hyperspectral Crop reflectance data are 
useful for determining and defining optimal indices to estimate crop health. The objective of this work is to analyze red edge inflection 
point (REIP) obtained from first order derived reflectance spectrum and deducing its relation with vegetation health indices. Continuum 
removal was done for normalizing reflectance spectra to allow comparison of individual absorption features. The indices used for 
determining crop health were NDVI, SIPI and SAVI. A field study was conducted during the winter growing season of wheat. Field was 
divided into two plots with equal irrigation treatment in which one plot serve as control with no fertilizer treatment. Field canopy 
reflectance measurements were acquired at most important stage of wheat life cycle that is first tillering stage. Soil adjustment factor (L) 
value obtained for SAVI measurement was 0 for fertilizer treated plot and 0.5 for control plot. REIP value for fertilizer treated plot was 
737.07 nm and that for control was 735.21 nm which indicate nutrient stress condition in control. NDVI, SIPI and SAVI indicate a better 
health of crop in fertilizer treated crop as compared to control. NDVI serve as best predictor for REIP estimation in both healthy and 
stressed condition, whereas SAVI show good response in stress condition opposite to SIPI which is best predictor for healthy condition.  
 
 
 

LAND USE / LAND COVER MAPPING OF KEOLADEO NATIONAL PARK, BHARATPUR, RAJASTHAN (INDIA) 
USING HIGH RESOLUTION SATELLITE DATA 

Niraj1 and S. Palria2 
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EXTENDED ABSTRACT: 
 
Land use and land cover change has become a central component in current strategies for managing natural resources and monitoring 
environmental changes. The advancement in the concept of vegetation mapping has greatly increased research on land use land cover 
change thus providing an accurate evaluation of the spread and health of the world’s forest, grassland, and agricultural resources has 
become an important priority. Viewing the Earth from space is now crucial to the understanding of the influence of man’s activities on his 
natural resource base over time.  
 
It is necessary to have accurate information about present land use/ land cover so as to prepare integrated plans for optimal utilization of 
natural resources in the region.  Remote Sensing & GIS are the two most important techniques for studying the Land Use patterns and there 
changes, based on analysis at time series satellites data. Satellite data provides authentic record of the timely and consistent temporal 
changes in Land Use patterns over a large area & GIS has an advantage of storing and integrating multi- theme data for desired 
interpretations and modeling. Satellite data with synoptic view, repetitive coverage and multi spectral viewing etc has brought drastic 
changes in the land use/ land cover mapping and monitoring.  Remote Sensing (RS) and Geographic Information System (GIS) are now 
providing new tools for advanced ecosystem management. The collection of remotely sensed data facilitates the synoptic analyses of Earth 
- system function, patterning, and change at local, regional and global scales over time; such data also provide an important link between 
intensive, localized ecological research and regional, national and international conservation and management of biological diversity.    
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Vegetation patterns are an integrated reflection of abiotic and biotic factors that shape the environment of a given land area. Vegetation 
mapping plays a vital role in providing relevant information and therefore becomes a prerequisite for the effective and therefore becomes a 
prerequisite for the effective management of natural resources, especially for the conservation of biodiversity and is surrogate for 
ecosystems in conservation evaluations, and thus serves as a staring point of monitoring of the tropical vegetation.   
 
Wildlife habitat analysis requires complete understanding of the total ecosystem coupled with influence of land use practices. The 
physiography and their spatial distribution are considered to be important parameters (apart from) slope, soil, and topography and water 
availability of population occupied in place is its habitat and each species requires a particular habitat to supply the their sustenance. 
Vegetation cover mapping which is an important component of habitat analysis has already been operational in India by using remote 
sensing data. 
 
