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PREFACE 
This document defines a multi-viewpoint architecture for the exchange and dissemination 
of observational data and information in the Global Earth Observing System of Systems 
(GEOSS).  This architecture has been developed and is used in the GEOSS Architecture 
Implementation Pilot (AIP). 

The Group on Earth Observations (GEO) is coordinating efforts to build GEOSS through 
a series of Tasks.  GEO’s Members include 87 countries and the European Commission. 
In addition, 64 intergovernmental, international, and regional organizations with a 
mandate in Earth observation or related issues have been recognized as Participating 
Organizations. 

AIP supports the elaboration of the GEOSS Architecture.  The requirements for AIP are 
based on meeting user needs and community scenario requirements.  The Results of the 
AIP are transitioned to the GEOSS Common Infrastructure and other GEO Tasks for 
consideration as operational. AIP is and element of GEO Task IN-05 overseen by the 
GEO Infrastructure Implementation Board (IIB).   

The version of the GEOSS AIP Architecture in this document was developed to support a 
Call for Participation (CFP) in the fifth phase of AIP.  AIP-5 builds on the prior phases of 
AIP along with requirements identified by the IIB and other GEO activities and tasks.   

This version of GEOSS AIP Architecture was prepared in tandem with two other AIP 
documents: 

• GEOSS AIP-5 CFP Summary, 28 February 2012  
• GEOSS AIP Development Process, 28 February 2012  

The AIP-5 CFP documents are available at this URL:  
http://earthobservations.org/geoss_call_aip.shtml  

 

 
How to read this document: 
• Interested in the system-of-system strategy for GEOSS? – See Section 2. 
• Interested in the Earth observations, metadata and quality? – See Section 2.3.5.1. 
• Interested in service-oriented architecture? – See Section 4. 
• Interested in components and use cases for deployment? – See Section 0. 
• Interested in operational components and capacity building? – See Section 5. 
 

This architecture document provides a comprehensive description of GEOSS.  For a 
summary of the focus in AIP-5 see the AIP-5 CFP Summary.   
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GEOSS AIP Architecture 
1 Overview  
1.1 Call for Participation 
This document defines the architecture used in the GEOSS Architecture Implementation 
Pilot (AIP). Requirements were identified from the GEOSS Ten-Year Implementation 
Plan and from the GEO Tasks undertaken by GEO Members and Participating 
Organizations. This architecture was developed based upon the multiple phases of AIP. 

This document has been prepared as part of the Call for Participation (CFP) in AIP-5.  
The three documents of the AIP-5 CFP package should be read as a set as each provides 
provide vital information for understanding the process and priorities of AIP-5.  This 
architecture document provides a comprehensive framework for the overall development. 

This document provides just an overview of the results of extensive development by 
hundreds of individuals from GEO Members and Participating Organizations.  A list of 
individuals that have contributed to the current and previous versions of this architecture 
document is provided in Section 8 - Contributors.  

1.2 Architecture Viewpoints 
This architecture was developed using RM-ODP:  ISO/IEC10746, Information 
technology — Open Distributed Processing — Reference model.  The RM-ODP 
standards are used in multiple geospatial and earth observation architectures, e.g., the ISO 
19100 series of geographic information standards, and the OGC Reference Model.  
Following the RM-ODP process is also in line with the existing efforts of numerous 
Spatial Data Infrastructure (SDI) efforts that work towards providing geospatial services.  
RM-ODP defines five viewpoints that separate the various concerns in developing an 
architecture.  A summary of RM-ODP Viewpoints is provided in Table 1.  

Table 1 – Architecture Viewpoints 
Viewpoint Name Description of RM-ODP Viewpoint as used herein 

Enterprise  Articulates a “business model” that should be understandable by all 
stakeholders; focuses on purpose, scope, and policies. 

Information  Focuses on the semantics of the information and information processing 
performed, by describing the structure and content types of supporting 
data.   

Computational  Service-oriented viewpoint that enables distribution through functional 
decomposition of the system into objects that interact at interfaces. 

Engineering  Identification of component types to support distributed interaction 
between the components.  

Technology  Identification of component instances as physical deployed technology 
solutions, including network descriptions. 
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2 Enterprise Viewpoint  
2.1 GEOSS strategic vision and targets1 
2.1.1 GEOSS defined 
The Global Earth Observation System of Systems (GEOSS) is a coordinating and 
integrating network of Earth observing and information systems, contributed on a 
voluntary basis by Members and Participating Organizations of the intergovernmental 
Group on Earth Observations (GEO). 

2.1.2 GEOSS vision and purpose 
The vision for GEOSS is to realize a future wherein decisions and actions for the benefit 
of humankind are informed by coordinated, comprehensive and sustained Earth 
observations and information. 

The purpose of GEOSS is to achieve comprehensive, coordinated and sustained 
observations of the Earth system, in order to improve monitoring of the state of the Earth, 
increase understanding of Earth processes, and enhance prediction of the behaviour of the 
Earth system. GEOSS will meet the need for timely, quality long-term global information 
as a basis for sound decision making, and will enhance delivery of benefits to society in 
the following initial areas: 

• Reducing loss of life and property from natural and human-induced disasters; 
• Understanding environmental factors affecting human health and well-being; 
• Improving management of energy resources; 
• Understanding, assessing, predicting, mitigating, and adapting to climate 

variability and change; 
• Improving water-resource management through better understanding of the water 

cycle; 
• Improving weather information, forecasting, and warning; 
• Improving the management and protection of terrestrial, coastal, and marine 

ecosystems; 
• Supporting sustainable agriculture and combating desertification; 
• Understanding, monitoring, and conserving biodiversity. 

GEOSS is a step towards addressing the challenges articulated by the United Nations 
Millennium Declaration and the 2002 World Summit on Sustainable Development, 
including the achievement of the Millennium Development Goals. GEOSS will also 
further the implementation of international environmental treaty obligations.” 

                                                
1 For more information on the topics in this section see “GEOSS Strategic Targets,” GEO-VI Plenary, Document 12 (Rev 1), 17-18 
November 2009.  http://www.earthobservations.org/documents/geo_vi/12_GEOSS%20Strategic%20Targets%20Rev1.pdf  
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2.1.3 GEOSS strategic targets  
AIP-5 supports achievement of the following GEOSS Strategic Targets: 

• Architecture 
Achieve sustained operation, continuity and interoperability of existing and new systems that 
provide essential environmental observations and information, including the GEOSS Common 
Infrastructure (GCI) that facilitates access to, and use of, these observations and information. 

• Data Management  
Provide a shared, easily accessible, timely, sustained stream of comprehensive data of 
documented quality, as well as metadata and information products, for informed decision making. 

• Capacity Building 
Enhance the coordination of efforts to strengthen individual, institutional and infrastructure 
capacities, particularly in developing countries, to produce and use Earth observations and 
derived information products. 

• Science and Technology 
Ensure full interaction and engagement of relevant science and technology communities such that 
GEOSS advances through integration of innovations in Earth observation science and technology, 
enabling the research community to fully benefit from GEOSS accomplishments. 

• User Engagement 
Ensure critical user information needs for decision making are recognized and met through Earth 
observations. 

• Agriculture  
Improve the utilization of Earth observations and expanded application capabilities to advance 
sustainable agriculture, aquaculture, fisheries and forestry in areas including early warning, risk 
assessment, food security, market efficiency, and, as appropriate, combating desertification. 

• Disasters 
Enable the global coordination of observing and information systems to support all phases of the 
risk management cycle associated with hazards (mitigation and preparedness, early warning, 
response, and recovery). 

• Energy 
Close critical gaps in energy-related Earth observations and increase their use in all energy 
sectors in support of energy operations, as well as energy policy planning and implementation, to 
enable affordable energy with minimized environmental impact while moving towards a low-
carbon footprint. 

• Health 
Substantially expand the availability, use, and application of environmental information for 
public health decision-making in areas of health that include allergens, toxins, infectious diseases, 
food-borne diseases, and chronic diseases, particularly with regard to the impact of climate and 
ecosystem changes. 

• Water 

Produce comprehensive sets of data and information products to support decision-making for 
efficient management of the world's water resources, based on coordinated, sustained 
observations of the water cycle on multiple scales. 
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2.2 System of systems  
2.2.1 Enterprise components 
As a “system of systems”, GEOSS is composed of contributed Earth Observation 
systems. Although all GEOSS systems continue to operate within their own mandates, 
GEOSS systems can leverage each other so that the overall GEOSS becomes much more 
than the sum of its component systems. This synergy develops as each contributor 
supports common arrangements designed to make shared observations and products more 
accessible, comparable, and understandable.2 

 
Figure 1 – A Global Earth Observation System of Systems GEOSS 

As a federated system, GEOSS grows more useful as components are contributed. 
Examples of components include observing systems, data processing systems, 
dissemination systems, capacity building or other initiatives. The GEOSS Strategic 
Guidance Document sites several components already contributed to GEOSS:  

• Components to acquire observations: based on existing local, national, regional 
and global systems to be augmented as required by new observing systems; 

• Components to process data into useful information: recognizing the value of 
modeling, integration and assimilation techniques as input to the decision support 
systems required in response to societal needs; and 

• Components required to exchange and disseminate observational data and 
information: including data management, access to data, and archiving of data and 
other resources. 

                                                
2 GEOSS Strategic Guidance Document, GEO Task Team AR-06-02, 14 Dec. 2006 
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2.2.2 GEOSS Common Infrastructure 
In order to meet several core functions of the System of systems approach to GEOSS, a 
set of components have been design and deployed.  This set of shared common 
infrastructure is known as the GEOSS Common Infrastructure (GCI). The GCI allows the 
user of Earth observations to access, search and use the data, information, tools and 
services available through the Global Earth Observation System of Systems.  

Details on the deployed operational components of the GCI is provided in Section 6.2. 
Each element of the GEOSS Common Infrastructure has been contributed by GEO 
Members and Participating Organizations. Their commitment and generosity in assuring 
its operation and continuity will remain vital to the success of GEOSS.  

2.2.3 GEOSS users and functions  
As with the Internet on which it is largely based, GEOSS will be a global and flexible 
network of content providers allowing decision makers access to an extraordinary range 
of information. A core element of the AIP process is the deployment of societal benefit 
Scenarios through cross-cutting Use Cases.  Use Cases are reusable functions deemed 
most essential to using GEOSS.  The GEOSS use cases provide easy, familiar processes 
for providers to publish GEOSS components, as well as for users to discover and access 
them across many communities of practice.  A summary of GEOSS AIP Use Cases is 
shown in Figure 2 with details provided in Section 5.5.  In addition to the actors shown in 
Figure 2 the GEOSS Actors involved in GEOSS use cases are listed in Table 2. 

Publish 
Resources  

Discover 
Resources   

 Visualize 
and Access    

Process and 
Automate 

Maintain and 
Support SoS   

GEOSS  
User 

GEOSS  
Resource 
Provider 

 
Figure 2 – GEOSS AIP Use Case Summary Diagram 

Table 2 – GEOSS Actors 
Actor Description Role Type 
GEOSS User Discovers, consumes, and exploits GEOSS resources Principal 
GEOSS Resource 
Provider 

Deploys, operates, registers GEOSS resources Principal 

SBA Integrator Builds network of organizations and components to 
achieve objectives on an SBA community 

Secondary 

GCI Operator Operates GCI components and approves registrations Administrative 
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2.2.4 Interoperability arrangements 
GEOSS depends on resource providers accepting and implementing interoperability 
arrangements, including technical specifications for collecting, processing, storing, 
and disseminating shared data, metadata, and products.  GEOSS interoperability is based 
on non-proprietary standards, with preference to formal international standards.  
Interoperability is focused on component interfaces thereby minimizing impact on 
systems other than those interfaces to the shared architecture. 

GEOSS Components are bound by the requirements on contributed systems as stated in 
The GEOSS 10 Year Implementation Plan and its companion Reference Document. 
These stated requirements, referenced in GEOSS documents as "interoperability 
arrangements", are being further expanded, clarified, and otherwise modified over time. 
Any new GEOSS Component is understood to be bound by the GEOSS interoperability 
arrangements as documented at the time it was contributed3.  

The “Process for Reaching GEOSS Interoperability Arrangements” document defines the 
steps by which an interoperability arrangement is determined including the activities of 
the Standards and Interoperability Forum (SIF).  

This GEOSS AIP Architecture depends greatly on Interoperability Arrangements in 
particular in Information and Computational Viewpoints. 

2.2.5 Data sharing principles 
The GEOSS 10 Year Implementation Plan defines the GEOSS Data Sharing Principles:  

"There will be full and open exchange of data, metadata, and products 
shared within GEOSS, while recognizing relevant international 
instruments and national policies and legislation. All shared data, 
metadata, and products will be made available with minimum time delay 
and at minimum cost. All shared data, metadata, and products for use in 
education and research will be encouraged to be made available free 
of charge or at no more than the cost of reproduction.” 

GEOSS has committed to: 1) maximize the number of documented datasets made 
available on the basis of full and open access; 2) create the GEOSS Data Collection of 
Open Resources for Everyone (GEOSS Data-CORE), a distributed pool of documented 
datasets with full, open and unrestricted access at no more than the cost of reproduction 
and distribution; and 3) develop flexible national and international policy frameworks to 
ensure that a more open data environment is implemented, thus putting into practice 
actions for the implementation of the GEOSS Data Sharing Principles; 

                                                
3 GEOSS Components Registration, GEO Task Team AR-06-04, 26 January 2007. 
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2.3 Societal benefit areas in AIP-5 
2.3.1 Disasters preparedness and mitigation 
Typical areas of interest for responding to this section are the earthquakes, landslides, 
floods, tropical cyclones, wildfires and volcanic eruptions. 
2.3.1.1 Disaster management community objectives  

On behalf of the GEO Disaster community, GEO has set the following Strategic Target4: 
Before 2015, GEO aims to enable the global coordination of observing and information 
systems to support all phases of the risk management cycle associated with hazards 
(mitigation and preparedness, early warning, response, and recovery). 

This will be achieved through: 
• More timely dissemination of information from globally-coordinated systems for 

monitoring, predicting, risk assessment, early warning, mitigating, and responding 
to hazards at local, national, regional, and global levels; 

• Development of multi-hazard and/or end-to-end approaches, as appropriate to 
meet the needs for disaster risk reduction, preparedness and response in relevant 
hazard environments; 

• Supporting the implementation of the priorities for action identified in the Hyogo 
Framework for Action 2005-2015: Building the resilience of nations and 
communities to disasters (HFA). 

