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SUMMARY 
 
 
The objective of this study is to identify bottlenecks that limit the use of earth observations and 
formulate strategies to remove these bottlenecks. The business process of (end-)user organizations 
plays a central role in the analysis. End-users are defined as potentially exposed to the benefits of 
earth observations, but are not inside the earth observations community yet. Decision makers form 
an important part of the end-user group. 
 
To analyze the business process of organizations a general model has been developed based on the 
UML modelling technique. The model describes the relationship between different entities 
(‘business objects’) in very general terms, such as ‘client’, ‘provider’ and ‘product/service’. This 
provides a reference framework for the quick identification of bottlenecks. To provide additional 
structure, the bottlenecks are placed in sequence according to the expert system development life 
cycle (initialization, system analysis and design, rapid prototyping, system development, 
implementation and post-implementation). Marketing for earth observations, as for any other 
expert system, needs to be synchronized with the phases in the life cycle of a particular product or 
service. 
 
Several factors determine marketing opportunities. Earth observations are now at the verge of 
reaching a whole new group of end-users. Applications have matured and are ready for the market. 
Another very important aspect is how to involve this new group of end-users. This does not only 
entail their technical capacity to deal with earth observation applications, but also a sense of 
ownership making it possible to empower new groups of end-users. For an application of earth 
observations to be successful for and with new groups of users it is important to look critically at the 
‘weakest link’ aspect. This is done by analyzing the whole chain from provider to end-user. 
 
The instruments to do this are capacity building and brokerage. Capacity building is defined here 
simply as ‘learning and being capable of adding something new and relevant to a previously defined 
purpose’ and brokerage is defined as ‘linking providers and (potential) users of a product or service’. 
In this light marketing is just capacity building and brokerage put together. It also implies that the 
process works both ways: marketing does not only entail ‘selling’ a certain product or service to 
clients, but also involves interaction with the earth observations community to find better ways to 
serve the client community. 
 
A preliminary analysis of the available data shows some trends in capacity-building needs for earth 
observations. The base flow consists of a regular need for professionals in geo-information, both in 
the technical substrata and in the applied disciplines. Another trend is that there is a need for short 
courses at all levels to familiarize professionals of all types with earth observations and their 
applications. This ranges from short courses for engineers or geographers with different 
backgrounds, to refresher courses for geo-information specialists (to keep up with developments), 
and seminars and workshops for decision makers. The potential demand for this type of capacity 
building is huge, as the benefits of earth observation applications become more and more apparent. 
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There are quite a number of capacity building initiatives and programs under implementation 
worldwide. Different regions experience different problems and challenges. Europe, North America 
and Australia struggle to get enough students interested in technical subjects, such as space science 
and earth observations, while for example in large parts of Asia there is a huge interest in these 
subjects. In many parts of the world funding is available and the choice to invest in earth observation 
capacity building is one of allocation, while in most parts of Africa there is a general shortage of 
resources. 
The analysis of bottlenecks and the need for capacity building yields the following action points for 
the GEONetCab project: 

1. Complete the inventory of open-source software and make an action plan for increased use 
for various purposes with partners in developing countries. 

2. Approach major providers of geo-information software to discuss increased support for 
capacity building initiatives with the aim to develop the market. 

3. Further investigate the use of Google Earth type applications. 
4. Complete the inventory of successful modes of delivery for capacity building minimizing the 

constraints of limited internet access. 
5. Further investigate the future possibilities of GEONETCast and related systems for capacity 

building and reaching new target groups. 
6. Provide general marketing for earth observation applications, directed at the end-user 

target group, including decision-makers, especially paying attention to capacity building 
opportunities. 

7. Alert the earth observations community to funding opportunities. 
8. Identify and collect success stories (in terms of income generation, sustainability, potential 

for replication, spin-offs from research, etc.). 
9. Provide feedback to the GEO community to ensure good synthesis in system development 

(involving end-users). 
10. Develop promotion material targeted at the donor community. 
11. Promote certification of short courses and compatibility between the systems used by major 

capacity building providers. 
12. Organize a workshop on performance indicators for capacity building in earth observations. 
13. Provide the GEONetCab website (and the GEO Portal) with information on capacity building, 

open-source software, success stories, funding opportunities and certification of courses. 
 

Products and services pertaining to each GEO Societal Benefit Area (SBA) are divided into categories. 
Each SBA is discussed, taking the following four dimensions into account: 

1. A distinction between earth observation product and service categories as part of the 
business process of organizations, 

2. The determination of the life cycle phases and the prospects of development towards 
maturity of these products and services (the vertical process), 

3. The regional spread of applications, and (to a lesser extent) research and development (the 
horizontal process), 

4. The optimal mix of marketing (capacity building and brokerage) efforts to support speeding 
up the vertical (towards application) and horizontal (towards replication) process for each 
product and service category. 
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The analysis of opportunities and bottlenecks for the GEO Societal Benefit Areas yields the following 
action points for the project: 

 Disasters 

1. Include capacity building material on disaster risk assessment, early warning, monitoring, 
damage assessment, prevention & planning, and community mapping in the GEONetCab 
capacity building web. 

2. Gather success stories about disaster risk assessment, early warning, and planning & 
prevention as promotion material for decision makers. 

3. Elaborate on specific case studies on successful application of wild fire early warning systems 
and disaster prevention & planning. 

4. Liaise with disaster coordination initiatives, such as Provention and the GEO Geohazards 
Community of Practice to optimize promotion. 

5. Liaise with insurance providers about funding opportunities and sponsoring of capacity 
building activities in developing countries. 

Health 
 
1. Include capacity building material on air quality forecasting, epidemics forecasting and the 

relationship between diseases and environmental factors on the GEONetCab capacity 
building web. 

2. Gather (potential) success stories on local applications in developing countries and 
investigate the possible role of GEONETCast. 

3. Liaise with the GEO Health Community of Practice with the aim to acquire funding for 
further development of health applications. 

 Energy 

1. Include capacity building material on resource assessment for renewable energy and energy 
resource exploration support on the GEONetCab capacity building web. 

2. Gather success stories on resource assessment for renewable energy and energy resources 
exploration support in cooperation with the GEO Energy Community of Practice that may be 
replicated in new markets. 

3. Promote resource assessment for renewable energy and energy resources exploration 
support with decision makers and international organizations with a mandate in this field. 

 Climate 

1. Include capacity building material on climate monitoring and modelling, carbon accounting 
schemes and the prediction and mitigation of the effects of climate change on the 
GEONetCab capacity building web. 

2. Identify outcomes of climate monitoring and modelling that yield results sufficiently robust 
for scenarios covering prediction and mitigation, or carbon accounting schemes in 
cooperation with the GEO Carbon Community of Practice. 

3. Use successful applications, for example practical studies into the prediction and mitigation 
of effects of climate change, to promote the use of earth observations amongst policy- and 
decision-makers in new markets. 
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 Water 

1. Include capacity building material on ocean topography, temperature & currents, ocean 
colour, drought monitoring & early warning, and hydraulic information systems on the 
GEONetCab capacity building web. 

2. Investigate whether current initiatives cover the introduction of earth observations for 
ocean topography, temperature, currents & ocean colour, and drought monitoring & early 
warning in developing countries and emerging economies sufficiently. 

3. If not, use success stories to market ocean and drought products and services to potential 
clients. 

4. Gather success stories on hydraulic information system applications for marketing in 
developing countries and emerging economies. 

5. Use hydraulic information system success stories for promotion in cooperation with the GEO 
(IWGCO) Water Community of Practice. 

Weather 
 
1. Include capacity building material on global & local weather forecasting and precipitation 

monitoring & forecasting on the GEONetCab capacity building web. 
2. Gather success stories on applications of GEONETCast for weather forecasting and 

precipitation monitoring & forecasting for marketing in developing countries and emerging 
economies. 

 Ecosystems 

1. Include capacity building material on marine & coastal ecosystems, terrestrial ecosystems 
and local applications for ecosystems, including protected areas, on the GEONetCab capacity 
building web. 

2. Gather success stories on local applications for ecosystems for marketing in developing 
countries and emerging economies. 