Keoladeo National Park (KNP) popularly known as Bharatpur Ghana Bird Sanctuary situated between 27º7’06’’ to 27º12’02’’ N latitude 
and 77º29’05’’ to 77º33’09’’ E longitude with an elevation of 572 m above msl. Keoladeo National Park is named after Keoladeo (Shiva) 
temple located in the center of the park. The KNP is a part of the great Indo-Gangetic plain of India created by a natural depression.  This 
world heritage site is a unique ecosystem known for various resident and migratory birds. This important wetland was set aside as a bird’s 
sanctuary in 1956 and it was elevated to the status of a national park in 1981. It has distinction of being the only Indian wetland to be 
included under both the Ramsar and the World Heritage convention. Over 320 birds’ species have been recorded in the park. Apart from 
birds, around 27 mammalian species are also available in the park. The most common are Blue Bull, Chital, Sambar, Wild Boar, Jackal etc. 
  
Land use /Land Cover map of Keoladeo National park (KNP) was prepared using merged (IRS P6 LISS IV & Cartosat PAN data) high 
resolution satellite data, in ERDAS 8.7 and ARC/GIS 9.1 version software.  Preparation of Land use / land cover map is based on Manual 
of NRSA (2006) with some modification.   
  
In the interpretation of Land use/land cover of the KNP, it was found that the total geographical area is 28.96 sq km. In this classification, 7 
and 15 classes were identified in level-1 and level-2 respectively. 
  
In the level-1 classification of LULC, out of the total Park area 43.34 % Under forest, 28.56% under Wetland, 23.15 % under Grassland, 
3.83 % area under Mosaic of several types, 0.60 % under Saline land, 0.08% under settlement, and 0.45% under water- bodies.   
 
In the level-2 classification of LULC, out of the total Park area, 26.21% Scrub Woodland, 8.50% Thickets, 8.19% Savanna Woodland, 
3.0% Low Grassland, 14.60% Shrub savanna, 5.39% Grass Savanna, 3.81% Mosaic of Several Type, 1.41% Scattered Shrub, 0.08% 
Settlement, 0.09% Pond, 0.46% Canal, 18.86% Dried Wetland, 9.24% Plantation in Wetland, 0.03% Aquatic Vegetation, 0.14% Open 
Water. 

CHANGE OF LAND SURFACE TEMPERATURE AND EVI IN CHINA FROM 2000 TO 2008  

Jing Lia, Qinhuo Liua, Qiang Liua and Li Jiab  
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EXTENDED ABSTRACT:  
 
In recent decades the temperature of the earth has obvious increasing. It is important to figure out the situation of the climate change and 
estimate its impacts. Temperature is a vital parameter in the climate system. The vegetation cover partly shows the impact of the climate 
change. It is significant to analyze the change of the temperature and the vegetation cover. This is also important for agricultural 
management. Some research has been done to estimate the LST and VI change in Europe. In this paper we make statistics of the satellite 
time series data and analyze the change of LST and EVI in China. Figure 1 shows the change of the yearly average air temperature of the 
whole earth from 1948 to 2008 based on NCEP reanalysis data. It shows the obvious increasing in recent decades. In this paper we use 
MODIS time series data to analyze the change happening in the recent decade. 
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Figure 1. Yearly Average Air Temperature of the Whole Earth from 1948 to 2008 from NCEP Reanalysis Data 

The satellite data to analyze is the time series from MODIS LST and VI product. Because of the impact of weather factors, the time series 
obtained directly from MODIS product is discontinuous. It is required to reconstruct the original time series into the continuous series. We 
used the modified HANTS algorithm to make time series reconstruction. HANTS (Harmonic ANalysis of Time Series) is developed by 
Wout Verhoef (Menentiet al., 1993; Roerink et al., 2000; Verhoef et al., 1996). It has been successfully used in some applications of time 
series analysis. As other algorithms of time series reconstruction, HANTS also has the disadvantage that the accuracy of reconstruction has 
a tight relationship with the input coefficients. To increase the accuracy of HANTS when applying in large area, we modified HANTS 
algorithm, and add the a priori knowledge of the original time series into it, and also add a flag to describe the quality of time series 
reconstruction as the algorithm output.  
 