This will be demonstrated by: 
• Improved use of observations and related information to inform policies, 

decisions and actions associated with disaster preparedness and mitigation. 
• More effective access to observations and related information to facilitate 

warning, response and recovery to disasters. 
• Increased communication and coordination between national, regional and global 

communities in support of disaster risk reduction, including clarification of roles 
and responsibilities and improved resources management. 

• Improved national response to natural and man-made disasters through delivery of 
space-based data, resulting from strengthened International Charter on "Space and 
Major Disasters." 

• Support to the successful implementation of the Hyogo Framework for Action 
2005-2015. 

2.3.1.2 GEO approach to disaster management 

Recognizing the complex and interdependent nature of the global integrated Earth 
system, GEO uses an inter-disciplinary approach to address the objectives and priorities 
in the Disasters SBA. GEOSS is integrating Earth observations with other information to 
help planners reduce vulnerability, strengthen preparedness and early-warning measures 
and, after disaster strikes, rebuild housing and infrastructure in ways that limit future 
risks.  

                                                
4 GEOSS Strategic Targets (from GEO-VI Document 12 Rev1) 
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GEOSS is also helping to reduce risk over the long term by providing a better 
understanding of the relationship between natural disasters and climate change. Climate 
forecasts must become an integral part of sustainable development planning and of 
strategies for adaptation and risk management. 

By making it possible to integrate different types of disaster-related data and information 
from diverse sources, GEOSS aims to strengthen analysis and enable informed decision 
making for disaster response and risk reduction.  
2.3.1.3 Priority Information for Disasters 

Facilitating use of data and information is a key contribution of GEOSS to the user 
communities. From the Critical Earth Observation Priorities report, published by GEO 
task US-09-01a in April 2011, land-related parameters dominate the list of critical Earth 
observations for the Disasters SBA5. 

• Elevation/Topography • Precipitation 
• Surface Deformation • Wind Properties 
• Soil Properties • Seismicity 
• Atmospheric Properties • Flood Monitoring Properties 
• Wave Properties • Stream/River Properties 
• Gravity Field • Water Properties 
• Ice/Snow Properties • Magnetic Field 
• Thermal Properties 

Also important information for the Disasters SBA is to encompass data sources 
supporting real-time, or time sensitive applications: 

• Incident Reporting  Task Dispatch 
• Peer to peer Team Communications 

Reference material: 
• GEO task DI-01 Informing Risk Management and Disaster Reduction 
• GEO Task IN-02 Earth Data Sets 
• AIP-2 Disaster Management Engineering Report6 
• AIP-3 Disaster Management Engineering Report7 
• AIP-3 Data Harmonization Engineering Report 
• Alert Messaging: CAP, OGC Open GeoSMS (See Section 3.6) 

2.3.1.4 Disasters SBA Task, Systems and Projects 
The relevant GEO SBA task in the GEO 2012-2015 Work Plan, section 3 is the DI-01 
Disasters task. The Systems and Projects identified contributions to the task are: 

• ESA-funded review for improving access to the International Charter Space and Major Disasters 
in Africa 

• In-kind contributions in support of the Supersites initiative from ESA, UNAVCO, USA 
(University of Miami), and several space agencies 

• Caribbean Satellite Disaster Pilot and Namibia Flood project co-funded by Canada (CSA), USA 
(NASA), CEOS and others 

• Related activities of the Chinese Academy of Disaster Reduction and Emergency Management 
(http://adrem.org.cn/). GIS-based disaster assessment system covering earthquake, flood, 
landslide, debris flow, forest fire, and tsunami 

                                                
5 http://sbageotask.larc.nasa.gov/Final_SBA_Report_US0901a_Apr2011.pdf 
6 http://www.ogcnetwork.net/AIP2ERs 
7 http://www.ogcnetwork.net/AIP3ERs 
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• SERVIR regional visualization and monitoring system (http://www.servir.net) supported by USA 
(NASA, USAID) 

• EC (GMES) Emergency Management Service 
(www.emergencyresponse.eu/gmes/en/ref/home.html) 

• Sentinel Asia Geographic Information System catalogue maintained by Japan (JAXA) 
(https://sentinel.tksc.jaxa.jp/sentinel2/topControl.action) 

• Satellite constellations committed to provide data through the International Charter in case of 
major disasters 

• International Charter Space metadata catalogue maintained by France (CNES) 
(http://www.disasterschartercatalog.org) 

• South African Risk and Vulnerability Atlas (SARVA) (http://www.rvatlas.org) 
• Supersites Web Portal (http://supersites.earthobservations.org) including ESA's Virtual Archive 

cloud infrastructure 
• Global Seismographic Network (GSN; http://www.iris.edu/hq/programs/gsn) 
• Global Earthquake Model (GEM) facility (http://www.globalquakemodel.org/model-facility), 

including the GEM's risk assessment platform (OpenGEM) and the OpenQuake software 
• Sensor network of German Indonesian Tsunami Early Warning System, including ocean bottom 

units, buoys and tide gauges 
• Global Fire Danger Forecast Web Portal (www.fire.uni-freiburg.de/gwfews/forecast_ews.html) 
• Global Fire Information Management System (GFIMS, http://www.fao.org/nr/gfims/gf-home/en/) 
• Caribbean regional platform for sharing geospatial data and maps relevant to atmospheric risk, 

supported by Italy (CIMH) 
• Namibia flood sensor-web portal (http://geobpms.geobliki.com/namibia) 

2.3.1.5 Disasters preparedness and mitigation focus in AIP-5  
As the design and interoperability task of GEOSS, AIP-5 is aiming at a set of 
recommendations to improve the GEOSS architecture’s ability to support and strengthen 
the implementation of the DI-01 task components. The focus of the AIP-5 activities in 
support to the task “DI-01 Disasters”: 

• Develop scenarios and use cases for a global network of in-situ observation sites to for 
information in the disasters preparedness and mitigation cycle.  This includes promoting 
and providing technical guidance on the implementation of accepted GEOSS standard for 
exchanging information across workflows related to the risk management cycle 
associated with hazards (mitigation and preparedness, early warning, response, and 
recovery). 

• Collaborate with CEOS WGISS GA.4. Disasters Project to fully utilize remote sensing 
resources for disaster management.  In particular, contribute to the CEOSS document: 
“GEOSS Architecture for the use of Satellites for Disasters and Risk Assessment.” 

• Develop mobile client applications for disaster response. Implement Geosync 
mechanisms to synchronize the up-to-date information, e.g. provide short warnings 
(location, date/time, type, severity) to be pushed to mobile devices. 

• Establish a mechanism of realizing space-based earth observations availability through 
GCI to benefit the international or regional disaster management agencies to coordinate 
the satellites resources and/or to task satellites. 

• Leverage and demonstrate agile service(s) providing user authentication mechanism, and 
contributing to the progressive establishment of a distributed, GEOSS wide, single sign-
on capability (see Section 4.7). 

The AIP-5 ‘Disasters’ activities will be carried out in close cooperation with GEO Task 
DI-01 and the GEO Secretariat (For disasters the contact is Francesco Gaetani.) 
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2.3.2 Health: AQ and Waterborne 
2.3.2.1 Health Community Objectives 

The AIP-5 Health thread concentrates in particular on cholera and air pollution. The 
relationship between industrial pollutant exposure and adverse respiratory outcomes has 
been well documented in the scientific literature. Much debate exists around causality of 
effects, role of specific pollutants and the populations particularly vulnerable to elevated 
pollution. Although certain pollutants, such as oxides of nitrogen, particulate matter and 
sulfur dioxide are known to result in adverse out-comes, the ability to use this 
information in developing interventions to improve the life of affected and vulnerable 
sub-populations is limited. Research has shown that acute as well as chronic respiratory 
and cardiovascular diseases are highly influenced by ambient air pollution concentration 
(Strickland et al. 2010; McConnel et al. 2010).  

Cholera is still a major concern in the world. According to the Weekly Epidemiological 
Record published by the WHO (2009), global trends in the incidence of cholera have 
increased steadily since the beginning of the millennium, when analysed by 5-year 
periods. The African continent is the most affected by cholera outbreaks, i.e. on average 
about 94% of all the cases reported in the world on a yearly basis originated from the 
African continent for the period 2000-2008 (WHO, WER’s 2001 till 2009); in particular, 
sub-Saharan Africa accounts for the bulk of the worldwide cholera caseload, and has  

The temporal and spatial resolution and coverage of data and information on local and 
regional conditions are important. All case studies shall focus on the development of 
mechanisms to enable the re-use of large datasets collected from different types of 
sensors and to interrogate these datasets in meaningful ways, in conjunction with health 
data. The linkages between field sampling and laboratory research results and EO data 
and information also needs to be demonstrated. 
2.3.2.2 GEO Approach to Health 

Correlations between environmental data and health data do not imply cause-effect 
relationships and do not explain the underlying patterns in the health data. Such 
correlations may not exist or the significance of the correlation may differ when applied 
to other areas with different local conditions. It is therefore also necessary to use in-situ 
data and laboratory results to support relationships found when using remotely sensed 
data. Importantly, such data also aids in contextualizing the results. This may deepen the 
body of knowledge about linking health data with EO data. 

In terms of cholera, an approach that optimizes the timely deployment of often scarce 
resources such as skilled personnel and money is needed to reduce the number of cholera 
cases. Intervention strategies such as vaccination programs are temporary measures and 
can, for example, be very costly, but can be more effective when combined with an early 
warning system based on EO data and information that captures accurately the temporal 
and spatial characteristics of the disease dynamics on the local scale.  

In terms of air pollution, the overall goal of AIP-5 shall address the development of an 
online information system in order to identify health alerts and to inform about current 
environmental exposition risks for defined environmental parameters in the investigated 
area. The environmental phenomena to be considered may include among others ozone, 
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particular matter, nitrogen dioxide, extreme temperature events and pollen. Health effects 
that shall get investigated are especially cardiovascular disease, asthma and allergic 
disease. 
2.3.2.3 Priority Information for Health 

• Critical Earth Observation Priorities report, published by GEO task US-09-01a in 
April 2011 http://sbageotask.larc.nasa.gov/Final_SBA_Report_US0901a_Apr2011.pdf. 

• All earth observation parameters that may affect the ecology of vibrio cholera.  

• All earth observation parameters that allow calculating air pollution at ground 
level 

2.3.2.4 Health SBA Task, Systems and Projects 

• SB-02, HE-01, HE-02, CL-01, WE-01 

• EO2HEAVEN 
2.3.2.5 Health Focus in AIP-5  

The main purpose in AIP-5 is to provide a framework for developing systems and tools 
that integrate health data, environmental variables, including climate processes and 
factors, and understandings of waterborne disease ecology.  

The development of a system will facilitate the following: 
§ The linking of environmental data with health data where the environmental data 

are obtained from satellite sensors and sensors based on the land and in the water 

§ The integration of the findings and results of the analyses of time series data  
§ The incorporation of laboratory results obtained from analyzing  

§ Research on the influence of various climatic and environmental variables on the 
dynamics of the cholera bacterium and the disease itself 

This framework should create an environment for researching simulation and prediction 
models for the understanding of cholera outbreaks and the relationship between air 
pollution and adverse health effects. Ideally, such a system would be generic enough, or 
could be made generic in future, that other similar environmentally related disease 
investigations could utilize them 
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2.3.3 Water Resource Observations 
2.3.3.1 Water SBA Community Objectives 

The Global Earth Observation System of Systems seeks to fill in existing information 
gaps about water resources, integrating data sets from various monitoring systems, 
developing better forecasting models, and disseminating the results to a wider range of 
decision makers.  
2.3.3.2 GEO Approach to Water Resources 

To address the heterogeneity of data sources in the hydrologic domain and to facilitate 
exchange of hydrological data across organizational borders the Water SBA will 
contribute to international standardization processes.  Work will focus on the 
development of use cases to enhance the GEOSS architecture and implementations so 
that the benefits of an interoperable global exchange of a broad range of hydrological 
data through GEOSS are demonstrated. 

Figure 3 shows the components of the water cycle 

 
Figure 3 – Components of the water cycle 

2.3.3.3 Priority Information for Water Resources  
Critical Earth Observation Priorities report, published by GEO task US-09-01a in 

April 2011 http://sbageotask.larc.nasa.gov/Final_SBA_Report_US0901a_Apr2011.pdf. 
GEO Workplan 

2.3.3.4 Water SBA Task, Systems and Projects 

• GEOSS Water Task- WA-01 in the GEO 2012-2015 Work Plan is called 
Integrated Water Information. This task involves researching and implementing 
technologies that combine water-level data from satellite-based radar altimeters 
with data from ground-level, in-situ monitors. This will improve the ability of 
water managers to map the water cycles of major rivers. 

• WaterML background.  WaterML stands for Water Markup Language. It is a 
standardized dialect of XML designed for transmitting hydrological data over the 
Internet via web services.  By standardizing the way that hydrological data is 
queried, it becomes easy to access data from all across the world. And, because 
the data returned is encoded in a standardized format, a single web map can easily 



GEOSS AIP Architecture: AIP-5 CFP Version 

17 

ingest the data from any number of sources. The Open Geospatial Consortium 
(OGC) and World Meteorological Organization (WMO) have created a 
Hydrology Domain Working Group to help steward the process of designing 
WaterML 2.0, which will be the official OGC standard for encoding 
hydrological data. WaterML 2.0 will carry on the legacy of WaterML, which is 
the sharing of hydrologic observations data for the betterment of the global 
community. As it continues to gain international acceptance, including OGC 
certification, more governments will begin using it to publish their data. One day, 
we hope that the entire world’s hydro data will be accessible in a standard 
language.   

• Relevant Water Information Sharing Projects 
• Global  

World Water Online , GEOWOW Water SBA,  World Hydrological Cycle Observing System, 
Consortium of Universities for the Advancement of Hydrologic Science, Inc., Global Runoff Data 
Center, Open Geospatial Consortium Hydro Domain Working Group,World Meterological 
Organization Hydrology and Water Resources 

• Regional  
GEOSS Great Lakes Testbed 

2.3.3.5 Water SBA Focus in AIP-5  

• Improve access and use of Water Information in GEOSS 
As the design and interoperability task of GEOSS, AIP 5 will provide 
recommendations to improve the GEOSS architecture’s ability to implement WA-
01. In AIP-5, it is intended to examine how WaterML services for water 
observations data can be registered in GEOSS, and in particular how a network of 
water observations sites can be described as a mapping service that includes links 
to the WaterML web services for the observations data for those sites.  