3. Promote local applications for ecosystems to decision makers, environmental organizations 
and protected area management. 

 Agriculture 

1. Include capacity building material on satellite based fishing, precision agriculture, monitoring 
& modelling of crop conditions, and forest monitoring on the GEONetCab capacity building 
web. 

2. Investigate whether current initiatives cover the introduction of earth observations for 
satellite based fishing in developing countries and emerging economies sufficiently. 

3. If not, use success stories to market satellite based fishing products and services to potential 
clients. 

4. Gather success stories on monitoring and modelling of crop conditions, with special 
emphasis on food security (in cooperation with the GEO (GLAM) Agriculture Community of 
Practice), and on forest monitoring in developing countries and emerging economies. 
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5. Promote applications for the monitoring and modelling of crop conditions and forests with 
national and local authorities and international organizations using (agricultural) production 
and food security as mandate. 

 Biodiversity 

1. Include capacity building material on biodiversity monitoring and modelling, invasive species 
monitoring and ecological forecasting on the GEONetCab capacity building web. 

2. Liaise with the GEOBON initiative to identify success stories for local application and 
promotion. 

 General 

1. Include relevant capacity building material on digital elevation models, sensor webs, 
property risk management, surveying & mapping, location based services, humanitarian 
issues, homeland security, satellite communication, land administration, and spatial data 
infrastructure on the GEONetCab capacity building web. 

2. Identify the added value of topics mentioned above for inclusion in the success stories used 
for promotion of the different product and service categories of the GEO SBAs. 
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1. INTRODUCTION 
 
 
The GEONetCab project is an FP7 project funded by the European Commission. The main objective 
of the project is ‘to create the conditions for improvement and increase of the GEO capacity building 
activities and framework, with special emphasis on developing countries, new EU member states 
(and EU neighbouring states), and climate monitoring, and will serve the bigger goal of improved 
effectiveness and efficiency of GEO capacity building for application in the GEO societal benefit 
areas. Coinciding with this purpose, successful brokerage with (potential) clients for earth 
observation products and services will be facilitated.’ The project runs from November 2009 to 
October 2012. A summary of the project can be found in Appendix 1. 
 
The project consists of the following work packages: 
WP 1 inventory of the current situation, 
WP 2 opportunities and bottlenecks, 
WP 3 connecting and building, 
WP 4 awareness and dissemination, 
WP 5 evaluation and follow-up for continuous brokerage functions, and 
WP 6 management. 
 
This report contributes to the following deliverables within work package 1 and 2: 
D1.0.1  existing capacity in earth observations; existing and potential markets for earth observation 

products and capacity building efforts, 
D2.0.1 opportunities and bottlenecks in earth observation brokerage and capacity building, and  
D2.0.2 opportunities for earth observations to contribute to customer-centred innovation of client 

organizations. 
 
These deliverables are joined, because of their internal cohesion and because unforeseen 
circumstances just after the start of the project caused some delays. However, this did create the 
opportunity to outline the overall marketing vision and approach of the project. D1.0.1 will be 
completed with the establishment of the capacity building database, which will also form the 
foundation of the capacity building web (work package 3.5.2). Further reporting on the analysis of 
this database will be part of D2.0.3 ‘Strategic document on the establishment of a platform of 
modules in capacity building for earth observations, including an estimate of what can be achieved 
in the time frame of this project’. A more detailed analysis of capacity building ability, bottlenecks 
and opportunities, based on this report, will complete deliverables D1.0.1 and D2.0.1. Regional 
aspects of capacity aspects will be dealt with in the synthesis report on regional diagnostics 
regarding capacity (building) in EO with analysis on gaps and priority issues (D1.1.1). The four 
regional studies will also describe opportunities for marketing, completing deliverable D2.0.2. 
Feedback from (potential) clients forms the basis of deliverable D2.0.4 ‘synthesis report, 
summarizing the findings of the interaction with (potential) clients and providing the general outline 
for a marketing strategy for earth observation products and services’. This deliverable will be 
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integrated in ‘earth observation products and services marketing part #2’. Reporting on this subject 
later in the time frame of the project is done in work package 5.  
 
As indicated throughout this document the GEONetCab project is compatible with the broader 
framework of GEO (group on earth observations) and GEOSS (global earth observations system of 
systems) and aims to contribute to the general purposes of these initiatives. 
 
The problem the GEONetCab project aims to solve is formulated as follows: 
More and more earth observation products and services are on offer for applications providing 
societal benefit and/or economic gain, but the general perception is that these products and services 
are not used (enough). The question then arises: why, if earth observations do provide added value, 
are they not used more in practice and integrated in general operations of public and private 
organizations? For this seeming contradiction three possible explanations exist: 

1. Earth observations do not provide sufficient societal benefit and/or economic gain; 
2. Earth observation products and services are used, but are generally not well known; 
3. There are a number of bottlenecks impeding the use of earth observations (and 

consequently the (end-)user misses out on the benefits). 
 
The next section presents a method for dealing with this problem and describes the different 
sections of this report.
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2. METHOD 
 
 
With respect to the problem stated in the previous section (earth observation products and services 
are not used (enough)) this study assumes that the third explanation is the correct one, without 
completely ruling out the first and second one (in some cases).  The objective of the study is 
therefore to identify the bottlenecks that limit the use of earth observations and formulate 
strategies to remove these bottlenecks. The study is not of a scientific nature, in the sense that the 
ultimate aim is not to create scientific publications, but rather is practical and heuristic: the ultimate 
aim is to solve this problem. The approach is more a journey of discovery, than a complete inventory 
of stock, although information will certainly be processed in great quantities to sustain the findings 
and arrive at sound conclusions. The focus is to build on existing information: to make new 
connections by rearranging and ‘ranking’ information in ways that lead to action. In time, and 
certainly during the course of the GEONetCab project, the results of this first study will be refined 
and improved upon, and its initially formulated hypotheses adjusted or maybe even discarded 
(hence also the part 1 in the title of this document). 
 
The business process of (end-)user organizations plays a central role in the analysis. If earth 
observation applications cannot provide added value to these processes, then all marketing efforts 
are useless. The model to structure data concerning business processes and earth observations is 
presented in section 3. Section 4 deals with the expert system development cycle: it describes the 
different stages of development of earth observation products and services. Capacity building efforts 
and brokerage activities differ with each life cycle phase. The project will act as a node in the GEO 
Portal network for capacity building and earth observation resources: the capacity building web. 
Section 5 provides an overview. Section 6 deals with the earth observation products and services 
categories. Within the framework of the GEO Societal Benefit Areas the different categories are 
discussed and marketing of applications is assessed, where possible accounting for regional 
differences. 
 
During the course of the project success stories about earth observations will be compiled, 
presented and used for promotion. In text boxes throughout this document the project partners 
already indicate some promising initiatives from their own experience they found particularly 
interesting. The project will also focus on quick-win projects, where, with little additional input, 
useful and replicable applications of earth observations are demonstrated. All this will be input for 
the project dissemination strategy and activities, which in turn is part of the brokerage initiative 
carried out by the project. Continuous feedback and development of this initiative is important and 
included in the workflow of the project (see figure 1 (next page)). 
 
The project does not carry out in-depth scientific studies or global market studies. It aims to build on 
existing material and complement ongoing marketing initiatives. This document is based on a 
literature study, and inputs and experiences of the project partners and members of the earth 
observations community. Most studies on the market for earth observation applications carried out 
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to date have concluded that end-users should be reached and involved. This project aims to take it 
from there and to work on  how this should be done. 

 
Figure 1: GEONetCab workflow 
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3. WHAT DOES THE END-USER WANT? 
 
 
For a better understanding of the added-value of earth observation applications in business or 
organizational processes a distinction is made between users and end-users. This distinction is not 
absolute, as a working definition it can be said that a user is part of the earth observation 
community, i.e. a large part of his/her work deals with earth observations, while for an end-user this 
is not the case. The end-users however, are potentially exposed to (the benefits) of earth 
observation applications and therefore could become users. This project is directed at end-users, 
both technical and non-technical. A special group of end-users are the decision makers. They will 
never become users, but are of cardinal importance when marketing earth observation applications. 
 