The modified algorithm is used in MODIS LST and VI product to reconstruct the continuous LST and EVI time series in China. We divide 
China into arid area, semi-arid area, semi-humid area, and humid area to analyze the LST and EVI change. Because of the sensitive 
reaction in Tibet Plateau to the climate change, we also analyze it as a special area. We make statistics to get the yearly and the seasonal 
change of LST and EVI in these areas and also in the whole China, analyze to get the area with increasing LST, with decreasing LST, with 
increasing EVI, and with decreasing EVI, and finally make a conclusion to the characteristic of the LST and EVI change in China in recent 
decade 
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EXTENDED ABSTRACT: 
 
One of the major challenges we face on our planet is increasing agricultural production to meet the dietary requirements of an additional 
2.5 billion people by the mid of the century while limiting cropland expansion and other damages to natural resources. This problem is 
even more so challenging given that nearly all the population growth will take place where the majority of the hungry live today and where 
ongoing and future climate changes are projected to most negatively impact agricultural production, the semi-arid tropics (SAT). The SAT 
contain 40% of the global irrigated and rainfed croplands in over 50 developing countries and a growing population of over a billion and 
half people, many of which live in absolute poverty and strongly depend on agriculture that is constrained by chronic water shortages. 
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Rates of food grain production in many of the countries of the SAT have progressively increased since the mid 1960s aided by the Green 
Revolution and relatively favourable climatic conditions. However, aggregated agricultural production statistics indicate that the rate of 
food grain production has recently stalled or declined in several of the countries in this region, escalating the concerns over matters of food 
security, that is availability of food and one’s access to it, in a region where many people live in extreme poverty, depend on an agrarian 
economy and are expected to fare increasingly worse climatic conditions in the near future. 
 
In this paper we provide independent evidence of the agricultural deceleration in the SAT and its drivers by analyzing the long term (1982-
2006) record of the Normalized Difference Vegetation Index (NDVI) from the National Oceanic and Atmospheric Administration’s 
Advanced Very High Resolution Radiometer (NOAA/AVHRR) together with climate, land use, and aggregated crop production statistics. 
India, with the world’s largest population of hungry people and largest semi-arid croplands, is a leading example of the observed declines. 
We show geographically matching patterns of enhanced crop production and irrigation expansion with groundwater, initially, but both of 
which have levelled off in the past decade. Thus, India faces the daunting challenge of needing a 50-100% increase in yields of major crops 
by the middle to the 21st century to feed its growing population, when its current production rates are decelerating and options to reverse 
these are limited. Overall, our analysis suggests a deteriorating food security scenario for the SAT countries, given the current deceleration 
of production trends, unsustainable use of land and water resources, projected climate changes and population growth rates that will require 
a new green revolution to be reversed. 

MONITORING AGRICULTURAL CROPPING PATTERNS IN THE GREAT LAKES BASIN  
USING MODIS-NDVI TIME SERIES DATA 

Ross S. Lunetta and Yang Shao 

U.S. Environmental Protection Agency, National Exposure Research Laboratory, Research Triangle, Park, NC 27711, USA 
*Corresponding author (lunetta.ross@epa.gov) 
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EXTENDED ABSTRACT: 
 
This research examined changes in agricultural cropping patterns across the Great Lakes Basin (GLB) using the Moderate Resolution 
Imaging Spectroradiometer (MODIS) Normalized Difference Vegetation Index (NDVI) data. Specific research objectives were to 
characterize the distributions of crop types in the GLB for 2005, 2006, and 2007, and quantify any changes in rotation patterns between 
2005–2006 and 2006–2007. MODIS 16-day composite NDVI product (MOD13Q) (2005–2007) were obtained from the USGS EROS 
Data Center and pre-processed using the method developed by Lunetta et al. (2006). This created a continuous high quality NDVI dataset 
for the general cropland and crop-specific (e.g., corn, soybean, wheat) mapping. For each calendar year, the classification of general 
cropland versus noncropland was conducted first. The training data points for the cropland and noncropland were primarily derived from 
the 2001 NLCD (National Land Cover Data). The identifications of individual crop types were subsequently conducted within the cropland 
mask. Three major crop types were considered including corn, soybeans, and wheat. The training pixels were identified using visual 
interpretation of MODIS NDVI profiles to derive “phenology end-members”. We employed an ecoregion stratified classification approach 
to improve the classification performance by dividing the study area into 12-ecoregions (Omernik, 1987) and conducting independent crop-
specific classification within each ecoregion (Figure 1). Both the general cropland classification and crop-specific classification were 
performed using three-layer multilayer perceptron (MLP) classifiers. 
 