• Develop uses cases for WaterML implementation 
Flood forecasting in areas such as Burma, Malaysia and Indonesia could serve as 
example use cases.  

• Engage participants to actively participate who have a stake in collecting, 
processing, analyzing, publishing and using hydrologic information. 

o Data Producers- bear responsibility for selectively maintaining data 
resources which have been developed at considerable public or private 
expense. 

o Data Managers- assemble and manage data archives, and require cost 
effective means to assemble those archives in cases where the constituent 
data must be assembled from far ranging sources. 

o Data Users- increasingly are seeking hydrologic data with which to carry 
out relevant analysis. 
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2.3.4 Energy  
2.3.4.1 Energy Community Objectives 

The energy sector is nowadays facing an increasing demand of Earth observation related 
products for all ranges of activities (solar, wind, biomass, hydropower, geothermal, 
ocean…). Such Earth observation products help practitioners in their daily work to 
improve decision-making for example in support of renewable energy and energy-
efficient technology optimization. Increasing the use of Earth observation resources to 1) 
Assess the prediction of potential hazards to the energy infrastructure; 2) Assess the 
prediction of the production of intermittent sources of energy; and 3) allow the mapping 
of renewable energy potential, will improve the management of energy resources as a 
whole. 

The Energy Community of Practice works to promote application of Earth observations 
and information in order to improve management of energy resources. Active in GEO for 
many years, the Energy Community of Practice has engaged stakeholders via 
professional societies, conferences, publications, and other communications, and 
educated end-users about the utility of global products from satellite observations. The 
Community of Practice involvement in various energy management applications yielded 
significant results in national and international energy programs through the transfer of 
science results to improve decision-making. 
2.3.4.2 GEO Approach to Energy 

Energy and especially Renewable Energy Sources (RES) such as solar and wind energy 
offers a large untapped potential for electricity production. The exploitation of these 
energies requires accurate knowledge of Earth observation resources and of their 
availability (in space and time) in the different phases of an energy system life cycle. For 
instance, the site selection process for development of large solar systems, such as 
photovoltaic (PV) on open land, require data on time-averaged values of solar irradiance 
from which basic economic assessments of a plant concept can be made. Accurate, easy 
accessible and affordable wind information is needed at different levels of detail before 
deciding the sitting of a wind park as well as during the life- cycle of a wind farm. An 
error of a few percent in wind resource evaluation may drastically affect the profitability 
of an offshore wind park. Figure 4 shows a typical energy systems life cycle approach. 

 
Figure 4 – Energy Systems Life Cycle 

From a market point of view there is a need for appropriate and stable political and 
economic framework conditions. The cascade of steps (see Figure 5) for the successful 
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development of renewable energy starts with analysis of the available resources. These 
can include maps of wind speeds, annual solar irradiance or available biomass. This 
information can be combined with data on available area necessary for the deployment of 
different technologies (e.g. roof or land area for PV, land area with suitable irradiance 
levels or wind speed for concentrating solar power and wind power) to determine the 
technically feasible resource potential of different technologies. 

Political + Econom
ic Fram

ew
ork

Resource mapping

Potentials

Scenarios

Strategies

Instruments

Investments
Private investors need 
resource data for 
investments

Private investors need 
resource data for 
investments  

Figure 5 – The cascade steps for market introduction of renewables 

2.3.4.3 Priority Information for Energy 

Among data sources needed for Energy that match the Energy SBA available resources 
listed in the GEO 2012-2015 Work Plan, Surface Solar Radiation is a key Priority Earth 
Observation parameters. Derived datasets such Global Horizontal Irradiation (GHI), 
Direct Normal Irradiation (DNI) as well as Air and Surface Temperature are also 
considered of high interest. All those parameters are listed in the Energy 15 most critical 
observations parameters of the Critical Earth Observation Priorities report, published by 
GEO task US-09-01a in April 2011. 

From a market expectation in addition to Solar Radiation and Air and Surface 
Temperature parameters, several others datasets are needed to improved decision making 
for e.g. PV systems installation. This includes Land-cover, Wind Speed, Digital Elevation 
Models (DEM) datasets as well as derived parameters such distance to the grid.  

All this datasets are of high interest not only for the Energy SBA but can also leverage 
cross SBA application’s development. 
2.3.4.4 Energy SBA Task, Systems and Projects 

The main task as summarized in the Energy section of the GEO 2012-2015 Work Pan is 
to provide tools and information for the resource assessment, monitoring and forecasting 
of energy sources (including solar, wind, ocean, hydropower, and biomass) and 
geological resources (including mineral and fossil resources, raw material and 
groundwater). 
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Priority Actions are listed below: 
• Develop products and services required in order to assess countries' potential for 

energy production. Foster the use of Earth observation and information in energy-
policy planning 

• Identify user needs for specific energy data sets (including solar, wind, ocean, 
hydropower, and biomass, geothermal) 

• Promote the use of Earth observations for the mapping of geothermal resources, 
with a focus on the East African Rift System (EARS). Locate geothermal 
anomalies using thermal and mineral mapping under different climate conditions 
(desert, savannah, rain forest) 

• Develop a Bio-Energy Atlas for Africa to provide information on the quantity, 
distribution, usage, and quality of biomass. Provide Net Primary Production data 
and bio-energy potential prognosis-maps at 1 km resolution from the year 2000 
onwards. Derive assessments of vegetation-cover degradation or changes  

• Encourage training of decision-makers at all relevant levels for interpreting 
relevant data and products 

Current (still open) available resources helping at implementing Energy SBA objectives 
include: 

• European FP7 projects ENDORSE (ENergy DOwnstReam SErvices - Providing 
energy components for GMES; 2011-2013); AEGOS legacy; EnerGEO (Earth 
Observation for Monitoring and Assessment of the Environmental Impact of 
Energy Use 2009-2013) 

• German (DLR) Biomass model BETHY; German “Presence Network” providing 
land-use change and ecosystem-services information, as well as ground truth 
sampling for biomass 

2.3.4.5 Energy Focus in AIP-5  

Contribution from already identified international projects that cover the scope of AIP-5 
address the following topics: 

• Creation of local atlases for decision-support in solar energy policy planning and 
private investment. 

• Biomass potential mapping for forested area. 
Others topics area such as wind, hydropower, geothermal, ocean… are to be considered 
in the scenario based approach of AIP-5. 
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2.3.5 Agriculture 
2.3.5.1 Agriculture Community Objectives 

Agriculture is the crucial component of societal well-being and food security. 
Information on the agriculture production condition and outcome has been linked to 
many aspects of socio-economic activities and decision making. It is also directly used in 
the trade of agriculture commodities. Timely acquisition and provision of agricultural 
condition, crop progress, and production on large scale are highly desired by many 
sectors beyond the agricultural community. Earth Observations (EO) have proved to be 
the most effective means to acquire and produce such information in a timely fashion. 

Agricultural decision makers and practitioners require: (1) timely crop growth condition 
report, (2) crop progress stage monitoring, and (3) crop production and yield projection. 
Such information should be available in a timely fashion, especially during the growing 
season.  Condition and progress maps/reports, and yield estimation should be publicly 
accessible. In other words, ideally those agriculture data and information products should 
be fully and openly exchanged while privileges and rights of the product owners are 
protected. The products should be available at minimum time delay and minimum cost, 
and should be free or at minimal cost for research and education. 

Agricultural information requirements can be met with the development of time series 
moderate resolution satellite observations, open geospatial standards, and expanded 
virtualization of computing hardware, software, and service in the Web environment and 
cloud computing cyberinfrastructure. Data collected by satellite-based sensors, such as 
Moderate Resolution Imaging Spectroradiometer  (MODIS), Advanced Wide Field 
Sensor (AWiFS), Landsat, and Satellite Pour l’Observation de la Terre (SPOT), have 
been extensively and successfully used for cropland classification, crop condition 
monitoring, crop progress stage estimation, and yield prediction for large geographic 
areas. Open geospatial specifications, such Web Feature Service (WFS) and Web Map 
Service (WMS), meet the needs of timely delivery and seamless interoperation.  

The goal of this agriculture SBA pilot is to leverage the advancement of Earth 
Observations, open geospatial standards, and computing powers in serving the 
agricultural decision makers with timely and objective crop progress condition and 
production information. Near-term objectives in AIP-5 will be: (1) enabling Earth 
Observation based crop condition and progress reporting, (2) fostering collaboration and 
sharing of the information through networking and partnership, (3) providing open, on-
demand data analysis and results access in a timely fashion, and (4) integrating the results 
in a visible Web presence – portal and interoperable services 
2.3.5.2 GEO Approach to Agriculture 

To meet the needs of agricultural decisions makers for crop growth, progress, and yield 
estimation information, the community should extensively use satellite based Earth 
Observations for achieving timely response, open geospatial standards for achieving 
seamless integration, and Web service-oriented computing for providing customized 
products with short latency. Figure 6 shows an example of overall process that derives 
and serves EO-based crop condition and progress information through open geospatial 
standards/protocols. 



GEOSS AIP Architecture: AIP-5 CFP Version 

22 

Two core enablement technologies of this approach are Earth Observations and open 
geospatial standards/specifications. Considering the tradeoff of spatial resolution and 
processing time, the moderate-resolution satellite sensors, such as MODIS, Landsat, 
SPOT, and AWiFS, are most useful for the large-area crop progress and production 
monitoring. Open geospatial specifications are the key in achieving interoperation and 
scalability. Data services can be harmonized through OGC Web Coverage Service 
(WFS), Web Feature Service (WFS), and Sensor Observation Service (SOS). Processing 
services can be enabled and encapsulated in OGC Web Processing Service (WPS). 
Presentation and dissemination can be enabled with OGC data services and Web Map 
Service (WMS). 

 
Figure 6 – Geopsatial Web Services for decision support in agriculture 
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2.3.5.3 Priority Information for Agriculture 

Priority information for agricultural SBA is as follows: 
(1) Daily Normalized Difference Vegetation Index (NDVI) 
(2) Daily vegetation condition index (VCI) 
(3) Crop growth stage map 

2.3.5.4 Agriculture SBA Task, Systems and Projects 

This is related to GEO SBA Task AG-01 Global Agricultural Monitoring and Early 
Warning. The system to be integrated into is its Component C1 - A Global Operational 
Monitoring System of Systems for Agricultural Production, Famine Early-warning, Food 
Security and Land-use Change. 
2.3.5.5 Agriculture Focus in AIP-5  

The followings are specific products to be produced routinely and operationally using 
time series satellite observations: 

(4) Crop condition: daily NDVI and daily VCI 
(5) Crop growth stage: major crop types cover corn and soybean for this phase. 
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3 Information Viewpoint  
3.1 EO Information Model  
The Information Viewpoint focuses on the semantics of the information and information 
processing performed, by describing the structure and content types of supporting data.  
This viewpoint describes topics in Earth Observation information without regard to how 
the information is distributed between GEOSS system components.  The EO Information 
Viewpoint provided in the following is organized in to major groups of topics (Figure 7).   
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Figure 7 – EO Information Viewpoint Topics 

Interoperability with respect to the information viewpoint is the ability to use geospatial 
data resources, such as Earth observation data. Information interoperability requires 
common standards and practices at a several levels8:  

• Machine encoding -- representation of basic data values, e.g. bigendian, byte 
order assumptions, often IEEE standards based, etc. 

• Format encoding -- specifying e.g. order of elements, delimiters, tags etc., e.g. 
NetCDF, GML, etc. 

• Semantic – understanding and reasoning of data values, based on semantics and 
ontology description languages, for example RDF / OWL.  

• Semiotic -- relation of data to reality is quantified so that the data can be used 
appropriately in the given application.  Context and induction are relevant. 

                                                
8 For further detail see the AIP-3 Data Harmonization Engineering Report. http://www.ogcnetwork.net/AIP3ERs  
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3.2 Spatial Referencing 
Spatial Referencing is accomplished in several ways including: Terminology with spatial 
reference, and coordinate reference systems (CRS). Many terms refer to locations near 
the surface of the earth, e.g., place names.  Spatial referencing with identifiers is when an 
identifier uniquely indicates a location, e.g., a postal code. Coordinates are unambiguous 
only when the coordinate reference system to which those coordinates are related has 
been fully defined.  

A geospatial CRS is a coordinate system that has a reference to the Earth. A coordinate 
reference system consists of a coordinate system and a datum. Types of coordinate 
reference systems include: geocentric, geographic (including an ellipsoid), projected, 
engineering, image, vertical, temporal.  Thousands of coordinate reference systems have 
been defined for various applications.  The World Geodetic System (WGS) defines a 
coordinate reference system that is used with Earth Observation data. An International 
Standard for defining the information model of CRSs is provided by ISO 19111, 
Geographic information — Spatial referencing by coordinates (also available as OGC 
Abstract Specification Topic 2 – Spatial Referencing by Coordinates).  

CRS Identifiers are used in datasets and services as a short hand to refer to a 
comprehensive definition of a CRS.  Use of non-standard CRSs can be an issue across 
servers whereby several service providers have apparently used unrecognized CRS 
identifiers in their implementations, hence decreasing the interoperability potential of the 
provided resources.  Issues and misunderstandings about how to specify coordinate axis 
order causes confusion and lack of interoperability. In all cases, honesty is the key. In 
other words, any documentation, encoding, payload, or service interface MUST state how 
the coordinate axis order is actually encoded in the coordinate strings.  The OGC has 
defined an axis order policy that can be used in GEOSS9. 