Several studies have underlined the importance of connecting with end-users of earth observation 
applications. To achieve this it is important to analyze the organizational (business) processes of 
potential clients matching the definition of end-user. It is also necessary to look at the position of 
earth observation applications in the life cycle (see next section): when products and services are 
still in development, it will be difficult to demonstrate sustained added-value to end-users. Analyzing 
business processes does not only result in marketing to end-users: feedback also has to be provided 
to the earth observation community to establish a fruitful interaction. This is the capacity building 
and brokerage process, as described in sections 5 and 6. 
 
To be able to analyze the business processes a general model has been developed, based on the 
UML modelling technique (see figure 2 (next page)). However, to work with or to understand the 
model the reader does not have to be familiar with this technique. The model describes the 
relationship between different entities (‘business objects’) in very general terms, with the business 
process of the client as focal point. The five main figures forming the core of the model are given in 
Appendix 2. The model has different layers to accommodate different types of clients and products 
and services. Similarly separate layers may be included for societal benefit areas or countries and 
regions. Providers of earth observation products and services might themselves be clients for other 
earth observation products and services: this is unproblematic as long as the different cases remain 
clearly distinguished. The model provides the reference framework for a quick identification of the 
bottlenecks described above and this in turn will be the basis for further analysis and determination 
of action to be taken in the project. It does not pretend to be either complete or correct at this stage, 
but does stake a consistency claim. The model is used as backdrop for the analysis of categories of 
earth observation products and services, as presented in section 6. 
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 Figure 2: Business model earth observation products and services - general concept  
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The so-called ‘classes’ of ‘earth observation products and services’ and ‘providers’ form the basis of 
the more detailed earth observation resources model presented in figure 3 (also a UML-model). The 
details of the model are given in Appendix 3.  
 

Figure 3: Overview earth observation resources model 

This model forms the basis for the database on earth observation resources, including capacity 
building products and services, on the GEONetCab website (which will of course be part of and 
linked to the GEO Portal). The UML model is set up in accordance with ISO standards. The project 
partners start to fill the database and after a critical mass is reached the earth observations 
community will be encouraged to join in. Perhaps the term ‘organic growth model’ is therefore the 
best description, as by entering data from different origins into the model, the model itself can be 
adapted and improved. 
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The success stories, both the ones presented in this report and the ones to be used for promotion of 
earth observation applications, will be connected and presented in the form of the earth observation 
resources model. The aim is to gain structural insight into the importance of the different phases of 
the life cycle (section 4), the effects of and on capacity building (section 5) and the impact on the 
different products and services categories (section 6). This in turn gives better insight in answers to 
the question ‘what does the end-user want’ and enables better targeting of client groups and 
improvement of the marketing of earth observations (work packages 3 and 4 of the GEONetCab 
project). 
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4. WHERE DO EARTH OBSERVATION PRODUCTS AND SERVICES FIT? 

 
 
An identification of bottlenecks and needs with respect to the use of earth observations is compiled 
and summarized. The list of bottlenecks and needs is derived from different GEO and other 
documents (see literature list). Those specifically related to, or with special consequences for, 
capacity building have CB added in brackets, and those where the GEONetCab project or other GEO 
promotion activities may play a particular role have B (for Brokerage) added in brackets. To provide 
structure, the bottlenecks and needs are placed in the order of first occurrence in a phase of the 
expert system development life cycle. The different phases of the life cycle of the expert system are: 

 
1. Initialization (problem definition, needs assessment, evaluation of alternative solutions, 

verification of an expert system approach, consideration of managerial issues); 
2. System analysis and design (conceptual design and plan, development strategy, sources of 

knowledge, computing resources, feasibility study, cost benefit analysis); 
3. Rapid prototyping (building a small prototype, testing, improving, expanding, demonstrating 

and analyzing feasibility, completing design); 
4. System development (building knowledge base, testing, evaluating and improving 

knowledge base, planning for integration); 
5. Implementation (acceptance by users, installation, demonstration, deployment, orientation, 

training, security, documentation, integration and field testing); 
6. Post-implementation (operation, maintenance and upgrades, periodic evaluation). 

The combination yields the following results: 

INITIALIZATION 

1. High cost of software licenses (use and development of open software needed). (CB) 
2. Easy and fast internet access is lacking (sufficient bandwidth needed). (CB) 
3. Insufficient capacity building resources to provide a sustainable human resource base. (CB) 
4. Lack of infrastructure to access, use and develop EO data and products (infrastructure for data 

access, analysis and distribution needed). (CB) 
5. Heavy financial constraints in general (boundary conditions). (CB) 
6. The information cannot be found, cannot be accessed or is otherwise not available. 
7. Need for identification of national providers and users of EO information as basis for an 

organizational strategy that connects to general policies and decision making processes (look for 
customer value). (B) 

 

SYSTEM ANALYSIS AND DESIGN 

1. Insufficient collaborative research for and in developing countries. (CB) 
2. Low rate of introduction and incorporation of EO courses in the regular curricula of higher 

learning institutions (universities). (CB) 
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3. The information is accessible, but not usable or reliable for forecasting or scenario development 
in different subjects. 

4. The information should be processed in a way that is fit to support the decision-making process. 
(B) 

5. Inertia and other constraints need to be overcome to develop new business models enabling 
public and private customers to adopt EO solutions. (B) 

RAPID PROTOTYPING 

1. Lack of expertise, infrastructure and mechanisms to validate earth observations with in-situ 
observations.  

2. Lack of consistency in approaches and methods for data collection, as well as type and quality of 
data collected (need for a reference system). 

3. The information is usable, but not shareable: lack of standardization of data, related difficulties 
in data sharing, lack of policy regulating access and sharing of geo-information data at different 
levels. 

4. Identification and selection of appropriate models and product generation. 
5. Need for more focus on capacity building and research to develop prototypes of EO operational 

models and products. (CB) 
 

SYSTEM DEVELOPMENT 

1. Insufficient linkage between stakeholders and user communities to determine the research 
agenda and CB requirements (based on common interest), resulting in uncoordinated initiatives 
without common vision, common purpose or communal action. (CB) (B) 

2. Inadequate promotion and dissemination of achievements, capabilities and opportunities at 
various levels of decision-making. (CB) (B) 

3. The information is shareable, but not timely delivered or up to date: inadequate quality of the 
information to support the decision-making processes.  

4. Development or enhancement of EO capacity and EO curricula at universities and other tertiary 
institutions (scientific level); training of trainers needs to be promoted to keep pace with 
changes in the environment and technology (refresher and vocational level). (CB) 

5. Need for adequate infrastructure for data storage and processing at the level of the end-user. 
 
IMPLEMENTATION 

1. Lack of performance indicators, standards for accreditation, and certification procedures for 
education in the field of EO (and for the use of EO in general). (CB) 

2. Institutionalization of CB to support proficiency in the development of EO applications and 
awareness of new applications. (CB) 

3. Identification of key partners (early adopters) at the different levels is crucial to assure the 
establishment of a structured policy supporting the flow of information and full participation of 
main stakeholders. (B) 

4. A common information platform is essential to assure cooperation between the different 
thematic networks and cross-cutting activities sharing EO data, technology and knowledge. (CB) 

5. Promoting the participation of research communities into established programs of EO research 
and technology development. (CB) 

6. Establishment of a locally driven institutional and policy framework, making use of local 
dynamics and organizational structures. 