 

Figure 1. Ecoregion-Based Stratification of the GLB 
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The accuracy for the 2007 crop-specific classification was assessed using the 2007 Crop Data Layer (CDL) data as reference. The 
overall accuracy was 84% and Kappa coefficient was 0.73. The user’s accuracies for corn, soybeans, and wheat were 87, 82, and 81 
percent, respectively. The producer’s accuracies for corn, soybeans, and wheat were 85, 81, and 83 percent, respectively. In 
addition, the estimated crop acreages from MODIS NDVI were found to be close (<10% differences) compared to the state and 
provincial level agricultural  statistics obtained from the National Agricultural Statistics Service (NASS) and the Ontario Ministry of 
Agricultural, Food and Rural Affairs (OMAFRA). 
 
The total estimated cropland areas in the GLB are 115,590 km2, 117,973 km2, and 117,352 km2 for years 2005, 2006, and 2007, 
respectively. Over 97% of the croplands are located in the southern half of the GLB. Table 1 shows the distributions of individual 
crop types for the GLB over the three-year period. The corn acreage decreased (2%) from year 2005–2006, and then increased about 
20% from year 2006–2007. The soy acreage decreased slightly (1%) from 2005 to 2006, and then further decreased about 9% from 
year 2006–2007. Wheat acreage, on the other hand, increased about 18% from year 2005–2006, and decreased 21% from 2006–
2007. 

 
Table 1: Crop area (km2) and Percent Distribution Across the GLB 

 
The crop rotations were analyzed by stacking two-year crop maps and conducting a post-classification comparison. We aggregated pixels 
into 16-categories based on the “from-to” crop change classes. The frequency of crop rotation patterns (i.e., corn-soybean, soybean-wheat) 
were calculated within the GLB. Table 2a and b summarized the crop rotation patterns of the GLB for 2005–2006 and 2006–2007, 
respectively. A comparison of the crop patterns suggested that more continuous corn (corn-corn) fields were observed for 2006–2007. 
There were also increases of wheat-corn rotation and decrease of soybean-wheat rotation from 2005–2006 to 2006–2007. 

 
Table 2. Crop rotation patterns from 2005–2006 (a) and 2006–2007 (b) 
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EXTENDED ABSTRACT: 
 
The distribution of sources and sinks of carbon over land is dominated by land use and land use changes (LULUCs) such as deforestation, 
reforestation and agricultural management. Despite the importance of LCLUC in determining long-term net terrestrial fluxes of carbon, 
estimates of carbon fluxes due to LCLUC are uncertain relative to other terms, such as fossil emissions and ocean flux, in the global carbon 
budget. This is particularly true in tropical regions, due to the lack of spatially explicit and consistent LCLUC data. This study implements 
satellite based LCLUC data with a geographically explicit terrestrial carbon-nitrogen model ISAM (Integrated Science Assessment Model) 
to examine the response of vegetation and soil carbon and nitrogen stocks to recent LCLUCs in South and South East Asian Region.  
 
We used spatially explicit satellite derived LCLUCs maps, created using moderate spatial resolution imagery from the MODerate 
Resolution Imaging Spectroradiometer sensor (MODIS) for the entire globe. Over India, we took advantage of high-resolution forest 
clearing information derived from IRS AWiFS imagery to estimate forest area change estimates, because its sufficiently high spatial 
resolution enables the detection of most small scale forest clearing events in India that were undetected by MODIS.  
 