3.3 Observations and Features 
3.3.1 Observations and Measurements 
Observations of the Earth available in GEOSS encompass all areas of the World, and 
cover in situ, airborne, and space-based observations. GEOSS primarily focuses on issues 
of regional and global scale and cross-sector applications, while also facilitating, if so 
invited, the operation and enhancement of Earth-observing systems that are focused on 
national, local and sector-specific needs. [GEO 10 Year Plan] 

Geophysical observations are the beginning point of our knowledge of the Earth.  An 
observation is an act of observing a property.10  For GEOSS the properties are 
geophysical phenomenon that can be measured by sensors.  The goal of the measurement 
is to produce an estimate of a geophysical parameter.  Measurements are direct 
observations of specific geophysical parameters. These correspond to corrected and 
calibrated data or retrieved environmental variables. Some examples include radiance, 
ocean height, soil moisture, and relative humidity. 
                                                
9 http://www.ogcnetwork.net/node/491 
10 “Observations and Measurements” published as ISO 19156:2011 and OGC Abstract Specification Topic 20.  
http://www.opengeospatial.org/standards/as  
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Observation priorities for the SBAs were identified in the Critical Earth Observation 
Priorities report11, published by GEO task US-09-01a in April 2011. The report identifies 
the earth observation parameters used most often in different societal benefit areas (Table 
3).  The GEO Ontology Task with support from AIP-4 supported the development of an 
EO Vocabulary related to the priority observations (See Section 3.10) 

 Table 3 – Priority EO parameters and usage in SBAs 

 
Encoding of geophysical observations takes many forms, e.g., NetCDF, HDF, GeoTIFF, 
GeoPDF, GMLJP2, etc.   

A challenge in GEOSS and AIP is to reconcile information interoperability of 
'geophysical parameters' 'geographical features' and ‘environmental models.’  AIP-3 
addressed this issue based in particular on FP7 GIGAS project results12. 

Of particular relevance to AIP-4 Water Resource Management is WaterML.  WaterML 
2.0 is a (nearly complete) OGC encoding standard for the representation of in-situ 
hydrological observations data promoted by the Joint WMO/OGC Hydrology Domain 
Working Group.  WaterML 2.0 is an application schema of GML and using OGC O&M 
standard and OMXML GML Application Schema.  OGC WaterML 2.0 will support 
encoding of hydrological and hydrogeological observation data in a variety of exchange 

                                                
11 http://sbageotask.larc.nasa.gov/Final_SBA_Report_US0901a_Apr2011.pdf. 
12 http://sites.aip3.ogcnetwork.net/home/home/data-harmonization/harmony-telecons/dhgigasda-09-
01bteleconseptember10th2010/GIGASFinalReview-AIP3datainterop.ppt?attredirects=0&d=1  
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scenarios. The goal of WaterML 2.0 is to enable a higher level of interoperability for 
hydrologic time series data. 

3.3.2 Earth Observing Systems (GEO Task IN-01) 
GEO Task IN-01 - Earth Observing Systems - promotes and coordinates surface-based 
and space-based observing systems to provide long-term continuous observations of all 
components of the Earth System (atmosphere, ocean, terrestrial, ice, solid earth).  

The CEOS Mission, Instrument, and Measurements (MIM) database is a compilation of 
space mission, instrument, and measurement information contained in the CEOS Earth 
Observation Handbook. The CEOS MIM database is updated annually from formal 
surveys of CEOS members.   

3.3.3 Geographic Features 
GEOSS draws on existing Spatial Data Infrastructure (SDI) components as institutional 
and technical precedents in areas such as geodetic reference frames, common geographic 
data, and standard protocols. [GEO 10 Year Plan] 

The starting point for modeling of geospatial information is the geographic feature. A 
feature is an abstraction of a real world phenomenon. A geographic feature is a feature 
associated with a location relative to the Earth. A digital representation of the real world 
can be thought of as a set of features. Geographic phenomena fall into two broad 
categories: 1) Discrete phenomena are recognizable objects that have relatively well-
defined boundaries or spatial extent, e.g., buildings, streams; 2) Continuous phenomena 
vary over space and have no specific extent, e.g., temperature, soil composition, and 
elevation. Many components of the landscape may be viewed alternatively as discrete or 
continuous.  

A coverage13 is a feature that associates positions in a space to values, e.g., raster image, 
a polygon overlay, or a digital elevation matrix. A geographic imagery scene is a 
coverage whose range values quantitatively describe physical phenomena. 

Standardized conceptual schemas for spatial and temporal characteristics increase the 
ability to share geographic information among applications. These schemas are used by 
geographic information system and software developers and users of geographic 
information to provide consistently understandable spatial data structures. 

GEOSS might consider developing a methodology for development of application 
schemas.  For consideration, an INSPIRE Drafting Team has developed "Data 
Specifications" Methodology for the development of data specifications  
http://www.ec-gis.org/inspire/reports/ImplementingRules/inspireDataspecD2_6v2.0.pdf 

GML Application Schemas have been developed for several communities: 
• GML Application schema for Earth Observation products 
• GeoSciML 

For additional GML Application Schemas: http://www.ogcnetwork.net/node/210 

                                                
13 OGC Abstract Specification Topic 6 - Schema for coverage geometry and functions 
http://portal.opengeospatial.org/files/?artifact_id=19820 
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3.3.4 GEO Earth Data Sets (Task IN-02) 
GEO Task IN-02 - Earth Data Sets - fosters advances in life-cycle data management, 
including processing, inter-calibration and validation, quality assurance, harmonization, 
archiving, integration, assimilation, modelling, long-term preservation, digitization, and 
visualization.  The task promotes the application of GEOSS interoperability principles to 
Earth data sets so that data are easily accessible and readily integrated to meet users’ 
needs. Support the development and harmonization of global data, metadata, and 
products commonly required across Societal Benefit Areas. 

GEO Task IN-02 aims to provide a suite of global datasets based on improved and 
validated data sources. The task will facilitate interoperability among data sets using the 
framework, structure and methodologies of the GEO Architecture.   These observation 
products are currently under development:  

• Global Land Cover  
• Digital Geological Map Data 
• Global Soil Data 

Development of many more Global Data Sets is needed, e.g., infrastructure, 
administrative boundaries, demographics. 

3.4 Modelling and Data Assimilation 
3.4.1 Related GEOSS Strategic Targets 
GEOSS Strategic Target for Environmental models:  (from GEO-VI Document 12 Rev1) 

Before 2015, GEO aims to demonstrate that linking data, models and 
expert knowledge will provide cost effective answers to vital wide-ranging 
global environmental issues 

This will be achieved through building on the Model Web Approach that was developed 
in the 2009-2011 GEO Workplan.  

This will be demonstrated by: 
• Development of model use 
• Improving access to model data using standards 
• Providing uses cases that involve GEOSS end users using model data 

3.4.2 Integrated environmental models  
Integrated modeling is a systems analysis-based approach to environmental assessment 
that includes a set of interdependent science based components (models, data, and 
assessment methods) that together form the basis for constructing a modeling system 
capable of simulating environmental systems relevant to a well specified problem 
statement.  

The realization of the benefits of this approach is hampered by a number of challenges, 
including the lack of a community wide interchange and consistency and harmonization 
across these various efforts. As integrated modeling projects continue to operate in 
isolation, there is a limited ability to produce reusable and interoperable tools and 
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methods, and the result is less cost effective and less consistent from a science 
perspective14. 

Approaches to achieving these objectives include: 
• Adopt the concepts of NOAA’s Unified Access Framework - Don’t Solve 

Problems copy Success.   
• Leverage NetCDF-CF conventions, THREDDS Catalogs, OPeNDAP, WMS, 

WCS for data access  
• Seek interaction with http://iemhub.org  

3.4.3 Environmental models focus in AIP-5  
As the design and interoperability task of GEOSS, AIP-5 is aiming at a set of 
recommendations to improve the GEOSS architecture’s ability to support and strengthen 
the use and application of earth observations within and between environmental models.  

This activity involves researching and implementing technologies that combine standard 
data and tools for accessing model data 
This includes promoting and providing technical guidance on the implementation of 
accepted GEOSS standard for exchanging information across workflows related to 
discovery, sharing access and use of model data. 

3.5 Maps 
A map is a visualization of geographic information. A map may be a digital image file 
suitable for display on a computer screen; a map is not the data itself.  

The OGC KML Standard is an XML grammar to encode and transport representations of 
geographic data for display in an earth browser, such as a 3D virtual globe, 2D web 
browser application, or 2D mobile application. Put simply: KML encodes what to show 
in an earth browser, and how to show it. Geographic visualization includes not only the 
presentation of graphical data on the globe, but also the control of the user's navigation in 
the sense of where to go and where to look. The OGC KML Standard Development Best 
Practice provides guidelines for developing the OGC KML standard. 

The OGC PDF Georegistration Encoding Best Practice describes an extension to the 
Adobe® Portable Document Format (PDF) for creating PDF objects that identify a region 
of the PDF page as a map and describe the map’s coordinate systems. The intent of this 
specification is to codify existing practice. The intent is not to make this specification an 
OGC standard. An OGC Best Practice should not be referred to as a standard.  

3.6 Alert Messages 
For certain decisions, a simple concise alert message containing location information is 
the optimal information for a user to receive.  

The Common Alerting Protocol (CAP) is a simple but general format for exchanging 
hazard emergency alerts and public warnings over networks. CAP allows a consistent 

                                                
14 Noha Gaber; Gerry Laniak (2010), "White Paper on Integrated Modeling for Integrated Environmental Decision Making," 
http://iemhub.org/resources/146. 
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warning message to be disseminated simultaneously over many different warning 
systems, thus increasing warning effectiveness while simplifying the warning task.  

The OGC Open GeoSMS Standard is an extended Short Message Service (SMS) 
encoding and interface to facilitate communication of location content between different 
LBS (Location-Based Service) devices or applications. SMS is the open text 
communication service standard most commonly used in phone, web and mobile 
communication systems for the exchange of short text messages between fixed line or 
mobile phone devices.  

3.7 Registries and metadata  
The current GEOSS registries and typical usage are shown in Figure 8. They support the 
registration, management, and discovery of GEOSS resources.  GEOSS providers register 
components and services that define the manner in which data can be accessed in an 
interoperable way.  Registered services reference standards and special arrangements that 
are used to implement the services.  The GEOSS provider also registers these standards 
and special arrangements, either directly at the register web interface, or indirectly via the 
service registration process, whereby the Services Register interoperates with the 
Standards Register or Special Arrangements Register.  The Best Practices Register holds 
descriptions of best practices that provide insight into data access using the registered 
services, standards, and special arrangements.  GEOSS providers register best practices. 

The standard for geospatial metadata is ISO 19115: Geographic Information--Metadata. 
This standard facilitates the exchange and integration of data and information by giving 
a standard description of the identification, extent, quality, spatial and temporal scheme, 
spatial reference and distribution specifics of geospatial data.  ISO 19119 provides 
additional service metadata elements and ISO 19139 adds XML encoding rules. Dublin 
Core is also an international standard, although less specific to geospatial data. Following 
the two international standards, National standards and profiles, such as FGDC, should be 
considered. 
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Figure 8 – GEOSS Registers 

 

3.8 Data Policy, Rights Management, and Licenses 

The GEO Data Sharing Working Group (DSWG), previously known as the Data Sharing 
Task Force, has developed a Data Sharing Action Plan15 and a set of Implementation 
Guidelines16 that reflect the GEOSS Data Sharing Principles17.  These guidelines cover 
many areas; those suggested as 2012 priorities by the Infrastructure Implementation 
Board, and to be covered in AIP-5, include user registration and single sign-on (SSO), 
licenses for access and use of data, and data access and use metrics. 
Although GEOSS strongly encourages full and open exchange18 of data, there are 
inevitable instances where data providers will require user registration and adherence to 
certain data access conditions.  User registration will involve user identification and SSO, 
while licensing will involve those licenses compatible with the GEOSS Data-CORE19. 

                                                
15 http://www.earthobservations.org/documents/geo_vii/07_GEOSS%20Data%20Sharing%20Action%20Plan%20Rev2.pdf 
16http://www.earthobservations.org/documents/geo_vi/07_Implementation%20Guidelines%20for%20the%20GEOSS%20Data%20Sh
aring%20Principles%20Rev2.pdf 
17 http://www.earthobservations.org/geoss_dsp.shtml 
18 The expression “full and open exchange” means that data, metadata and products made available through the GEOSS are made 
accessible with minimal time delay and with as few restrictions as possible, on a nondiscriminatory basis, at minimum cost for no 
more than the cost of reproduction and distribution. 
19 The GEOSS Data-CORE is a distributed pool of documented datasets, contributed by the GEO community on the basis of full and 
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Data providers may require that the data accessed by data users be used in only certain 
ways.  It is important to understand that for data made available through the GEOSS, and 
associated with licenses supported by the GCI, these licenses apply to, and travel with, 
the data only, not the service that provided the data. 

The implementation of user registration, GCI-supported licenses, and data use metrics 
must satisfy the interoperability framework that is realized by the GCI.  This will be 
captured in the Use Cases that are listed in the Engineering Viewpoint section, but one of 
the goals is to have any implementation of these items be as uniform as possible with a 
minimum impact on the data users.  With regards to data access conditions and 
restrictions, for any data provider that has taken no position on these within the GCI, 
whether via metadata or a website, the presumption will be that the data are not available 
for access and use until appropriate permissions are obtained directly from the data 
provider.  In this case, the GCI, if possible, can alert the data user to this situation, but 
will not enforce it.  For more information and insight into data access conditions and 
digital rights, see [1] and [2]. 

3.8.1 User Registration 
User registration is a way for data providers to accomplish two main goals: 1) control 
access to data, and 2) record information regarding the use of the data.  In both cases, the 
mechanism used can be applied once or applied each time data access is requested.  Since 
one of the goals of the GEOSS is to provide full and open exchange of data, minimizing 
the impact on data users to access and use data is a primary objective.  A focus of AIP-5 
is to have user registration required once, resulting in some kind of digital identification 
to be used repeatedly by the registered data user in a single sign-on (SSO) scenario.  This 
strategy may have an expiration date associated with the digital identification, requiring 
some sort of renewal process.   

User registration will ultimately involve some mechanism related to a login scenario.  
Under AIP-5, login mechanisms will only be used to deal with authentication and access.  
Authentication refers to the recognition of a valid user, and access refers to which data 
are accessible by a user based upon licensing or other data access conditions and 
restrictions.  The management and implementation of GEOSS user authentication and 
access will be looked at during AIP-5, since there are various ways in which to 
implement this.  A goal is to use SSO.  Some examples of open source solutions for this 
include OpenID20, OAuth21, and Shibboleth22, although in AIP-3 Shibboleth was thought 
to be too heavy a burden on data providers.  

Suggestions for user registration and SSO, as expressed by the DSWG in 2011 include: 
1. As light an impact as possible on the data providers and the GCI. 
2. GEOSS users should utilize an ID service, e.g. OpenID. 
3. GEOSS users should be able to be identified as a “GEOSS User.” 

                                                                                                                                            
open exchange (at no more than the cost of reproduction and distribution) and unrestricted access. 
 