7. Ensuring sufficient infrastructure for data dissemination and data utilization. 
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POST-IMPLEMENTATION 

1. Awareness raising at institutional level, including added value evaluation, user and use follow-up, 
and feedback to improve models and products. (B) 

2. Promoting networking and capacity building (refresher courses) at all levels, especially 
cooperation between developing countries. (CB) (B) 

 

The list presented above certainly provides conditions necessary for success. To fulfil these 
conditions, the aims and objectives of GEO are: 

- Create the GEO system of systems (GEOSS); 
- Coordinate and improve observation systems; 
- Provide easier and more open access to data; 
- Foster the use of EO (e.g. for science, applications, capacity building, …) -> … to answer 

society’s need for informed decision making; 
- Focus on societal benefit areas -> … to address the global issues of our time.1

 
 

There are of course specific regional components and differences. These will be addressed in the 
next section on capacity building and in the discussion per SBA of section 6. Important are the 
aspects ‘connecting with the end-user’ and ‘innovation’: smarter ways to design products and 
organize processes to reach consumers. There are of course regional differences: some countries 
may face constraints and needs belonging to the implementation phase of a particular product or 
service, while others may face constraints and needs belonging to the initiation phase of that same 
product or service. Based on the analysis in the following sections, conclusions are drawn about 
which bottlenecks should be tackled first and which success stories deserve to be copied elsewhere. 
 
 

                                                           
1 Source: GEO and the latest news, Alan Edwards, PPP, 2008 
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5. CAPACITY BUILDING: EXISTING AND POTENTIAL MARKETS 

 
 
Opportunities and the role of marketing 
 
Earth observations are now at the verge of becoming accessible to a whole new group of end-users. 
Applications have matured and are ready for the market. The authors are even convinced that 
general applications of earth observations will occur even if marketing efforts are not undertaken, 
but also realize that this may take a long time. It is necessary and beneficial to society to speed up 
the process and this involves making contact with new groups of end-users. The community of earth 
observation users has grown from a limited group of specialists to a broader community. Now is the 
time to facilitate the use of earth observations further, and accelerate its integration in regular 
organizational processes. To do this it is necessary to reach out to new groups of users and decision 
makers. To give an example: if one looks at the millennium development goals (MDGs), it is difficult 
to establish a direct relation between the individual goals and earth observations. But if one analyzes 
the individual goals and the whole process further, it becomes evident that earth observations can 
provide much added value. To make this clear is one of the aims of this project. 
 
Another very important aspect is the involvement of the new group of end-users. This does not only 
entail a technical capacity to deal with earth observation applications, but also a sense of ownership 
that makes it possible to empower these new groups of end-users. For example: drinking-water 
projects in developing countries can be implemented as a strictly technical exercise, but may also be 
used to improve the organizational capability of villages and neighbourhood groups and to create 
new dynamics of development. The latter aspect could be even more important. 
 
For successful application of earth observations for and by new groups of users it is important to 
look critically at the ‘weakest link’ aspect. This is achieved by analyzing the whole supply chain from 
provider to end-user. In earth observation terms this means that products and services should 
provide an adequate temporal, spatial, radiometric and spectral resolution and that they are reliable, 
sustainable, affordable and easily adoptable. 
 
The instruments to help achieve this are capacity building and brokerage forming the main objective 
of this project. Capacity building2

                                                           
2 Sometimes it is useful to subdivide capacity building into human resources development (supply of technical and 
professional personnel), organizational strengthening (increase management capacity of organizations) and institutional 
strengthening (increase the capacity of organizations to develop and negotiate appropriate mandates and modus operandi, 
as well as appropriate (new) legal and regulatory frameworks (Georgiadou and Groot, 2002). 

 is defined here simply as ‘learning and being capable of doing 
something new and relevant to a previously defined purpose’ and brokerage is defined as ‘linking 
providers and (potential) users of a product or service’. Consequently, marketing is just capacity 
building and brokerage put together. It also implies that the process works both ways: marketing is 
not only ‘selling’ a certain product or service to clients, but also interaction with the earth 
observation community to find better ways of serving the client community. To summarize: 
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marketing involves selling earth observation applications as well as providing feedback about client 
needs for earth observations. 
 
 
Trends 
 
The key to a successful approach to capacity building is extending the existing capacity3

 

. To do that 
the existing capacity in earth observations has to be assessed. This is not an easy task, as earth 
observations are not only integrated in geo-information, but (like geo-information) are embedded in 
many different disciplines. As described in section 3, the inventory based on the simple UML-model 
provides a first insight and forms the basis for further development and refinement (work package 
3.5.1). Still, some trends can already be distinguished and are described below. 

In many cases applications of earth observations are still in the initialization, design, prototyping or 
system development phase. Markets (and funding opportunities) are therefore not well developed 
yet. Market studies, such as the remote sensing study by Global Insights/NOAA for North and South 
America, Asia, Africa, Europe and Australia show a continued upward trend in remote sensing data 
use and predict strong growth for the remote sensing sector. This is confirmed by other studies, 
even when the current economic crisis is taken into account. If the market really expands, there will 
be an accompanying strongly growing demand for capacity building. 
 
A preliminary analysis of the available data shows some of the trends in capacity building needs for 
earth observations. The base flow consists of a regular need for professionals in geo-information, 
both in the technical substrata, such as cartography, surveying, visualization, database management, 
web services, spatial data handling, and geo-statistics, and in applied disciplines, such as water and 
natural resource management, agriculture, urban planning, earth sciences, meteorology, 
oceanography, and land administration. This need ranges from the vocational/technologist level to 
the masters/PhD level. There is not much information available and the situation differs per region, 
but the general assumption is that in most developed countries there is a steady, slow growing, but 
limited number of job opportunities available. In developing countries and emerging economies the 
situation may be different. Once a certain level is reached it is assumed demand will stabilize. Ball 
park figures for a developed country with a mature geo-information market are 3 – 5 geo-
professionals per 10,000 inhabitants with a 20-40-40 ratio between university, polytechnic and 
vocational. The regular annual inflow needed to match demand and supply is estimated at 5 – 10 % 
of the total geo-information workforce. The demand is usually served through the regular 
educational system of the country concerned. 
 
The other trend is that there is a need for short courses at all levels to familiarize professionals of all 
types with earth observation and its applications. This ranges from short courses for engineers or 
geographers with different backgrounds, to refresher courses for geo-information specialists (to 
keep up with developments), to seminars and workshops for decision makers. As mentioned above, 
the potential demand for this type of capacity building is huge, as the benefits of earth observation 
applications become more and more apparent. The number of different subjects is also substantial 

                                                           
3 Building on capacity, Molenaar en Beerens, 2005 
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as the discussion on the different Societal Benefit Areas in section 6 will show. This demand is partly 
addressed by the regular educational system and partly by specialized organizations and/or special 
initiatives in a project or program format.  
 
To successfully cater to this growing demand for capacity in earth observations and create a truly 
international dimension, issues such as certification of training, cross-border recognition of 
diploma’s and certificates, and quality assurance become very important. This is of course a very 
ambitious exercise; within the framework of GEO various workshops have been organized to address 
the issue of cross-border recognition. The first step should be certification of international short 
courses on earth observations, allowing for all big players to keep or establish their own systems, but 
at the same time ensuring coordination and compatibility (a ‘GEOSS within GEOSS’ for capacity 
building). 
 
The GEONetCab capacity building web would be the home base for this ‘capacity building GEOSS’ 
within GEOSS, forming a node within the GEO Portal network. This website should provide as much 
material as possible for free, and accompanied by references to other sites with training materials. 
Partners, including the GEONetCab project partners, are strongly encouraged, but not obliged, to 
provide capacity building material at no cost. As the recent example of the Massachusetts Institute 
of Technology has shown, the trend is to disclose the curriculum and contents of lectures to the 
general public, as the most prized commodity of educational and research institutions is not their 
material, but their intellectual capacity. 
 
 
Global and regional aspects 
 
The general components of capacity building initiatives are technical assistance (such as advice, and 
curriculum development), facilities (buildings, equipment and instruments, hard- and software, 
library, etc.), training, joint research, and general management. The modalities for training range 
from seminars, distance education, tailor-made courses, regular short courses, and diploma courses 
(technologist level) to BSc, MSc, and PhD education. These activities are usually directed at 
professionals and students. In some countries4 the education of geo-information also receives 
attention in secondary schools, or even in primary schools. From this variety of capacity building 
tools, the best packages have to be composed to address different problems and target groups. It is 
clear that a ‘one-size fits all’ approach will not offer the optimal solution. An important aspect to 
keep in mind is that capacity building, certainly in the form of institutional strengthening, is a long-
term process: the common perception is that the time it takes to start a program almost from 
scratch and to develop it into a sustainable program with (joint) research is about 10 – 12 years5

 
. 