ISAM’s terrestrial component cycles consist of fully prognostic carbon and nitrogen dynamics associated with LCLUC, vegetation, litter 
(above and below ground) decomposition, and soil organic matter. Energy and hydrology processes have been adapted from the 
Community Land Model (CLM), the land component of Community Climate system of Models (CCSM). ISAM simulates the carbon and 
nitrogen fluxes to and from different compartments of the terrestrial biosphere with 0.1-by-0.1 degree spatial resolution. The model was 
calibrated using satellite-based fraction of absorbed Photosynthetically Active Radiation (FPAR), leaf area index (LAI), vegetation cover 
map and observed meteorological data to estimate plant productivity. The modeled carbon cycle includes feedback processes such as CO2 
fertilization, climate effects on photosynthesis and respiration and increased carbon fixation by nitrogen deposition; whereas the model 
nitrogen cycle includes all the major processes associated with nitrogen, including immobilization, mineralization, nitrification, 
denitrification, leaching.  
 
By quantifying the spatial distribution of net carbon and nitrogen sources and sinks, this study will help us more accurately determine how 
much carbon is being stored or released in south and south east Asian region, particularly in the context of the Kyoto protocol, which 
allows a country to apply the carbon stored in its forests and other ecosystems toward its budgeted reduction in carbon dioxide and other 
greenhouse gases. 

LAND SURFACE CHARACTERISATION IN ARID AND SEMI-ARID REGIONS OF RAJASTHAN FOR ASSESSING 
THE LONG-TERM CHANGES IN VEGETATION CONDITION USING EARTH OBSERVATION DATA 
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EXTENDED ABSTRACT: 
 
Swift transformations occurring at earth-atmosphere interface has made it imperative to characterise land surface parameters to assess the 
long-term changes in vegetation amount. Rapid urbanisation, deforestation and subsequent land degradation has impacted  the exchange of 
radiant energy between earth surface and the atmosphere ultimately resulting in substantial changes in the land surface parameters at local, 
regional and global level. Arid and semi-arid ecosystems play significant role in determining the intricacies of earth-atmosphere 
interactions and ultimately affecting the global climatic mechanisms. Long term studies to characterise the vegetation condition and 
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environmental changes taking place at the boundary of earth’s surface and the atmosphere in these environments is hence gaining 
importance world over. 
 
The highly dynamic vegetation of arid and semi-arid regions experiences a phenomenal change in its growth pattern. This change in 
vegetation canopy density with the change of season greatly impact land surface properties and related interactions. Assessment and 
monitoring of the vegetation status and seasonal growth characteristics in association with plant diversity in these arid and semi-arid 
regions is therefore of much importance. Vegetation degradation monitoring in arid and semi-arid regions using satellite data requires long-
term observations of vegetation extent. It therefore involves the use of a number of parameters such as NDVI, Evapo-transpiration, LAI, 
fractional cover, surface emissivity, albedo etc., to corroborate the changes occurring within these marginal ecosystems. Biophysical 
parameters such as green leaf area index (GLAI) and green fractional cover (gfc) have a unique importance owing to their characteristics 
and their capability to be linked with seasonal changes in vegetation condition. 
 
This paper will present an operational methodology to monitor vegetation condition in arid and semi-arid regions of Rajasthan developed 
through retrieval of land surface parameters using multi temporal and multi-scale satellite data. Different satellite data used in this study are 
S-1 and S-10 data from SPOT Vegetation (4 & 5), IRS-WiFS and IRS-LISS-III data. These datasets provide estimates of vegetation 
amount and condition which can be linked with surface biophysical parameters calculated from ground. These biophysical variables when 
calculated over a period of time give real-time spatial description of changes in land use and land cover. They can further be incorporated 
into models to make more realistic assessments of linkages between changes in surface properties and biogeochemical processes (Wessman 
and Asner 1998). 
 
Land surface parameters coupled with seasonal information provides valuable input to several climate change studies. The phenological 
information captured from these multitemporal datasets gives an insight into the various processes of energy exchange phenomenon taking 
place at land surface. It is of significance to regional climate change studies and large scale monitoring of land use and land cover changes. 
The surface parameters derived from satellite data for the entire study area will serve as a baseline datum to further the studies related to 
vegetation degradation monitoring and climate change modelling. 
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