20 OpenID can be found at http://openid.net 
21 OAuth can be found at http://oauth.net 
22 Shibboleth can be found at http://shibboleth.internet2.edu/ 
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4. Collect certain metrics, such as how often a data provider is accessed by GEOSS 
users and what data is accessed by GEOSS users. 

5. The GCI should not be responsible for holding or managing any personal user 
information. 

3.8.2 GEOSS Data-CORE Compatible Licenses 
Data access conditions and restrictions require data providers to implement mechanisms 
that either actively control, or passively inform, how data is to be accessed and used.  For 
the GEOSS Data-CORE, only passive mechanisms are used, such as metadata.  The 
GEOSS Data-CORE does not view attribution, user registration, or user login as 
restrictions to the access and use of data.  Any data provider that has data access 
conditions or restrictions other than these will not satisfy the GEOSS Data-CORE, but 
can be available via GEOSS outside the GEOSS Data-CORE.  AIP-5 will focus on 
licenses compatible with the GEOSS Data-CORE only.  Other types of licenses, and any 
general licensing framework, will not be considered in AIP-5.  The consequence of this is 
that a data user, wishing to access and use non-GEOSS Data-CORE data, will need to 
make sure that any conditions or restrictions that the data provider has put on the access 
and use of the data are understood and followed.  This is a data user responsibility and is 
not enforced or dealt with in any way by the GCI. 

The specific private-law waivers and standard common-use licenses that the DSWG has 
identified as being compatible with the GEOSS Data-CORE can be found in Appendix B 
of the Report of the Data Sharing Task Force and Status of Data-CORE23, as presented 
and accepted at GEO-VIII.  Also found in this document are the key characteristics of 
data access and use conditions that are considered compatible with the GEOSS Data-
CORE principles, and that will be addressed in AIP-5. In the implementation plans for 
licensing, many of the GCI components will likely be impacted, as well as the metadata 
population suggestions for data providers.  The metadata will be used to hold the 
appropriate fields of information related to the data waivers and licenses used. 

References: 
 [1] “Towards Voluntary Interoperable Open Access Licenses for the Global Earth 
Observation System of Systems (GEOSS),” Harlan Onsrud, James Campbell, Bastiaan 
van Loenen, International Journal of Spatial Data Infrastructures Research, under review 

[2] “DRM Policies for Web Map Service,” Alban Gabillon, Patrick Capolsini, ACM 
SPRINGL ’08, 2008 

3.8.3 Data Access and Use Metrics 
Data access and use metrics are mentioned as part of the suggested implementation 
details, by the DSWG, for user registration and login.  Specifically, it is suggested that 
certain metrics be collected during data access, such as how often a data provider is 
accessed by GEOSS users and what data is accessed by GEOSS users.  The metrics 

                                                
23 http://www.earthobservations.org/documents/geo-
viii/08(Rev1)_Report%20of%20the%20Data%20Sharing%20Task%20Force%20and%20Status%20of%20Data-CORE.pdf 
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collected should be able to be enhanced from time to time, and should not include any 
user IDs. 

It is likely for these data access and use metrics to be collected during the user login 
process.  It will be a suggested functionality for data providers to send to the GCI, the 
acquired metrics.  The actual metrics requested for the GCI, and the mechanisms 
employed by the data providers to gather and provide the recommended metrics to the 
GCI will be addressed in AIP-5.  The list of metrics to be gathered should be reviewed by 
the DSWG for appropriateness. 

3.9 Quality Assurance, Uncertainty, Provenance 
3.9.1 Quality metadata. Quality data model. Producer’s metadata 
QA4EO principles can be summarized in two main objectives: provide quality indicators 
and provide traceability for these quality indications (details on how these indicators have 
been generated). The first part is well covered by current ISO metadata standards 
(ISO19115 and ISO19138). More work is needed to see if ISO metadata model for 
quality measures (DQ_Element) has to be extended to support full traceability for quality 
indicators. A possibility is to reuse a LI_Lineage element to make that possible 
(LI_Lineage is currently used for provenance of the data/service but not for provenance 
of a quality indicator). 

Additionally, a so called non-quantitative model for soft-knowledge ISO extension is 
needed to better allow including references to existing publications and peer reviews of 
the data and a better usage description (MD_Usage). 

An extended ISO quality metadata model will be analyzed and proposed to include the 
previously exposed requirements. This quality model will then be adopted by the 
GeoViQua project after AIP5. 

3.9.2 Quality metadata. Quality data model. Consumer’s metadata 
Users of data products often complain about the completeness of the descriptions of the 
datasets and, they say that they rely more on other user comments that in the producer’s 
metadata, being the later often insufficient and ambiguous. Before a consumer metadata 
system can be set up, a user feedback metadata model has to be developed. This will 
include, user comments, ratings and use case descriptions and will also include consumer 
details (that is related to the common user identification system activity in GEOSS). This 
model has to be simple and extensible because new imaginative ways of engaging users 
are expected coming from social network systems for the GEO community in the near 
future. User feedback systems are expected to be more agile that traditional producer’s 
metadata records, so that consumer’s quality model is expected to be independent from 
producer’s model, although it needs to be related to it by a metadata identifier (see 3.8.6). 
Relations of this metadata model with the User Requirements Registry will be 
investigated. 

3.9.3 Quality metadata: Visualizing quality metadata on GWP 
A GeoViQua study on the metadata in the GEOSS Clearinghouse reveals that 
approximately 20% of the records contain some reference to quality indicators formalized 
following ISO 19115 in XML form (at least a DQ_Element is provided) 
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(http://geoinfo.dlsi.uji.es/eurogeoss/pdfs/43.pdf). This is evidence that many resources in 
the clearinghouse are following the QA4EO principles and particularly, QA4EO-QAEO-
GEN-DQK-002: the need to assign to all data / information products a Quality Indicator 
(QI). This information is provided to the users but no effort has been made to make it 
more visible in the GWP. 

In order to make quality elements more visible in ISO metadata records in the GWP, such 
as quality indicators, lineage and usage, we propose to use XSLT transformations to 
make quality elements more apparent to users. Quality indicators will be classified into 
the 5 categories that ISO 19115 declares: positional accuracy, thematic accuracy, 
temporal accuracy, completeness and logical consistency. Also non quantitative soft 
knowledge such as lineage/provenance and usage information will be included. 

Additionally, a metadata comparison tool that will make it possible to compare quality 
indicators between 2 or more metadata records coming from different datasets is 
proposed. 

To help providers to assess the completeness of their metadata records in general and on 
quality aspects in particular, we propose to extend the rubric system 
(http://www.ngdc.noaa.gov/metadata/published/NOAA/NESDIS/CLASS/iso) to help to 
evaluate how many metadata elements related to quality are provided. This evaluation 
system incorporated in the rubric will use a criterion that helps producers on improving 
their quality metadata for better visualization and comparison in the GWP. 

3.9.4 Extending the metadata assessment to other capacity catalogues 
With the incorporation of capacity catalogues that the EuroGEOSS broker integrates 
(federated catalogues that go beyond the GEOSS Clearinghouse and introduced in AIP4 
and the last StP), the clearinghouse contains only a part of the metadata available from 
the GCI. This activity proposes to extend the quality elements in metadata records 
assessment of the clearinghouse to this other capacity catalogues to find out how much 
quality information can be extracted and the best way to harmonize metadata records in 
the EuroGEOSS broker without losing quality information. The clearinghouse previously 
mentioned study was exhaustive but the some capacity catalogues are so huge that the 
study will be based on a smaller sampling instead of completely set. 

The capacity catalogues currently connected to the EuroGEOSS broker are at least: 
• EEA SDI Catalogue � One Geology 
• IODE � SeaDataNet catalog 
• NOAA UAF Catalog � EuroGEOSS Catalog 
• NASA GCMD � Observations from IIA 
• INPE � EnviroGRID 
• South Africa Environmental Observation Network 
• some Web Accessible Folders 
• some Web 2.0 resources 

3.9.5 Quality metadata extraction tool from data formats 
Web accessible folders are a simple way to provide access to a list of resources that can 
be directly downloaded using hyperlinks. This way, producers skip the need to setup and 
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maintain a separate metadata catalogue and a data service. Some datasets linked in these 
folders contain abundant quality metadata information embedded in the data files. HDF, 
netCDF, TIFF (with additions) and JPEG2000 are some interesting formats that can have 
embedded metadata. In fact the same raster files can be served in WCS and SOS (where 
the return of a measure can be expressed in a single value, the common case for a 
classical in-situ sensor such as a weather thermometer; or as a full image in the case that 
the sensor is a geostationary satellite such as MSG).  This activity will explore the 
possibility of being able to create tools to automatically extract quality parameters for 
these formats and generate independent metadata records that can be easily harvested by 
the GEOSS Clearinghouse or the EuroGEOSS broker. 

This work continues the activities of the section 2.3.2 Data, Metadata and Products 
Harmonization from the Data Harmonization Working Group (DHWG) ER from AIP-3. 

The efforts done to define a GEOSS Common Record metadata record (4.6.2 GEOSS 
Common Record from DHWG ER from AIP-3) seems to be replaced by the common 
EuroGEOSS metadata model, that is base on ISO19115 metadata model with some 
possible extensions and more complete crosswalks (a two column table that states 
equivalences of one standard/format to another) could be needed to include quality. 

3.9.6 Data provenance. Data and Metadata identifiers 
Provenance is the capacity to annotate the sources and processes that were used in the 
creation of a resource (e.g. datasets and operations involved in the creation of a particular 
dataset). It provides traceability and trust in the resource by knowing its origins and 
giving credit to the processors of the resource. If it is complete and has access to the same 
sources and processes, it potentially allows recreating the resource. It is considered a 
component of the quality description of the dataset. 

The need for a metadata file identifier was also pointed in section 4.6.2 GEOSS Common 
Record from DHWG ER from AIP-3. 

Regarding the lineage, ISO 19115 distinguishes between production processes 
(LI_ProcessStep) and the sources used in elaborating the dataset (LI_Source) that can be 
combined in several ways. Therefore, metadata records can contain a direct list of the 
data sources, a direct list of the processes, or can link data sources to each process 
(complete provenance). In this way, each new resource accumulates the processes and 
sources history of the previous resources by repeating the previous history. The GEOSS 
clearinghouse metadata study done by GeoViQua revealed that some datasets accumulate 
more than one thousand processes and sources in their metadata records and that 
provenance information is provided in 12% of the resources. 

Despite all these efforts, provenance descriptions are mainly textual and, when sources 
are mentioned, links to the local data that was used (using local file system notations); 
they are not providing provenance linked to distributed data resources in catalogues. The 
origin of this problem is that provenance is generated automatically in local computers by 
the software accessing local files and not in a distributed environment. When the 
metadata was made public, nobody cared about redirecting local files to public resources 
in catalogues (if available). 
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There is a need for providing an encoding and recommendations on how to provide 
provenance information in a way that GEOSS resources can point to other GEOSS 
resources. Even if a producer wants to fix provenance metadata to link to public 
resources in GEOSS, the main difficulty to achieve this purpose is the lack of a clear 
schema for global and persistent identifier for each GEOSS resource. Also, the 
clearinghouse catalogue is complicating the problem by providing new identifiers to pre-
existing resources (with other identifiers in the original catalogues; currently the 
EuroGEOSS broker is using its own solution for global identifier that could be enough if 
adopted as the selected one). 

Provenance information is a dependent on the environment where the process has been 
executed and the sharable data has been generated. Best practices for describing 
provenance needs to be based on the characteristics of the data production process and 
the produced data itself, on encoding them in a standardized way, and on exposing them 
through public catalog interfaces within the GEOSS community.  Investigations are 
needed when defining provenance where the described data are not originated from 
GEOSS providers. 

In a scenario where someone is willing to create a system to generate and edit feedback 
for a GEOSS resource in a GEOSS catalogue, the lack of a global and persistent identifier 
in GEOSS makes it also difficult. In the experimental portal GEOSSBack 
(www.ogc.uab.es/geossback) we use the GEOSS clearinghouse identifier to link user 
comments to GEOSS resources but this strategy is only valid for the clearinghouse (e.g. 
for the EuroGEOSS broker, we need to use another solution as discussed in the previous 
paragraph). 

We propose to analyze this problem and document the current situation in the GEOSS 
best practice wiki with recommendations on how to use the right identifier for each 
resource and how to generate a global and persistent identifier that is compatible with 
GEOSS needs. 

3.10 Semantics and Ontologies 
3.10.1 Linking critical observation parameters to datasets 
Critical Earth Observation Priorities were listed in GEO Task US-09-01a Final Report, 
October 2010. The 146 earth observation parameters are listed in this report by priority 
ranking. Different users in SBAs require parameter information at various levels of detail. 
Table 4 is list of words that shows linkage from critical observation parameter of GEOSS 
to datasets. The following table is the example of “land surface temperature” as an earth 
observation parameter. The first column is GCMD scientific keywords. It shows 
hierarchical categories to reach “land surface temperature”. The second column is 
information of modifier. The earth observation parameter sometimes includes modifier, it 
means that it is very difficult to find exact matching terms from ontology registry. In this 
case, modifier was extracted and give definitions separately form observation parameter. 
In this case “land” is modifier for “surface temperature”. Next column is critical 
observation parameter that is main keywords to find datasets. Next column is associated 
parameter names in existing vocabularies, which is registered in the vocabulary registry. 
It helps to give definition of observation parameter for common understanding between 
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data provider and users. The last column is the parameter name in existing datasets. This 
shows parameter name in datasets and URL for acquiring data. That is, various 
hierarchical routes are prepared with ontological information to reach dataset as an index. 