There are quite a number of capacity building initiatives and programs under implementation 
worldwide. Long-term players in global earth observation capacity building are the regional centres, 
resorting under the United Nations office for outer space affairs (UN-OOSA): 
- the centre for space science and technology education in Asia and the Pacific (CSSTEAP) in India; 

                                                           
4 Such as in Rwanda with support from ESRI. 
5 Common experience of IRD and ITC. 
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- the African regional centre for space science and technology education in English (ARCSSTE-E) in 
Nigeria; 

- the African regional centre for space science and technology education in French (CRASTE-LF) in 
Morocco; and 

- the regional centre for space science and technology education in Latin America and the 
Caribbean (CRECTEALC) in Brazil and Mexico. 

Capacity building by CRASTE-LF 

 

For more than 10 years, the African regional centre for space science and technology education in French 
(CRASTE-LF) in Morocco has provided training at masters and practical level for the French (and Portuguese) 
speaking African region. Through cooperation with organizations that work in the field of earth observations 
(UN-OOSA, ESA, CNES, Eumetsat, USGS, NOAA, WMO, WHO, etc.) and organizations in the region (ACMAD, 
AGRIMETH, CRTS, DMN, ASAL, CNTC, CENATEL, etc.) CRASTE-LF has promoted application of the latest 
developments in earth observation for development. CRASTE-LF now has more than 1,000 alumni, all active in 
application fields such as irrigation, urban planning, mining, and of course education. 

 
Examples of other knowledge institutions long since catering to a worldwide public are ITC (faculty 
of geo-information and earth observation, university of Twente) in the Netherlands and ISU 
(international space university) in France. In Africa the regional centre for training in aerospace 
surveys (RECTAS) in Nigeria, and the regional centre for mapping of resources for development 
(RCMRD) in Kenya, play an important role. 
 
As these examples show, it is difficult to do justice to all the existing and planned capacity building 
initiatives in earth observation. The project will therefore create an interactive web-facility, linked to 
the GEO portal, that provides information on and links to as many capacity building initiatives as 
possible (work package 3.5). 
 
The following list just shows the great variety of initiatives that exists: ITC’s joint education program, 
DLR’s capacity building initiative, ESA’s space education for kids, JAXA’s mini projects coordinated by 
AIT, the EnviroGrids project for the Black Sea catchment, the SEOCA project for Central Asia, 
tutorials for personalized geo-information on Google Earth, the CAPaBLE program for Asia/Pacific, 
etc. 
 
Different regions experience different problems and challenges. Europe, North America and 
Australia struggle to find enough students interested in technical subjects such as space science and 
earth observations, while for example in large parts of Asia there is a huge interest in these subjects. 
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In many parts of the world funding is available and the choice for investment in earth observations 
capacity building is one of allocation, while in most parts of Africa there is a general shortage of 
resources. 
 
This is precisely the reason why Africa receives special attention in earth observation capacity 
building, also by means of this project. Some examples of ongoing efforts in Africa are: IRD/CNES 
programs, ITC’s joint education programs, SERVIR, TIGER, AMESD, national programs and programs 
funded by multi- and bilateral donors. South-south cooperation is also becoming more and more 
important. Most of these initiatives are supported by different fellowship programs facilitating 
capacity building in earth observations (and many other subjects) by sponsoring a study abroad. 
 
Another preliminary observation that applies to most countries in Africa is that there is an overall 
shortage of capacity, but that, on the other hand, the number of professionals and scientists trained 
to PhD and MSc level is relatively high. This is confirmed by the work these highly skilled 
professionals (have to) do in practice. There is a huge need for professionals at technologist level. 
This is confirmed by the demand for existing courses at this level6

 
. 

Earth observations education in the Czech Republic 

 

Earth observation education is a key element in the process of EO capacity building. Not only university 
educated people, but also high school and elementary school students and a wide range of public employees 
should be able to use EO data and tools. For this purpose several successful activities have been developed by 
Charles University, Faculty of Science: 

1) CITT-ESF project: 2,000 people trained in GIS, GPS and EO and study materials published and 
disseminated; 

2) Education at high schools using LEOWorks software; 
3) Earth observation lessons on the basic principles of EO and data source possibilities for high schools 

and management of national parks; 
4) Publications and practical information about EO in a popular geographical magazine for high schools 

and elementary schools (teachers and students); and 
5) Preparation of an Academy of Geoinformatics Skills in cooperation with the Ministry of Education. 

 
The European Space Agency is a strong partner in educational activities. Through this range of activities target 
groups such as students, teachers and public administrators have been reached and interest is created in 
investing in long-term capacity building. 

                                                           
6 Such as the 9-month technologist courses in geo-informatics given by ITC and partners in Tanzania and Ghana. 
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Link with GEO capacity building tasks 
 
Within GEO are the following GEO capacity building tasks: 
 
CB-09-01 ‘resource mobilization (Seville roadmap)’  
There is an overlap with this project, WP 3 (connecting and building), 4 (awareness and 
dissemination) and 5 (evaluation and follow-up for brokerage) basically cover this task. 
 
CB-09-02 ‘building individual capacity building in earth observations’  
The project has a link with subtask a) ‘recognition of cross-border education’ through WP 3.5 
(capacity building web). Subtasks d) ‘CBERS/GEO network’ (WP 4) and g) ‘GEONETCast training’ can 
be used as success stories. 
 
CB-09-03 ‘building institutional capacity building in earth observations’  
There is definitely a link with the task in general, although the project does not link specifically to 
any of the current subtasks. 
 
CB-09-04 ‘capacity building needs and gap assessment’.  
WP 1 (inventory) and 2 (bottlenecks and opportunities) of the project should deliver the results for 
subtask a) ‘identifying best practices, gaps and needs’. There is a link with b) ‘capacity building 
performance indicators’: a workshop on the subject is planned in WP 4. The IOC principles for 
capacity building report and BGR capacity building in GEOSS document are used as reference for this 
subtask. 
 
CB-09-05 ‘infrastructure development and technology transfer for information access’. 
The project has links with the task in general, but not specifically with any of the current subtasks.  
 
CB-10-01 ‘building capacity through outreach and awareness raising’.  
There is a link with WP 4 of the project. 
 
There is also a relation with GEO-tasks ST-09-01 ‘catalyzing R&D funding for GEOSS’ and US-09-01 
‘user engagement’. The results of this study and future actions resulting from the project will be 
shared and, where applicable, carried out jointly with the coordinators of these tasks. 
 
 
Analysis of bottlenecks and needs 
 
The analysis presented below is based on the issues relevant to capacity building indicated in section 
4. Each constraint and need is dealt with and further treatment in relation to SBAs is taken up in the 
next section. Action points for the GEONetCab are formulated to reach the end-user (‘last mile’ 
aspect) and to remove bottlenecks and satisfy needs (‘weakest link aspect’). 
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Initialization 

This constraint affects developing countries most and can be removed by making use of free or low-
cost software. There are a number of free packages available, such as GRASS, SPRING and ILWIS, that 
are accessible, free and available in different languages. The market leader in geo-information 
software, ESRI, sponsors activities in developing countries. For instance, ESRI not only provides free 
software to ITC graduates, but also to ITC’s education partners in developing countries and their 
graduates. Also, more and more people are getting familiar with web-based initiatives such as 
Google Earth and quite a number of manuals and tutorials have been developed to facilitate use for 
specific purposes. 

High costs of software licenses (use and development of open-source software needed) 

 
Action points for the project: 

1. Complete the inventory of open-source software and make an action plan for increased use 
for different purposes with partners in developing countries. 

2. Approach major providers of geo-information software to discuss increased support for 
capacity building initiatives with the aim of market development. 

3. Investigate the use of Google Earth type applications further. 
4. Put the opportunities derived from actions 1 – 3 on the GEONetCab website (as part of the 

capacity building web) and create a link with the GEO Portal. 
 

