
GEOSS Workshop – Beijing, February 2009
Developing an Agricultural Monitoring System of Systems

© UCL-Geomatics

Pierre Defourny
UCL-Geomatics, Belgium

with the support of various contributions

GEOSS Workshop – Beijing, China
11-13 February 2009

Developing an Agricultural Monitoring System of Sys tems

Monitoring of Agricultural Land 

Cover Change
Overview of State of the Science 

and Practice - Ag. 0703 Focus 3



GEOSS Workshop – Beijing, February 2009
Developing an Agricultural Monitoring System of Systems

Global/Regional
croplands mask

Nat./sub-nat. 
crop type area

Crop type at 
parcel level

EO

Area

Spatial resolution
5km - 1km 1km - 250m             250m - 60m                60m - 10m                 10m - 1m

hourly images    daily images     2 to 3 images per 10 days  1 to 2 images per 10 days    1 to 2 images per month 
Revisiting capabilities

Crop
Growth

Agriculture /
veg. state

Crop specific
conditions

Crop stages 
Crop variables

Anomalies
assessment

Yield 
estimation

Crop growth
model

every 10 days

every 5 to 10 days

every 10 days

Yield

Global    Regional / National           Sub-nat. Loca l

Sample point 
interpretation

Area
outlook

Meteo
cond .

Sub-parcel
variability

Monthly
bulletin

Area
estimate

Precision
farming

Yield
forecast

6 wks after sowing 2 months after sowing

Early
warning

Vulnerab.
report

Food
security

Ag prod
trade

Int market
report

+ field report & socio- economic context by analyst

+ prod. quality, stocks & demand by info brokers

Use

Prod
estimate

Mapping

Area Estimate

Early Area Indicator

Area Change



GEOSS Workshop – Beijing, February 2009
Developing an Agricultural Monitoring System of Systems

Why Ag. Area information still a challenge for EO?

��� � Mapping versus area estimate or indicator
+ documented accuracy at aggregation level of intere st

��� � Arable land 
��� � Croplands area (land at least planted once a year)

��� � Crop group area
��� � Single crop type area

��� � Dynamic land use : inter-annual-long term change

��� � Complex cropping systems (small fields, multiple cropping…)

��� � Cloud coverage constraining optical acquisition

���� Focus on planted/harvested area for main annual cro ps
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Overview

1. State of the Practice in ag.land cover change 
Operational Community
R&D Community

2. Goal for a GEO System of Systems

2015 Vision
Near Term Pratical Steps

3. Challenges to achieve this goal
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1. State of the Practice – Operational Community
Great expertise in ag. area assessment
focused on inter-annual change

FASAL - India

also in UN FAO, Australia, Brazil, Argentina,…
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1. State of the Practice – Operational Community
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Synthesis of current operational EO practices

=> Crop type acreage estimate from EO stratification and g round survey
delivered 2-3 months after harvest

=>  regional trends analysis in already well documented countries

� Crop groups (crop type in easy landscape) area indicator for some regions
20-60 m early products (1 or 2 months before harvest)
=> short-term production forecast adjustement for spec ific regions

� Several 1km-300m arable land masks for EO growth monit oring
=> continuing improvement but no global long term change capabilities
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1. State of the Practice – R&D Community
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Synthesis of current R&D practices

=> Crop type acreage estimate from EO 250 m stratification  & 5 m interpretation

� Crop groups (or crop type in easy landscape) area indi cator
combining 250 m and Landsat-like observation before ha rvest

� Crop groups area indicator using SAR time series in clo udy areas

� Global/regional 250-300 m annual croplands maps
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Global land cover / croplands product
- ESA-GLOBCOVER MERIS 300m product released in 2008

1. State of the Practice – R&D Community

- Forthcoming MODIS 250 m crop likelihood product



GEOSS Workshop – Beijing, February 2009
Developing an Agricultural Monitoring System of Systems

Global cropping systems products

Source : Global Agro-Ecological Zones Assessment (IIASA, 2000)

1. State of the Practice – R&D Community
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Percent soy cover, 2002
from MODIS time-series

Soy acreage, 2002
from NASS data

Y e a r R e g r e s s i o n r ^ 2
2 0 0 0 y = 1 . 1 0 4 4 x  +  3 4 1 0 . 8 0 5 9
2 0 0 2 y = 1 . 0 3 6 9 x  +  2 3 1 4 0 . 7 4 5 9
2 0 0 3 y = 1 . 0 8 2 6 x  +  1 0 8 6 0 . 8 1 2 5
2 0 0 4 y = 1 . 1 2 5 1 x  +  1 8 0 0 0 . 8 2 9 2
2 0 0 5 y = 1 . 0 0 7 x  +  5 5 4 0 . 9 0 3 1
2 0 0 6 y = 1 . 0 7 7 8 x  +  2 3 7 0 . 9 0 7 1
2 0 0 7 y = 1 . 0 7 9 8 x  +  3 0 1 3 0 . 9 0 5 7