Table 4 – Ontology List from Keywords to Datasets ! !
GCMD
topic GCMD terms modifier source definithin

Parameter
names Source Definition URL

Parameter
names
（Unit)

Dataset Name Provider

land
surface

land
temperature land

Oxford
Dictionaries

the part of
the earth's
surface
that is not
covered by
water

land surface
temperature

Surface
temperature

CF
Standard
Names

The surface temperature is
the temperature at the
interface, not the bulk
temperature of the medium
above or below. Names
containing the where_type
qualifier are deprecated and
newly created data should
use the cell_methods
attribute to indicate the
horizontal area to which the
quantity applies. K E139 ts

http://cf-
pcmdi.llnl.gov/doc
uments/cf-
standard-
names/standard-
name-
table/17/cf-
standard-name-
table.html  (only
top page)

Land
Surface
Temperature

MODIS Land Surface
Temperature daily
1km
https://lpdaac.usgs.go
v/lpdaac/products/m
odis_products_table/la
nd_surface_temperatur
e_emissivity/daily_l3_gl
obal_1km/mod11a1

NASA

Land surface
temperature

CEOS
Systems
Database

MSG Land
Surface
Temperature

MSG Land Surface
Temperature
http://landsaf.meteo.p
t/algorithms.jsp;jsessi
onid=D1AB27022F791
16CA93C6450E60FF2
F3?seltab=0&starttab
=0

Eumetsat

Temperature GEMET

A property that determines
the direction of heat flow
when an object is brought
into thermal contact with
other objects: heat flows
from regions of higher to
those of lower temperatures

Temperature SWEET

Critical
Observation
Parameter

Associated Parameter Names in existing vocabulary Parameter names in existing datasetsGCMD scientific
keywords

 
In this study, the vocabulary registry has been constructed for sharing and common 
understanding of earth observation parameters. The vocabulary registry helps to gather 
ontological information, terminologies, scientific vocabularies and their associations for 
data interoperability among diversified and distributed data sources. The vocabulary 
registry creates a “knowledge writing tool” for experts, by extracting semantic relations 
from authoritative documents using natural language processing techniques, such as 
morphological analysis and semantic analysis for earth observation data interoperability 
of DIAS (Data Integration and Analysis System). 

3.10.2 Semantic Priorities in AIP-5 
Currently the vocabulary is implemented in the GEO Web Portal as a suggested list of 
terms "a la google" when the user performs a text search.  Interaction between IN-03 and 
AIP-5 aims to ensure that the updated vocabulary can be accessed as a service by the GCI 
and correctly integrated into it or accessible to allow proper exploitation by user 
accessing the GWP. 

The thesauri, vocabulary, ontology, etc. previously developed by DIAS will be registered 
so they can easily be seen and compared based on the cross-referencing or mapping 
capability of the registry.  Through the comparison, we may evaluate or determine 
association among terms such as "exactMatch", "closeMatch". After assessing and 
generating (if needed) the associations, we may extract necessary part of the vocabulary 
for applications for GCI or EGB etc. 

GeoSPARQL will be considered.  Interoperability testing of GeoSPARQL endpoints in 
AIP-5, especially regarding GEOSS ontology and vocabulary, but also perhaps as a test 
of new and deeper search into metadata or dataset properties including location and 
temporal dimensions. 
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4 Computational Viewpoint  

4.1 Service oriented architecture (SOA) 
The Computation Viewpoint defines mainly a Service-oriented approach to enable 
distribution through functional decomposition of the system into objects that interact at 
interfaces.  There are GEOSS elements beyond the services approach, e.g., direct satellite 
broadcast, delivery of data on media, but the predominant discussion in this viewpoint 
concerns a Service-Oriented Architecture (SOA). 

GEOSS interoperability arrangements are to be based on the view of complex systems 
as assemblies of components that interoperate primarily by passing structured messages 
over network communication services. By expressing interface interoperability 
specifications as standard service definitions, GEOSS system interfaces assure verifiable 
and scalable interoperability, whether among components within a complex system or 
among discrete systems in a federated “system of systems”. 

The OASIS Reference Model for Service Oriented Architecture24 defines SOA as a 
paradigm for organizing and utilizing distributed capabilities that may be under the 
control of different ownership domains.  The value of SOA is that it provides a powerful 
framework for matching needs and capabilities.  

The Publish-Find-Bind use case (Figure 9) is a basic building block of a service-oriented 
architecture. 

 
Figure 9 – Publish-Find-Bind Pattern  

4.2 Catalog/registry services 
Interoperability arrangements for catalog search are key to service oriented architectures. 
These standards are used for catalog and registry services in GEOSS 

• ISO 23950 Protocol for Information Search and Retrieval.  
• OGC Catalog Service for the Web (CSW) including several profiles of CSW 

namely: ebRIM, ISO 19115/19119, and Earth Observation application profiles  
• OpenSearch – GEO Extension 
• OAI-PAH 
• OASIS UDDI 

                                                
24 OASIS Reference Model for Service Oriented Architecture v1.0 
http://www.oasis-open.org/specs/index.php#soa-rmv1.0 
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The GEOSS Clearinghouse is a client to community catalogue servers implemented in 
accordance with multiple catalog service standards; at a minimum these include ISO 
23950 and OGC CSW. 

The metadata supported in the AIP Architecture is described in Section 3.6. 
Ranking search results is a focus of AIP-5 in order to support the GCI:  

• Discovery needs to be supported by effective ranking methods, which methods 
are usually supported by analysis of links between resources and informal 
metadata about them (e.g. tags, recommendations, prior usage) 

• Are the ranking algorithms used in the remote catalogs compatible? This will 
affect the ability or usefulness of merging results from more than one remote 
catalog. 

• An interesting case in point was developed by the AIP-2 AQ-Health working 
group. They attempted to find their own and other registered resources by looking 
for anything relevant to “air”. It was unclear which search field could be used 
uniformly for this purpose, even keywords, and text search did not generally 
support both effective expansion (e.g. atmosphere as well as air) and filtering in 
order to “find the needles”. 

4.3 Portrayal and display services  
A Web Map Service produces spatially referenced maps dynamically from geographic 
information. It specifies operations to retrieve a description of the maps offered by a 
server, to retrieve a map, and to query a server about features displayed on a map  

The OpenGIS Web Map Service (WMS) Implementation Specification, also published as 
ISO 19128, provides three operations (GetCapabilities, GetMap, and GetFeatureInfo) in 
support of the creation and display of registered and superimposed map-like views of 
information that come simultaneously from multiple remote and heterogeneous sources. 

The OpenGIS Web Map Tile Service (WMTS) provides for serving spatially referenced 
data using tile images with predefined content, extent, and resolution. WMTS trades the 
flexibility of custom map rendering – as provided by WMS – for the scalability possible 
by serving a fixed set of tiles.  

The OpenGIS Styled Layer Descriptor (SLD) Profile of WMS, explains how WMS can 
be extended to allow user-defined symbolization of feature and coverage data. This 
profile defines how the Symbology Encoding standard can be used with WMS. SLD is 
used in combination with SE Standard. SLD allows for user-defined layers and named or 
user-defined styling in WMS. If a WMS is to symbolize features using a user-defined 
symbolization, the source of the feature data must be identified. The features may be in a 
remote WFS or WCS, or from a specific default feature/coverage store. WMS servers 
using remote feature data are also called Feature Portrayal Services (FPS), while those 
using remote coverage data are Coverage Portrayal Services (CPS). 
The OpenGIS Symbology Encoding (SE) Implementation Standard specifies the format 
of a map-styling language for producing georeferenced maps with user-defined styling. 
SE is an XML language for styling information used to portray Feature and Coverage 
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data. SE may be used together with SLD. As SE is a grammar for styling map data 
independent of any service interface specification it can be used flexibly by a number of 
services that style georeferenced information or store styling information that can be used 
by other services. 

The OpenGIS Web Map Context Documents Implementation Standard defines how a 
specific grouping of one or more maps from one or more WMS servers can be described 
in a portable, platform-independent format for storage in a repository or for transmission 
between clients. A Context Document contains sufficient information for Client software 
to reproduce the map, and ancillary metadata used to annotate or describe the maps and 
their provenance for the benefit of human viewers. (Based on the success of the Web 
Map Context, an OGC Standards Working Group is currently developing an OGC OWS 
Context Document standard.) 

The OGC KML Standard defines an XML grammar used to encode and transport 
representations of geographic data for display in an earth browser. Put simply: KML 
encodes what to show in an earth browser, and how to show it. (See also Section 3.4.1) 

4.4 Data access and order services 
File Transfer Protocol (FTP) File Transfer Protocol (FTP) is a standard network protocol 
used to transfer files from one host to another host over a TCP-based network, such as the 
Internet. FTP is built on a client-server architecture and uses separate control and data 
connections between the client and the server.[1] FTP users may authenticate themselves 
using a clear-text sign-in protocol but can connect anonymously if the server is 
configured to allow it. 

The OpenGIS Web Feature Service (WFS) Implementation Specification, also published 
as ISO 19142, allows a client to retrieve and update geospatial data encoded in 
Geography Markup Language (GML) from multiple Web Feature Services. The 
specification defines interfaces for data access and manipulation operations on 
geographic features. Via these interfaces, a Web user or service can combine, use and 
manage geodata from different sources. A Transactional WFS (WFS-T) includes an 
optional Transaction operation to insert, update, or delete a feature.  
The OpenGIS Web Coverage Service (WCS) Implementation Specification supports 
electronic retrieval of geospatial data as "coverages" – that is, digital geospatial information 
representing space/time-varying phenomena. WCS provides access to coverage data in forms 
that are useful for client-side rendering, as input into scientific models, and for other clients.  

The OPeNDAP Data Access Protocol (DAP) is a data transmission protocol designed 
specifically for science data. The protocol relies on the widely used and stable HTTP and 
MIME standards, and provides data types to accommodate gridded data, relational data, 
and time series, as well as allowing users to define their own data types. Data analysis 
and visualization applications can be operate as DAP clients (e.g., applications able to 
access remote OPeNDAP served data).   

The OGC Ordering Services for Earth Observation Products supports ordering of EO data 
products either from previously identified data set collections via a typical catalogue 
interaction or from future acquisitions specified via a Programming service. The service 
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describes an interface that can be supported by many data providers (satellite operators, 
data distributors, etc.), most of whom have existing (and relatively complex) facilities for 
the management of these data. 

Ordering services in some cases result in the delivery of media the user.  The media 
choices that are available for data encoding and data transfer are broad.  If a data provider 
disseminates data within GEOSS via physical media, the standard or special arrangement 
must be registered in the GEOSS registries so that data consumers can discover 
information about the data available and the service needed to consume it.  Since GEOSS 
is based upon the utilization of open standards, the media choices shown will be those 
that are widely available and compatible between various computing systems. 

Table 5 – Media for EO data delivery 
Media Type Existing Alternatives 

Magnetic Tape Storage Digital Linear Tape (DLT), Super Digital Linear Tape 
(SDLT), Linear Tape-Open (LTO) 

Disk Storage Universal Serial Bus (USB) drives, FireWire (IEEE 1394) 
drives 

Optical Storage Compact Disc (CD), Digital Video Disc (DVD), 
Universal Disc Format (UDF, also known as 
ISO/IEC 13346 or ECMA-167) 

 

4.5 Processing services and service chaining 
Earth Observation and other geospatial data as acquired or stored is not always well 
suited to a specific purpose and will need processing specific to the users needs. 
Processing services are network accessible services that can process data provided by a 
separate service. 

The OpenGIS Web Processing Service (WPS) Implementation Standard defines an 
interface that facilitates the publishing of geospatial processes, and the discovery of and 
binding to those processes by clients. Processes include any algorithm, calculation or 
model that operates on spatially referenced data.  A WPS process may be an atomic 
function that performs a specific geospatial calculation. Chaining of WPS processes 
facilitates the creation of repeatable workflows.  

OGC Abstract Specification Topic 12: OpenGIS Service Architecture (also published as 
ISO 19119) defines service chaining as the combination of services in a dependent series 
to achieve larger tasks. Topic 12 addresses the syntactic concepts of service chaining, 
e.g., data structure of a chain, and the semantic concepts, e.g., does a specific chain 
produce a valid result? Service chaining enables users to combine data and services in 
ways that are not pre-defined by the data or service providers.  

4.6 Sensor web services 
The Sensor Web is a concept of achieving a collaborative, coherent, consistent, and 
consolidated sensor data collection, fusion and distribution system. Any kind of sensor, 
from a thermometer located at a fixed position to a highly complex hyper spectral sensor 
on board of an earth-orbiting satellite, are made available on a global level.  
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Sensor Web addresses information gathering from distributed, heterogeneous, dynamic 
information sensors and sources of different structure and aims at 

• Describing sensors in a standardized way, 
• Describing sensor data processing in a standardized way, 
• Standardizing access to sensor data, 
• Standardizing the process of what is commonly known as sensor planning, but in 

fact is consisting of the different stages planning, scheduling, tasking, collection, 
and processing, 

• Building a framework and encoding for measurements and observations. 
The OpenGIS Sensor Observation Service (SOS) Implementation Standard defines a web 
service interface for requesting, filtering, and retrieving observations and sensor system 
information. Observations may be from in-situ sensors (e.g., water monitoring devices) or 
dynamic sensors (e.g., imagers on Earth-observation satellites).  

The OpenGIS Sensor Planning Service (SPS) Implementation Standard defines an 
interface to task sensors or models. Using SPS, sensors can be reprogrammed or 
calibrated, sensor missions can be started or changed, simulation models executed and 
controlled. The feasibility of a tasking request can be checked and alternatives may be 
provided. The OGC SPS Earth Observation Satellite Tasking Extension supports the 
programming process of Earth Observation (EO) sensor systems used by many satellite 
data providers. 

4.7 User identity and management services 
User management services provide the authentication and authorization capabilities in a 
service oriented architecture.  This section describes Authentication Protocols and User 
Management Protocols to be utilized by the GCI and GEOSS data providers for the 
purpose of user registration, user single sign-on (SSO), and user data access and use 
metrics. 

During AIP-3, initial research was conducted into SSO as a federated solution for the 
situation involving GEOSS data providers and their various user registration and login 
requirements.  Enough work was done to determine that Shibboleth was to heavy a 
burden to impose on data providers.  However, for AIP-5, Open ID and OAuth remain 
viable alternatives for user registration and federated SSO. 

OpenID is an open and decentralized framework for authenticating users with the same 
digital identity on different web sites. Some of the organizations offering OpenID 
provider services include AOL, Facebook, Google, Yahoo!, Microsoft, MySpace, Sears, 
Universal Music Group, France Telecom, Novell and Sun. Each one of these providers 
issues a URL or XRI as the user’s identifier. When logging into different websites, a user 
is able to enter the same identifier at login. The development of OpenID is led by an open 
source community, legally represented by the OpenID Foundation25. 

OAuth is an open protocol that enables websites or applications to access protected 
resources from a web service, without disclosing usernames and passwords. Instead of 

                                                
25 http://openid.net/foundation 
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forwarding usernames and passwords, OAuth uses tokens generated by the Service 
Provider. The tokens are granted access to a specified resource for a specified duration26. 
OAuth is currently under development for submission to the Internet Engineering Task 
Force (IETF)27. 