Again, this constraint is most severely felt in developing countries, often accompanied by the more 
traditional problem of power outages. New modes of delivery of data and capacity building material 
in the form of, for example, the GEONETCast initiative, can help solve (parts of) this problem. 
Distance education by satellite is already applied successfully in several countries, for instance in 
India (ISRO/IIRS). As long as easy and fast internet are not readily available, other modes of data 
distribution have to be considered, such as through CDs. ITC, for example, uses a combination in its 
distance education courses (with participants all over the world): the software, course material and 
data are sent by courier (on CD) and the actual communication during the course is done through 
the internet. 

Easy and fast internet access is lacking (sufficient bandwidth needed) 

 
Action points for the project: 

1. Complete the inventory of successful modes of delivery of capacity building that minimize the 
constraints of limited internet access. 

2. Further investigate future possibilities of GEONETCast and related systems for capacity 
building and gaining access to new target groups. 

3. Put the opportunities derived from actions 1 – 2 on the GEONetCab website (as part of the 
capacity building web) and create a link with the GEO Portal. 

 

This is a general constraint that is being addressed by GEO and other initiatives. If the other capacity 
building constraints are removed and the needs are satisfied, then this problem will also be solved. 

Insufficient capacity building resources to provide a sustainable human resource base 
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This is again a general constraint, addressed by GEO and other initiatives. The problem is tackled in 
two ways: on the one hand more and better infrastructure is provided, on the other hand ways are 
sought to provide cheap, easy to use and robust alternatives (see the GEONETCast example). 

Lack of infrastructure to access, use and develop EO data and products (infrastructure for data 
access, analysis and distribution needed) 

 
SPOT 5 multi-user government licence, South Africa 

Access to data is a major bottleneck in the usage of Earth Observations (EO). This is especially a big challenge 
for Africa. Low-cost access to Landsat improved the situation. However, access to high-resolution data is still a 
major problem. South Africa is not immune to this problem. 

Various government agencies in South Africa formed a partnership to source high-resolution data, with the CSIR 
Space Application Centre in a brokering role. An agreement was made with Spot Image, for a multi-user 
government licence for Spot5 data. 

The project ran for a total of 5 years and provided the following added value: 

• Cost reduction on data access; 
• Data available at project level and annual coverage of the whole country; 
• Access to high resolution data (from 30m to 2.5 m); 
• Enhancement of processing capability. 

 
The Eskom Spot Building Count (SBC) project presents a typical example: 

Eskom, the South African power utility, used the Spot5 data to map built-up areas. Through the capturing 
process using Spot5 data, different classes were classified (dwellings, schools, hostels, townhouses, mines, 
resorts, dense informal settlements, industrial and commercial structures). Eskom has made the 2008 SBC 
dataset available to all government departments and research and academic institutions at no cost. 

 “The availability of Spot5 multi-user license has enabled Eskom to continuously (yearly) update the SBC, which 
Eskom uses for electrification planning, load forecasting studies, electrification backlog, identification of fast 
growing areas and growth trends amongst others.” Nale Mudau, Eskom 
 
 
 
 
 
 
 
 
 
 
 
 Updated SBC base layer – 2006 (blue), SBC 2009 update showing buildings (blue points) 
 2007 (green) and 2008 (red) outside the transformer feeder zone (yellow circles) 
 

 

This is the perennial constraint for all activities and requires a combination of marketing and 
demonstrating added value. 

Heavy financial constraints in general (boundary conditions) 

 
Action points for the project: 

1. Provide marketing for earth observation applications (general task of this project). 
2. Alert the earth observation community to funding opportunities. 
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3. Identify success stories in terms of income generation and sustainability. 
4. Put the opportunities and information derived from actions 1 – 3 on the GEONetCab website 

(as part of the capacity building web) and link them to the GEO Portal. 
 
System analysis and design 

This constraint has several different aspects. Firstly, in developing countries there is a lack of 
absolute research capacity. Secondly, developing countries are not perceived to be an interesting 
market for targeted solutions. And thirdly, when an effort is made, products and services are usually 
one-to-one copies from other environments and consequently not suited to the particular situation 
on the ground. Most emerging economies went through this stage and have managed to establish a 
good research environment (EMBRAPA in Brazil is often used as an example). Apart from supporting 
all aspects of capacity building, showing the possibilities of building research capacity from within 
may help. 

Insufficient collaborative research for and in developing countries 

 
Action points for the project: 

1. Identify and collect success stories from emerging economies and developing countries in 
setting up a research culture for country-specific solutions7

2. Put the success stories on the GEONetCab website (as part of the capacity building web), link 
them to the GEO Portal, and use them for the dissemination toolkit. 

 in earth observations. 

 

This general constraint is addressed by GEO and other initiatives. General promotion and capacity 
building activities will remove this bottleneck, as earth observations will become more popular and 
mainstream. 

Low rate of introduction and incorporation of EO courses in the regular curricula of higher learning 
institutions (universities) 

 
Rapid prototyping 

The need for more focus on development of prototypes is very much related to the need for setting 
up a good research environment. The actions relating to the project are therefore the same. 

Need for more focus of capacity building and research on development of prototypes of EO 
operational models and products 

 
System development 

This constraint is very important. It is one of the main objectives of GEO to improve the link between 
all stakeholders. Regarding reaching the user community great progress has been made. The next 
step is the involvement of end-user communities, which are not necessarily earth observation 
oriented. 

Insufficient linkage between stakeholders, user communities to determine a research agenda and CB 
requirements (based on common interest), resulting in uncoordinated initiatives without common 
vision, common purpose or joint action 

 
 

                                                           
7 And also for development of prototypes (see below). 
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Action points for the project: 

1. Ensure that all the promotion material developed by the project is directed at and intelligible 
for the end-user, including decision makers. 

2. Ensure that the capacity building opportunities identified and highlighted by the project are 
accessible to and brought under the attention of the end-user, including decision-makers. 

3. Provide feedback to the GEO community to ensure good synthesis in system development (i.e. 
end-users, including decision-makers, are also involved in products and services 
development). 

 

This is one of the great impediments hampering the general acceptation and adoption of earth 
observation applications by a wider public. GEO has been instrumental in addressing this constraint 
in general and has put earth observations on the map. Now it is time to take a next step and increase 
the promotion and dissemination to specific target groups (see also section 6). The corresponding 
increase in interest will also lead to new opportunities for capacity building. 

Inadequate promotion and dissemination of achievements, capabilities and opportunities at various 
levels of decision-making 

 
Action points for the project: see above at ‘insufficient linkage…’. 
 

GEO has made great headway in achieving this and the GEO process is a catalyst in itself ensuring 
research participation dynamics. 

Promote the participation of research communities into established programs of EO research and 
technology development 

 
Action points for the project: see above at ‘heavy financial constraints…’. 
 

This need is most pressingly felt in developing countries. Institutions with a mission towards both 
development cooperation and earth observations, such as the UN centres mentioned above, are 
addressing this need. There is quite a range of initiatives, but in general it is difficult to convince the 
donor community of the direct relevance of earth observation for development as the subject does 
not clearly match any of the established support categories. 

Develop or enhance EO capacity and EO curricula at universities and other tertiary institutions 
(scientific level); promote training of trainers to keep pace with changing environments and 
technology (refresher and vocational level) 

 
Action points for the project: 

1. Provide links to existing EO curricula and free material through the GEONetCab website. 
2. Develop promotion material targeted at the donor community to show successful earth 

observations and create interest in investing in capacity building and system development for 
earth observations. 
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ITC’s joint education program 

ITC is an international education institute established in 1951 with the express purpose of training midcareer 
professionals from organizations in developing countries. What started as training in aerial photography, 
photogrammetry and cartography, has evolved over the years into training in GIS and remote sensing and how 
to apply these technologies and techniques to various fields, such as urban planning, natural resources 
management, and the like. The professionals that came for training were groomed to become the backbone of 
national organizations in the field of geo-information science and earth observations, from Ministries, survey 
and mapping organizations, universities, and training schools to NGO’s.. 