R&D Community
Crop area indicator from MODIS – ‘ easy ’ landscape
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Preliminary AWiFS result using MODIS soy/corn as tra ining

Early August; Red: AWiFS band 5, Green: AWiFS band 4, Blue: AWiFS band 3Corn: Red   Soybeans: Yellow

R&D Community

Crop area indicator combining high and medium resolutio n



GEOSS Workshop – Beijing, February 2009
Developing an Agricultural Monitoring System of Systems

AWiFS Zoom: Illinois

Corn: Red   Soybeans: Yellow

R&D Community

Crop area indicator combining high and medium resolutio n
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Annual EO products for ag. land cover change information

Global coverage Nat. ag. coverage Local sample

croplands map crop gr. area indicator crop type
ag. area change crop group map area estimate
(US-GP,Br,Ar: crop area indicator) (US-GP, Br, Ar: cr op type area estimate)

Expected error : ± 10-30 % Expected error : ± 5-15 % Expected error : ± 5 %

300 – 250 m                    60 – 10 m                       5 – 1 m
X X X

10-day time series           3 – 20 images/season 1-2  images /season

swath width of 1500 km swath width of 200 - 700 km s wath width of 10 km

automated processing standardized processing              object-based prelabeling

2. Goal for a GEO System of Systems  - 2015 Vision
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2. Goal for a GEO System of Systems –Near Term Vision

Year-1 250 m Cropland Map Cropping Systems DB Areas of change

According
to region

Spatial resol. : 60m - 30m - 10m
Nbr of observ.: 3 to 6 / season

Sampling grid
& targeted zones

Multiple dates acquisition plan on samples
wherever 2 to 3 useable images

Early crop group area indicator =>OUTLOOK

Continuing multiple date acquisition plan on samples
3 to 6 useable images

Crop/ crop group area indicator

For a sub-
sample

Ground observation or
1-5 m VHR observation

Crop/ crop group area estimate => STATISTICS

Updated 250 m Cropland Map=> GROWTH MONITORING
with associated accuracy
2-3 months after harvest

1-2 months before harvest

2-3 months after harvest
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2. Goal for a GEO System of Systems –Short- Term Steps
Global 300-250 m Cropland Map

Cropping Systems DB

Preparation of global croplands area product (ESA GLOBCOVER, NASA MODIS product,…)

and possible improvement thanks to Landsat mid-decadal data set
Validation of this global croplands area product based on distributed expertise

Compilation of existing global cropping systems database at sub-national level 
including field size for main crops, number of growing seasons, crop calendar 

(planting / growing / harvesting) and typical interannual variations (yield and areas)

R&D on crop type discrimination robustness using wide s wath imagery

Innovative use of medium resolution data to automatically train high resolution data

Experimental study on crop type discrimination over large areas with
significant atmospheric and agro-ecological gradients

Best practices source book on crop mapping and area c hange
Currently in preparation for the area estimate

Efficiency enhancement for multidate acquisition plann ing (FEWS & JRC exp.)
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Operational capabilities for relevant observation are very far 
from nominal EO instruments specifications

Only 1km-250m EO instruments effectively provide 
an operational service for multiple ag. users ! 

Spatial resolution
5km - 1km 1km - 250m                  250m - 60m                         60 – 10 m 5 m - 1m

hourly images    daily images           1 - 2 images  /15 days      1 - 2 images / month 

Revisiting capabilities => actual availability for crop group discrimination

Global coverage Regional / National           Sub-nat . Local
2500 km swath 700 - 185 km swath 185 - 10 km swath

=> effective IFOV

Optical 10-day composites        3 – 6 images/season 1  – 3 images/season

Microwave 5 – 20 images/season 

3. Challenge 1 to achieve this goal
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3. Challenge 2 to achieve this goal

Development of a Community of Practices by

sharing a global cropping systems knowledge

building a global cropland validation data set

sharing/providing relevant image data set for metho ds 
benchmarking / improvements

clarifying / organising the multiple stakeholders of fer in the 
growing EO image provider sector, including the SAR  
community

writing a source book addressing the diversity of s ituations
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Thank for your attention

© B. Gerard