OGC User Management for Earth Observation Services Best Practice describes how user 
and identity management information may be included in the protocol specifications for 
OGC Services. The use cases addressed reference to EO services, for example catalogue 
access, ordering and programming. 

A key question that needs to be resolved is whether a fully decentralized, federated 
solution should be used, or whether a hybrid solution that depends on some GCI-
centralized functionality should be used.  There are issues that need to be addressed 
regardless of which solution is chosen.  One such issue is user logout.  With OpenID, for 
example, it is possible to logout at one OpenID site and have that user logged out at other 
OpenID sites, as well.  This may not be desirable in the GEOSS setting.  Another issue is 
the gathering and reporting of user data access and use metrics.  A service that provides 
this for data providers may be best centralized within the GCI.  A login timeout issue for 
non-activity also exists for data providers that have such a timeout.  It may be different 
for each data provider, but ideally this should be based upon GEOSS activity, and this is 
something not provided by a federated SSO solution with no GCI-centralized service 
available.  AIP-5 will consider these stated issues in the course of implementing 
solutions. 

                                                
26 http://oauth.net/documentation/spec 
27 http://tools.ietf.org/html/draft-hammer-oauth-08 



GEOSS AIP Architecture: AIP-5 CFP Version 

45 

5 Engineering Viewpoint  

5.1 Engineering components  
The Engineering Viewpoint identifies types of component to support deployment and 
management of distributed interaction between the components.  The component types 
are to be consistent with the Enterprise viewpoint, e.g., GEOSS as a system of systems.  
The components are characterized as part of a service layer in a 3-tier model Figure 10.  
• The top tier is the only one with which people deal directly.  It provides the interfaces 

to describe and use the services offered;  
• The middle tier embodies all the business processes required to respond to requests 

issued by clients. The services in general embody everything from authentication to 
complex geoprocessing on sets of data from various repositories and from generation 
of map views to statistical charts that the client gets back at the end of the process;  

• The lower tier provides read and/or write access to data, whether its geospatial data, 
accounting records, or catalogue entries stored in any of a dozen different types of 
registries.  

The component types interact based upon the services identified in the Computational 
Viewpoint. To limit the complexity of the diagram, interactions between components are 
not made explicit in Figure 10.  Services offered by the components are shown in the 
figure.  
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Figure 10 – Engineering Components with Services 

In Figure 10, “ACCESS” implies the services in the Access Tier, i.e., ftp, WMS, WCS, 
WFS, OPeNDAP, Order, SOS, SAS, SPS.  Some of the ACCESS services are also 
provided in the Mediation Tier and maybe access by the Clients. 
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5.2 User interface components 
The User Interface components have two types of interfaces:  Human-computer 
interfaces (HCI) and as clients in a client-server interaction to a network service.  The 
User Interface components contain data necessary to support these interactions, e.g., 
maintain state of an interaction with a service.  User interface components have 
functionality that supports the HCI, e.g., portrayal of maps. 

Table 6 – User Interface Components  
Component Description Interoperability 

Arrangements 
Use Cases 

Main GEO  
Web Site 

Earthobservations.org http 
- Discover Resources 
 

GEO Web 
Portals (GWP) 

Single point of access to information, internal or 
external to GEOSS, relevant to all SBAs and of 
interest to various types of users. 
The GWP supports searching of the GCI and 
portrayal of maps in 2D and 3D 

http, CSW, WMS, KML 

- Discover Resources 
- Visualize & Access 
- Maintain and Support 

Community 
Portals 

A community-focused portal (website) that 
provides a human user interface to identified 
content 

CSW, ISO23950, KML, 
WMS 
- Discover Resources 
- Visualize & Access 
- Maintain and Support 

Client portlets Client application generator components 
supporting the Portlet (JSR 168 specification) 
and/or WSRP (Web Service Remote Portlet, 
OASIS-approved network protocol) specifications 
facilitate both consumption of GEOSS services 
and incorporation of decision support / 
visualization functionality into the portals 

CSW, ISO23950, WPS, 
ACCESS 
- Discover Resources 
- Visualize & Access 
- Process and Automate 
- Maintain and Support 

Client 
Applications 

Applications hosted on a user’s computer to 
access remote services and provide exploitation of 
the data in the client application.  
Clients may be specific to a user community or 
may be more generic geospatial data applications. 
Clients may be hosted on mobile platforms. 

CSW, ISO23950, WPS, 
ACCESS 
- Discover Resources 
- Visualize & Access 
- Process and Automate 
- Maintain and Support 

References for Client Interfaces: 
• GCI description: http://www.earthobservations.org/gci_gci.shtml  
• Portal Study in AIP Core Architecture Implementation Report  
• Portlets in AIP-3  Energy Engineering Report 
• Clients for exploitation of data in AIP-4 Summary Engineering Report 
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5.3 Mediation tier components 
The Mediation Tier components have two types of interfaces:  server interfaces accessed 
by Client Tier and as clients in a client-server interaction to network services, e.g., in the 
Access tier.  The Mediation components contain data necessary to support these 
interactions, e.g., network addresses of access services.  Mediation components have 
functionality that supports the server interface, e.g., processing of data into maps. 

A major addition to GCI during the “Sprint to Plenary” in 2011 was discovery broker 
components.  The EuroGEOSS Discovery Broker facilitates discovery of available 
resources by making interoperable the heterogeneous discovery, listing, and inventory 
services provided by the GEO different Communities. The EuroGEOSS Discovery 
Broker implements the following principal functional modules: 

a. User's query Distribution in an asynchronous way (providing consistent 
feedbacks to Users); 

b. Mediation (i.e. translation from the many Producer and Users service models to 
the broker internal model, and vice-versa); 

c. Adaptation (i.e. between the many Producer service protocols and the Users' 
ones, and vice-versa); 

d. Tagging and clustering of all the heterogeneous results returned by the many 
brokered data providers (e.g. for recognizing Data Core). 

e. Semantic enhancement of discovery capabilities by expanding User's query 
terms according to semantic criteria (e.g. related terms, more general terms, more 
specific term) and multi-lingual support. 

Mediation for access is provided by Access Brokers.  The EuroGEOSS Access Broker 
facilitates access and use of available resources by making interoperable the 
heterogeneous access services provided by the GEO different Communities. The 
EuroGEOSS Access Broker implements the following principal functional modules: 

a. User's access request Distribution to the proper access service provided by 
Producers (providing consistent feedbacks to Users); 

b. Mediation (i.e. translation from the many Producer and Users service models to 
the broker internal model, and vice-versa); 

c. Adaptation (i.e. between the many Producer service protocols and the Users' 
ones, and vice-versa); 

d. Allow User to specify a Common Grid Environment for data use (i.e. 
Coordinate Reference System -CRS, spatial resolution, spatial extent, data 
encoding format). 

e. Supplement (not supplant) available access capabilities provided by Producers 
(i.e. sub-setting, re-sampling, CRS transformation, format translation) to 
implement a common environment for data use. 

f. Enable User to use trusted processing capabilities as supplement for the 
available access capabilities provided by Producers. 

Both EuroGEOSS components are available here: www.eurogeoss-broker.eu 
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Table 7 – Mediation Components  
Component Description Interoperability 

Arrangements 
Use Cases 

GEOSS 
Registries 

• Component and Service Registry (CSR) 
• Standards and Interoperability Registry (SIR) 
• GEOSS Best Practices Wiki 
• GEOSS User Requirements Registry 
• EO Vocabulary 

 

- Discover Resources 
- Maintain and Support 

GEOSS 
Clearinghouse 

Provides search access to high-level metadata 
from all catalogs registered in the CSR through 
remote harvest of metadata or provision of 
distributed search. Indexes all CSR entries.  

CSW, ISO 23950 

- Discover Resources 

Discovery 
Brokers 

Brokers several catalogue services with differing 
vocabulary and offers results through a catalogue 
service. 

CSW, ISO 23950, 
OpenSearch -Geo,  
OAI-PMH 
- Discover Resources 

Community 
Catalogues 

Collection of community-organized information 
descriptions (metadata) exposed through standard 
catalog service interfaces 

CSW, ISO 23950 

- Discover Resources 

Access Broker  Broker access services to provide data according 
to a common grid environment for facilitating its 
use 

WMS, WFS, WCS, 
DAP 
- Visualize & Access 

Portrayal Servers Produces visual pictures from geographic data, 
e.g., Web Map Service (WMS), Coverage 
Portrayal Services  (CPS) and Feature Portrayal 
Services (FPS).  

WMS, WFS, WCS,  

- Visualize & Access 

User 
Management 

Provides user registration and single sign-on, 
along with user data access and use metrics.  
Appropriate services are exposed through a GCI 
component and data provider interfaces. 

- OpenID, OAuth 
- Visualize & Access 
- Process and Automate 
- Maintain and Support 

Workflow 
Management  

Encapsulates an engine capable of managing 
workflows, services, activities, and workflow 
execution instances. 

BPEL, WPS 

- Process and Automate 

Processing 
Servers 

Components that accepts requests to process data 
using an algorithm hosted in the component. The 
data is accessed from a remote service. 

WPS, ACCESS  

- Visualize & Access 
- Process and Automate 

Test Facility Provides persistent services to support the service 
registration and operational monitoring of 
services. 

WMS, WFS, WCS, 
CSW,  
- Maintain and Support 
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5.4 Access components 
The Access Tier components have offer interfaces to data and information servers.  The 
Access Tier components contain data necessary to support these interactions, e.g., 
network addresses of access services.  Mediation components have functionality that 
supports the server interface, e.g., processing of data into maps. 

Table 8 – Access Tier Components  
Component Description Interoperability 

Arrangements 
Use Cases 

Data Servers Services to access Earth Observation data. 
Typically hosted by a facility that provides 
redundant resources for both high availability and 
high performance. 

ftp, WMS, WFS, WCS, 
OPeNDAP 
- Visualize & Access 

Sensor Web 
Servers 

Services to access sensors and sensors networks: 
e.g.; ground station and associated satellites; and 
in-situ networks of sensors. 

SOS, SPS, SAS 
- Visualize & Access 

Model Access 
Servers 

Services to access outputs of predictive models of 
geospatial information, hosted by a simulation 
and modeling center. 

 
- Visualize & Access 

GEONETCast Global network of satellite-based data 
dissemination systems to distribute data via 
broadcast.  

DVB-S 
 

 
AIP-4 focused on supporting the GEO-ADC goal of increasing accessibility of Priority 
EO Observations as identified by the GEO User Interface Committee starting with the 
GEOSS Data-CORE.   
Accessibility to the Critical Earth Observation Priority datasets was increased in AIP-4 
through the deployment and testing of web services for the datasets. Web services for 
data access are defined using international standards and community specifications for 
interfaces that allow a client to request and receive specific elements of the datasets. The 
access services listed in Section 4.4 and are registered in the GEOSS SIR. 

AIP-4 increased the availability and robustness of open source software for deployment 
of servers that provide access to datasets using the OGC Web Coverage Services (WCS). 
WCS 1.0 has been implemented in the GeoServer software for several years. AIP-4 
deployed the Earth Observation Profile of WCS 2.0 in two software packages: 
EOxServer and GMU. 
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5.5 Engineering use cases 
Engineering Use Cases are reusable activities tailored for the GEOSS environment.  The 
tables below are organized using the categories in Figure 2 – GEOSS AIP Use Case 
Summary Diagram.  Several use cases are related to use cases in the AIP-3 Use Cases ER 
as noted in the first column of the following tables.  Use Cases may use any or all of the 
Engineering Components (Section 5.1). Use Cases may optionally have interaction with 
Actors.  The content of Use Cases will be developed in the course of AIP.  

Table 9 – Publish Resources Use Cases 
Name Description Actors (may be optional) 

P1. Register 
Resources 
(AIP-3 ER: 1) 

Register resources in GEOSS Components 
and Services Registry (CSR) or Community 
Catalog 

• GEOSS Resource Provider 
• SBA Integrator – optional 
• GCI Operator – optional 

P2. Deploy  
a Service 
(AIP-3 ER: 2) 

Deploy services for use in GEOSS. • GEOSS Resource Provider 
• SBA Integrator – optional 

P3. Test a  
Service 
(AIP-3 ER: 09) 

Service Provider tests its deployed service 
using a proper Test tool discovered in the 
GEOSS CSR.  

• GEOSS Resource Provider 
• SBA Integrator – optional 

P4. Develop 
SBA network 
(AIP-3 ER: 14) 

Identify resources in particular services 
relevant to an SBA. Promote concerted use 
on a larger-scale  

• SBA Integrator 
• GEOSS Resource Provider 

Table 10 – Discover Resources Use Cases 
Name Description Actors (may be optional) 

D1. Search for 
Resources  
(AIP-3 ER: 4) 

Search for resources of interest. Variations: 
user initiated (e.g. GWP), process initiated, 
searching data sharing conditions. 

• GEOSS User 

D2. Aggregate 
Metadata28 
(AIP-3 ER: 3) 

Harvesting and/or query metadata from 
community catalogs or services via GEOSS 
Clearinghouse 

• GEOSS Resource Provider 
• SBA Integrator 
• GCI Operator 

D3. Conduct 
semantic search 
(AIP-3 ER: 13) 

Utilize mediated vocabularies to extend 
GEOSS search queries across disparate 
domains or communities. 

• GEOSS User 

D4. Semantic 
mapping 
(AIP-3 ER: 12) 

Register, mediate, and map between 
disparate vocabularies used to describe 
GEOS resources. 

• SBA Integrator 
• GEOSS Resource Provider 
• GCI Operator 

D5. Launch 
Enabler App 
(AIP-4) 

Associated with resources discovered in 
GCI are enabler applications, e.g., clients.  
User launches help application including 
context from previous search. 

• GEOSS User 

                                                
28 See also the Catalogue Use Case in “OGC Engineering Report: Water Information Services Concept Development Study,” OGC 
Document 11-013r6, 2011-07-012. 
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Table 11 –Visualize and Access Use Cases 
Name Description Actors (may be optional) 

A1. Web 
Mapping 
(new) 

Access web maps services and display a 
composite map to the user.  Allow user to 
modify map layers. Variation: include use of 
portrayal service 

• GEOSS User 

A2. Access files 
(new) 

Retrieve a file from an access server using 
FTP. Variations include:  user-initiated, 
process-initiated. 