Being an institute for postgraduate training, ITC offered a broad range of courses at Diploma and Master of 
Science level. Most students opted for MSc courses with a duration of 18 months. Thousands of students came 
to the Netherlands, studied for one and a half years, and returned to their home country with a degree. But 
over the years, changes in the world’s society have resulted in changes in the demand for ITC’s products and 
services, particularly education. Client organizations have indicated that mid-career professionals in important 
decision-making positions, or with the potential to grow into such positions, have difficulty finding time to be 
away from their work and home for extended periods. 

In response to this increasing demand for flexibility in courses, ITC has entered into partnerships with 
reputable qualified educational organizations for the purpose of providing joint courses in several countries. 
Under this arrangement, (part of) a course leading to a recognized ITC degree, diploma or certificate can be 
conducted in the student’s home country. These courses are called Joint Education Programmes or JEPs. To 
give an example, in China ITC and Wuhan University cooperate in a joint M.Sc. course on urban planning and 
management. Students spend the first 6 months in Wuhan, where they will be taught the basic introductory 
modules on GIS and RS, as taught at ITC. Then they transfer to ITC for 6 months to participate in some 
specialized modules and write a thesis proposal. After that, they return to Wuhan to undertake their research, 
write their thesis and take the examination. The examination board includes an ITC professor. If the student is 
successful, he/she will be issued with a double degree, i.e. from both ITC and Wuhan University.  

ITC first embarked on its JEPs in 2002. At present, 15 joint courses are in progress and three are under 
development. The JEPs are operational in countries such as Ghana, Kenya, Tanzania, Nigeria, China, Vietnam, 
Indonesia, India, Iran, Bolivia and Mexico. Through these JEPs, ITC has a much wider outreach than would be 
the case if it only provided courses and programmes in The Netherlands. 

JEPs: KEYS TO SUCCESS 

• Developed in response to customer demand; 
• Close cooperation with established local institutions; 
• Tailored to the need of the country; 
• Cheaper to offer and run. 

 
JEPs: APPROACH 

• Select a partner (through a SWOT analysis of national universities); 
• Jointly draft a Curriculum Development Plan; 
• Write and agree on the Business Plan; 
• Undertake a Training of Trainers programme; 
• Implement the joint course. 

 
JEPs: IMPLEMENTATION STRATEGY 

• Obtain proper accreditation; 
• Ensure embedding in the national higher education system; 
• Most importantly, use marketing to ensure a steady influx of students.  
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Implementation 

This is also a general constraint for capacity building. The issue is addressed by GEO through the 
subtasks on cross-border recognition and performance education. An additional difficulty is that this 
is not only a problem for earth observation education, but for international education in general. 
The worldwide problem is too big to tackle with GEO, let alone the GEONetCab project. The project 
therefore focuses on those elements that really stand in the way of capacity building for concrete 
applications, starting with short courses. 

Lack of performance indicators, standards for accreditation, and certification procedures for 
education in the field of EO (and for the use of EO in general) 

 
Actions for the project: 

1. Promote the use of certification for short courses on earth observation and promote 
compatibility between the systems used by major capacity building providers. 

2. Put the certification results, or at least the acquired capabilities, of the different courses on 
the project website. 

3. Organize a workshop on performance indicators for capacity building (WP 4), focusing on 
bottlenecks and needs to ensure successful applications of earth observations. 
 

Traditionally this is one of the main bottlenecks in capacity building. In a lot of projects and 
programs capacity building is included and it often forms an important component of the initiative, 
but during the implementation phase it becomes an afterthought covered only (partly) at the very 
end. The GEO capacity building committee aims to achieve institutionalization of capacity building 
for earth observation. The contribution of the project to achieving this aim is highlighted by the 
actions presented above. 

Institutionalize CB to support proficiency in the development of EO applications and awareness of 
new applications 

 
A common information platform is essential to assure cooperation between the different thematic 
networks and cross-cutting activities sharing EO data, technology and knowledge
The GEO Portal aims to be this common information platform. The goal is to direct customers 
through its network of networks to the right place at the right time. To accomplish this for capacity 
building is one of the main tasks of the GEONetCab project. The project website, linked to the GEO 
Portal, provides the common information platform. The different activities related to the website 
are presented above. 
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GIDEON – geo-information facility for The Netherlands 

All public sector parties in The Netherlands which have the responsibility to gather, manage and use geo-
information, have started to collaborate on a joint key information facility. This facility, called GIDEON, is to be 
completed by the end of 2011. The first initiative to set-up a national data infrastructure in The Netherlands 
started about 20 years ago. 

For the government, geo-information provides plenty of opportunities for improving communication and 
interaction with the public and businesses. The Netherlands has an excellent knowledge base and a wealth of 
high quality geo-data suppliers and services. However, clear national guidelines and coordination have been 
lacking, which leads to fragmentation of the geo-data. Data are sometimes hard to find, the costs of use are 
relatively high, and the conditions for use vary greatly and are often restrictive. 

Through GIDEON: 

• The public and businesses will be able to retrieve and use all relevant geo-information for any 
location, 

• Businesses will be able to add economic value to all relevant government-provided geo-information. 
• The government will use the available information for each location in its work processes and services. 

 
GIDEON’s structure is formed in accordance with the principles set down in the INSPIRE framework directive. 
The Ministry of Housing, Spatial Planning and Environment is managing the GIDEON implementation strategy. 

 
 
Post-implementation 

This need is addressed by the GEO process in general and in particular through the work on capacity 
building. The planned creation of a GEO capacity building network group on Facebook is an example. 
Through the GEONetCab project website, its promotion activities and the continuing flow of 
information on success stories, updated information is provided on capacity building and new 
developments. The specific activities are already presented under the previous headings. 

Promote networking and capacity building (refresher courses) at all levels, especially cooperation 
between developing countries 

 
As mentioned above, the integration of earth observation in the business process of organizations is 
the determining factor for interventions in capacity building. To do this successfully, not only the 
supply side will have to be analyzed (existing capacity building and efforts to improve the existing 
capacity), but also the demand side: actual and potential needs emanating from the business 
process. The next section gives a first overview. 
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6. THE GEO SOCIETAL BENEFIT AREAS: OPPORTUNITIES AND 
BOTTLENECKS 

 
 
For each GEO Societal Benefit Area a quick and preliminary analysis has been performed8

 

 to 
determine where the highest impact and added value may be obtained for the end-user in using 
earth observations (also aiming at creating a snowball effect). To do this, it is important to analyze 
the different Societal Benefit Areas of GEO in relation to already successful and promising earth 
observation interventions.  

Each Societal Benefit Area is divided into different categories of products and services. Where great 
minds, such as Aristotle and Kant, have tried to construe the world in terms of categories, and failed, 
we do not see the categories as absolute and given, but rather as workable distinctions as perceived 
by the end-user. 
 
General actions for capacity building are already described in the previous section and aim to cover 
all Societal Benefit Areas. Specific actions for the project are formulated below, based on the 
analysis per products/services category and taking into account the constraints and needs identified 
in section 4 with special relevance to brokerage. Project activities will be selected to provide 
maximum added value: some products and services categories will already be well covered by 
current promotion activities, while others will need special attention. A similar distinction will be 
made with respect to constraints and needs for different regions. 
 
All the constraints related to brokerage emphasize the need to reach out to decision-makers and 
end-users throughout all expert system life cycle phases (see section 4).  The phase in the life cycle 
determines the type of marketing needed for each product services category. In early phases 
marketing will be more directed at research and development, and in later phases more at 
applications. The regional distribution of applications of earth observation is something that also has 
to be taken into account. Applications, which have been implemented in certain regions, may not 
have been replicated in others yet. This will determine the type of capacity building and promotion 
effort best suited to a particular situation. 
 
In summary, there is a framework with four dimensions: 

1. A distinction between categories of earth observation products / services, as part of the 
business process of organizations; 

2. The determination of the life cycle phase and the prospects of development towards 
maturity of these products and services (the vertical process); 

3. The regional spread of applications and (to a lesser extent) research and development (the 
horizontal process); 

                                                           
8 From various GEO-documents plus other sources. 
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4. The optimal mix of marketing (capacity building and brokerage) efforts to support speeding 
up the vertical process (towards application) and horizontal process (towards replication) for 
each products / services category. 