• GEOSS User if user 
initiated. 

A3. Access data 
via services  
(AIP-3 ER: 5&6) 

Access data from using a service that allows 
for user selection of data returned based on 
content.  Variation: use of Access Broker 

• GEOSS User if user 
initiated 

A4. User 
Authentication 
(new) 

User login with single sign-on (SSO). May 
used with Use Cases: A2, A3, W1. Variations:  
user-initiated, process-initiated. 

• GEOSS User 

A5. Access with 
Acknowledgement 
(new) 

May used with Use Cases: A2, A3, W1. 
Variations:  user-initiated, process-initiated. 

• GEOSS User 

A6. Exploit Data  
(AIP-3 ER: 7) 

Exploit - visually and analytically- in Client 
Applications using information retrieved 
through access use cases. 

• GEOSS User 

 
Table 12 – Process and Automate Use Cases 

Use Case Description Actors  
W1. Execute 
Processing Service 
(AIP-3 ER: 11) 

Invoke a processing service, to produce new 
derivative data resources.  Variations:  
user-initiated, process-initiated 

• GEOSS User 

W2. Construct 
and Deploy 
Workflow 
(AIP-3 ER: 8) 

Design, deploy and execute a workflow. 
Described in Business Execution Language 
(BPEL) or any other script language.  

• SBA Integrator  
• GEOSS User 

W3. Process with 
Waiver or License 
(new) 

Use metadata containing information about 
the waiver or license to handle aggregation 
of data, derived data, re-use of data, and 
layered data.  

• GEOSS User if user initiated 
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Table 13 – Maintain and Support Use Cases 
Use Case Title Actors 
M1. Register 
Interoperability 
Arrangements  
(AIP-3 ER: 10) 

Register Interoperability Arrangements in 
the GEOSS SIR 

• GEOSS Resource Provider 
• SBA Integrator 
• GCI Operator 

M2. Share Best 
Practices 
(AIP-3 ER: 15) 

Create a Best Practice relevant to GEOSS in 
the GEOSS BP Wiki 

• GEOSS User 
• GEOSS Resource Provider 
• SBA Integrator 
• GCI Operator 

M3. Monitor 
Services 
(AIP-3 ER: 10) 

Services registered with GEOSS are 
routinely monitored for network connectivity 
and application response. 

• GCI Operator 

M4. User 
Registration 
(new) 

User information is provided to a centralized 
authentication server to support single sign-
on (SSO) with GEOSS providers. 

• GEOSS User 
• GCI Operator 

M5. Metrics 
Management 
(new) 

GEOSS data provider, or GCI, gathers 
access and use metrics and stores 
information for reporting to the GCI. 
Variations: reports pushed, reports available 
for query 

• GEOSS User 
• GEOSS Resource Provider 
• GCI Operator 
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6 Technology Viewpoint 

6.1 Operational Components and Capacity Building 
The Technology Viewpoint identifies the component and service instances that comprise 
the “as-built” system.  This includes component instances as physical deployed 
technology solutions, including network descriptions.   

6.2 GEOSS Common Infrastructure 
The GEOSS Common Infrastructure has been deployed and is operational.  A main point 
of entry for the GCI is the main GEO web site.  The GEOSS Common Infrastructure 
(GCI) is enclosed by a light green oval in Figure 11. Within the oval is the GEO Web 
Portal, the GEOSS Clearinghouse(s) several registries, and Search Brokers and a Service 
Monitoring component. 
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Processing 

Inventory Access 
(GENESI-DEC,  

CWIC)* 

EO Data Applications: 
Web and PC 

Brokered Search 
and Access: 
EuroGEOSS* 
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Figure 11 – GEOSS Common Infrastructure 

6.3 GEONETCast 
GEONETCast is a near real time, global network of satellite-based data dissemination 
systems designed to distribute space-based, air-borne and in situ data, metadata and 
products to diverse communities.  GEONETCast uses bandwidth on commercial satellites 
for the data broadcast using standard DVB-S broadcast. Each regional system 
GEONETCast-Americas, EUMETCast and FENGJUNCast make use of this concept by 
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having procured bandwidth on commercial satellites to which the data is uplinked and 
then broadcast within the footprint of this satellite. The result of the cooperation of the 
partners is a nearly global coverage. 

Users access the GEONETCast portal then based on the input of geographical 
information, the user is then re-directed to the responsible regional GEONETCast 
Network Centres (GNC) which hosts the regional implementation of the portal.  There 
the user can access services for:  

• Data discovery (searchable) on global and regional products and services;  

• Links to the regional service performance indicator and news messages;  

• Links to the help-desk services;  

• Links to the GEONETCast subscription service;  

• Web links to the regional archives of the various data providers  
All data types disseminated on GEONETCast should be described with standardised 
metadata information. The current standards are the series of ISO 19100 standards and 
WMO Core Metadata Profile of the ISO Metadata Standard. 

The concept of GEONETCast is to use bandwidth on commercial satellites for the data 
broadcast using standard DVB-S broadcast. 

6.4 Registered operational components 
Resources registered with GEOSS are listed in the GEOSS Registries. The operational 
capability of GEOSS is dependent on the registered components and services providing a 
high availability and performance.  Persistent exemplars are the subset of CSR registered 
components that meet these criteria: 

1. Registered in CSR:  Component is registered in the GEOSS CSR with the 
Resource Availability field set to be “Continuously Operational”. 

2. Standards-accessible services:  The services associated with the “continuously 
operational components” are accessible through a GEOSS Interoperability 
Arrangements that is an international standard.   

3. Level of service:  Services are expected to be available at least 99% of the time, 
except when otherwise required by the nature of the service.  This allows for 
approximately 7 hours of down time a month.  Adequate network service must be 
provided in order to provide this level of availability. 

6.5 Capacity Building 
6.5.1 Capacity Building Objectives   
The need for accessing, and sharing data and services in a secure and timely ways are 
critical to every organization and country worldwide. The Capacity Building actions seek 
to toward making GEO data and services available to data providers and data users.  

The objectives of the Capacity Building (http://www.earthobservations.org/ag_cbc.shtml) 
are: 
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• Facilitate Earth observation capacity building activities among GEO Members, in 
concert with GEO Participating Organizations. 

• Build global capacity to access, retrieve, analyze, include into appropriate models, 
and interpret relevant data from global data systems. 

• Build global capacity to integrate Earth observation data and information with 
data and information from other sources, improving understanding of problems in 
order to identify sustainable solutions. 

• Develop a coordinated capacity building strategy among GEO members and 
participating organizations based on the principles articulated in the GEOSS 10-
Year Implementation Plan Reference Document. 

• Recommend strategies for resource mobilization. 

6.5.2 Capacity Building Component 
The Capacity-Building SBA Component will support both data providers and data users 
by establishing a server code repository locus for GCI (GEOSS Common Infrastructure) 
component software. It will specify the processes for data providers and data users to 
follow in order to discover, upload or download GEOSS data and services. 

According to the recommendations proposed by the GEOSS AIP-4 participants, a server 
code repository will be deployed and made available for the GCI components software 
GeoTasks. 

GEOSS AIP-5 will leverage the lessons learned from both the AIP-4 approach (see 
Figure 12) and the AIP-3 use cases-driven scenarios in such a way to make more 
discoverable, accessible and usable the GEOSS components developed.  

 
Figure 12 – Results of AIP-4 and Associated Activities  

Source: AIP4-Summary Engineering Report Version 0.12 
6.5.3 Focus in AIP-5  
The Capacity Building activities of AIP-5 will improve on discovery, access and usability 
of the open source code developed during the implementation of the tasks indicated in 
GEO SBA Task(s) in the GEO 2012-2015 Work Plan, section 3, in the nine societal 
benefit areas or wherever possible. 

For example, for water management services, two types of services will be leveraged: 

• GEOSS Water Users Code Repository: open-source code to allow data users to 
access and download water-related data and services. 
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• GEOSS Water Resource Providers Code Repository: open-source code to allow 
data providers to access and upload water related data and services.  

GEOSS AIP-5 Capacity-Building component effort would provide greater transparency 
to the infrastructure, and enable the community to contribute to the testing and 
enhancement of the code. Through a server code repository, more tools, application 
clients, and enabler components will be available to allow GEOSS users and  GEOSS 
resource providers to leverage the resources and infrastructure implemented by GEOSS 
and make it easier for users to discover, access, and use GEOSS resources with little 
additional effort, according to the recommendations of GEOSS AIP-4.  

AIP-5 will focus on making available better documentation between technical 
implementations of GEOSS and the GCI in order to support AIP contributions that are 
often more advanced than the current state of the GCI. In particular, the documentation 
will address four priorities: discovery of GEOSS resources through a 
multilingual/semantic vocabulary registry, interoperability interfaces with GCI and 
through specific data mining algorithms; the registration login of GEOSS users; the 
licensing of data serviced by the GEOSS resource providers; and the implementation of a 
basic GEOSS framework within a particular organization or country.   

Relevant to Capacity Building, AIP-5 will focus on making available more tutorials, 
especially those targeted towards supporting the data users to illustrate the benefits of 
using GEOSS and of sharing resources using interoperability arrangements. 

6.6 Tutorials 
Tutorials are published for the benefit of GEOSS users and GEOSS providers.  These 
tutorials assist with provisioning of data via discovery and access services, as well as 
assist with enabling access and use of discovered data via enabler and client applications 
and services. The tutorial process is overseen by the Standards and Interoperability 
Forum (SIF), which can be used to address any issues that arise in the tutorial process. 
Tutorial development is ongoing to provide more tutorials to the GEOSS-using public.   

The tutorials are developed in private pages on the GEOSS BPW.  Once ready to be 
published, a tutorial’s pages are made public, still residing on the BPW.  Tutorials are 
also registered in the CSR as GEOSS documentation resources.  Each tutorial has an 
introduction that explains the purpose and how to navigate it.  All tutorials have a similar 
structure in order to maintain uniformity and consistency, and make it easier for the 
reader.  A user can read a tutorial online in the BPW, save it as an HTML document, 
print it in real-time, or save it using a PDF printer tool.  As the BPW is a wiki, comments 
can be posted to help edit and improve the tutorials.  Comments are used by tutorial 
authors to edit the tutorial prior to the next release on the BPW.  

For AIP-5, it is highly recommended, and prioritized by the Infrastructure 
Implementation Board, that components, services, and client applications developed or 
enhanced, and to be made operational in 2013, be accompanied by a tutorial to be 
developed and published in the GEOSS BPW.   
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7 Acronyms 
AIP-5 Architecture Implementation Pilot, Phase 5 
AWiFS  Advanced Wide Field Sensor 
BPEL Business Process Execution Language (OASIS) 
CAP Common Alerting Protocol 
CEOS  Committee on Earth Observation Satellites 
CFP  Call for Participation 
CRS  Coordinate Reference Systems  
CSR  Component and Service Registry (GEOSS) 
CSW Catalogue Service for the Web (OGC) 
CWIC  CEOS WGISS Integrated Catalog 
DAP  Data Access Protocol (OPeNDAP)  
DEM  Digital Elevation Models  
DHWG Data Harmonization Working Group (AIP-3)  
DIAS  Data Integration and Analysis System 
DNI  Direct Normal Irradiation  
DSWG  Data Sharing Working Group 
EC European Commission 
EGB  EuroGEOSS Broker 
EO2HEAVEN Earth Observation and Environmental Modelling for the Mitigation of Health 

Risks (EC FP7 Project) 
ER  Engineering Report  
ESA  European Space Agency   
ftp file transfer protocol  
GCI  GEOSS Common Infrastructure 
GCMD  Global Change Master Directory 
GEO  Group on Earth Observations 
GeoDRM  Geospatial Digital Rights Management 
GeoRSS Geospatial RSS 
GEOSS  Global Earth Observation System of Systems  
GEOSS Data-CORE  GEOSS Data Collection of Open Resources for Everyone 
GeoViQua  QUAlity aware VIsualisation for GEOSS (EC FP7 Project) 
GHI  Global Horizontal Irradiation (),  
GIGAS  The GEOSS, INSPIRE and GMES an Action in Support  
GML Geography Markup Language (OGC) 
HDF Hierarchal Data Format 
http hyper-text transfer protocol 
ICSU International Council for Science 
IEEE Institute for Electronic and Electrical Engineers 
IIB  Infrastructure Implementation Board 
IP Team Interoperability Program Team  
IRI International Research Institute on Climate and Society 
ISO  International Organization for Standardization 
KML formerly “Keyhole Markup Language” (OGC) 
MIM  Mission, Instrument, and Measurements  
MODIS  Moderate Resolution Imaging Spectroradiometer 
NDVI  Normalized Difference Vegetation Index 
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NetCDF Network Common Data Format 
OAI-PAH Open Archives Initiative - Protocol for Metadata Harvesting 
OGC Open Geospatial Consortium 
OPeNDAP Open-source Project for a Network Data Access Protocol 
OWL Web Ontology Language 
OWS  OGC Web Services 
PV  Photovoltaic 
QA4EO  Quality Assurance for Earth Observations 
RDF  Resource Description Framework 
RES  Renewable Energy Sources  
RM-ODP  Reference Model of the Open Distributed Processing   
RSS Really Simple Syndication 
SBA  Societal Benefit Areas  
SDI  Spatial Data Infrastructure 
SE Symbology Encoding  
SIF Standards and Interoperability Forum 
SIR  Standards and Interoperability Registry (GEOSS) 
SoA  Service Oriented Architecture 
SOS Sensor Observation Service (OGC) 
SPOT  Satellite Pour l’Observation de la Terre  
SPS Sensor Planning Service (OGC) 
SSO  Single Sign-On  
StP Sprint to Plenary 
THREDDS  Thematic Realtime Environmental Distributed Data Services 
UAF Unified Access Framework (NOAA) 
UIC User Interface Committee (GEOSS) 
UML  Unified Modeling Language (OMG) 
USGS  U.S. Geological Survey 
VCI   vegetation condition index () 
WaterML  Water Markup Language (OGC and WMO) 
WCS Web Coverage Service (OGC) 
WFS Web Feature Service (OGC) 
WFS-T  Transactional WFS 
WGISS Working Group on Information Systems and Services (CEOS) 
WGS  World Geodetic System  
WHO  World Health Organization  
WMO World Meteorological Organization 
WMS Web Map Service (OGC) 
WPS Web Processing Service (OGC) 
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