This framework also forms the general foundation for an evaluation mechanism. Once the baseline is 
established, performance indicators are derived from the increased vertical and horizontal spread.9

 

 

Disasters 
 
For the assessment of the disaster SBA a distinction is made between the following categories of 
product lines: risk assessment/simulation models, forecasting/early warning, monitoring, damage 
assessment, prevention/planning and a general category. In view of marketing opportunities this 
type of partitioning is preferred to categorizing per type of disaster (volcanic eruptions, landslides, 
earthquakes, floods, droughts, etc.). The description of the different topics is meant as illustration 
from a marketing perspective and does not pretend to present a complete overview. 
 
In the category ‘risk assessment/simulation models’, examples are ocean surface topography and 
subsidence detection.  Ocean surface topography products are directed at hurricanes and typhoons 
and therefore mainly serve a governmental market. In some regional areas there are products 
available in the implementation phase (NASA twitter service for hurricanes in the US). The initiative 
aims at worldwide coverage. The status of worldwide operational use and capacity building 
requirements is not clear yet. For a successful implementation in other regions alternative options 
for dissemination may have to be considered. 
 
Subsidence detection for the prediction of landslides and earthquakes is directed at the government 
and local government market. An example is the Italian landslide inventory project (IFFI). Earth 
observations (CORINE land cover) form the basis of the inventory, the project relies heavily on 
airborne photography. WebGIS applications are developed for local authorities. For successful 
promotion in other regions of the world an analysis has to be made, which data apart from earth 
observations are essential. After such a feasibility assessment, capacity building takes place through 
a series of short courses, especially paying attention to WebGIS and other tools that serve local 
authorities and disaster management agencies. 
 
The related GEO-tasks are DI-09-01 ‘monitoring for geohazards risk assessment’ (including the work 
of the geohazards community of practice) and DI-09-02 ‘multi-risk management and regional 
applications’. 
 
Promotion and capacity building for risk assessment will be included in the project activities for 
planning and prevention (see below). Specific actions as part of the project: 

1. Include disaster risk assessment capacity building material in the GEONetCab capacity 
building web. 

2. Gather success stories for general promotion aimed at decision makers. 

                                                           
9 A complicating factor with an evaluation mechanism for GEO will be to distinguish between GEO-induced developments 
and developments caused by other factors. 



27 
 

 
In the product line forecasting/early warning wild fire early warning forms an example. A system 
that makes use of MODIS and MSG is operational in South Africa (see next text box) and there are 
also examples from Asia. In the framework of GOFC-GOLD activities have been organized directed at 
fire warning in Africa. Clients are mainly governments and utility companies. Requirements for 
capacity building are short courses in the use of MODIS and MSG imagery as well as operation and 
maintenance of basic infrastructure. Opportunities for marketing are ‘spreading the gospel’: a 
combination of sharing experiences, promotion with success stories, capacity building and 
facilitating reception of the required images. Infrastructure requirements are small and should not 
pose too much of a constraint.  
 
Tsunami early warning is another example of the forecasting/early warning product line. 
Sophisticated systems are operational now for the Indian Ocean and, by nature, the clients are the 
governments of the countries possibly affected. Increased speed and accuracy and better 
coordination are the main advantages of earth observation applications for forecasting/early 
warning. Promotion and capacity building activities are similar to the ones for the early warning 
system for hurricanes (see above).  
 
The related GEO-tasks are DI-09-02 ‘multi-risk management and regional applications’ and DI-09-03 
‘warning systems for disasters’. 
 
Early warnings on tsunamis and hurricanes receive international attention. Early warning systems on 
wild fires can be established with relatively modest means and capacity building inputs. Specific 
actions as part of the project: 

1. Include disaster early warning capacity building material in the GEONetCab capacity building 
web. 

2. Gather success stories for general promotion aimed at decision-makers. 
3. Elaborate a specific case study for the successful application of wild fire early warning 

systems by combining best practices of different countries/regions. 
 
Advanced Fire Information System (AFIS), Southern African Development 
Community (SADC) 

Fire is prevalent throughout Southern Africa, with local to regional impact on land use, productivity, carrying 
capacity and biodiversity. Bushfires occur every season, destroying vast environmental resources. Large parts 
of the territory are burned every year and fire activity will increase with the projected climate change due to 
increased climate variability. In 2002, damages to infrastructure and loss of grazing due to wild land fires in 
South Africa were estimated to be in the region of $50 million. An urgent need was identified to develop a 
satellite based information system that could not only provide information on the frequency and distribution of 
fires over time for the change detection research community but could also provide a near-real time tool for 
early detection of fires for affected user communities.  AFIS has been developed by the CSIR Meraka Institute 
in collaboration with the University of Maryland and NASA’s Earth Observation Systems. The main funding for 
the development and implementation of AFIS came from South Africa’s biggest energy supplying company 
ESKOM as wild land fires underneath power lines can cause flashovers, severely affecting industries’ electricity 
supply. 

The added value in the business process is as follows: 

• Access to live fire monitoring information; 
• Leveraging information and communications technologies; 
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• Access to relevant fire information specific to managers in the field. 
 

The AFIS user is able to get the fire information in three maps: 

• The system ‘Active fire information’ from MODIS and MSG is displayed on a map with an estimated 
size of the fire and fire number; 

• Additional to the active fire information the user also receives a forecast of fire danger; 
• And in order to assess the damage after the fire a monthly Burnt Area map based upon MODIS is also 

distributed. 
 

 

 Online fire detection results Occurrence of fires per year in Southern Africa 

The three maps (before, during and after the fire) give a full picture for Ministries of Environment (MoE) to set 
up a Fire Information Management plan, as was e.g. successfully done in Botswana under the Ministry of 
Environment, Wildlife and National Parks. Their day-to-day-fire management tool serves as a basis for 
determining the need for personnel and staff for fire prevention and detection activities, the readiness of 
prevention and suppression forces, how to strengthen the initial attack of fire control forces, and 
reimbursement of farmers after the event. 

The AFIS Fire service has clear added values compared to other services: 

I-1) Products: AFIS produces the full range of fire related products, from fire risk (before the fire) to Burnt 
Area Estimates (after a fire). 
I-2) Functionality: AFIS has a web-application, a field-terminal with data-visualization tool, and an SMS 
alert system as well as distributing its data via EUMETCast. 
I-3) Timeliness: the AFIS system gets its data directly after the satellite flies over Southern Africa. The 
data is captured by SAC (Satellite Application Centre) in Hartebeeshoek and processed in Real Time. 
I-4) Landcover: By using an underlying layer of High-Resolution Imagery and a landcover classification, 
AFIS is able to distinguish forest and bush fires from grassland fires and industrial fires. 

The Southern African institutes dealing with fire have already organized themselves in the Southern Africa Fire 
Network (SAFNet). SAFNet is an open, voluntary network with membership from 12 SADC countries consisting 
of fire managers from the MoE, managers of national parks, government forest fire sectors, regional Non-
Governmental Organizations (NGO’s), community based organizations, independent consultants, universities 
and research bodies in Southern Africa. The goal of SAFNet is to achieve more effective and appropriate fire 
management policies and practices in Southern Africa - through the use of remote sensing, GIS and other 
geospatial information technology. AFIS is currently being extended to participating SADC countries within the 
SADC Thematic Action of the AMESD project. Training of the SADC participating organisations will be offered 
through workshops to be held in South Africa in 2011 and beyond. 
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The monitoring product line has global and local applications, such as the global seismic monitoring 
network, and landslide monitoring operational in Italy. In both cases national governments are the 
client, but in the case of landslide monitoring also local governments. There are also different 
insurance products, for example hull and liability insurance for ships, storm tracking impact on ships 
and on land and seismic activity monitoring. Application of earth observations can help improve 
speed, accuracy, and compatibility of products and coordination. 
 
Flood risk earth observation monitoring (FLOREO), Czech Republic 

FLOREO was an ESA PECS project and formed part of a program designed to support Czech space research and 
industry in cooperation with ESA. The project developed an operational service for snow cover monitoring from 
MODIS and in-situ measurements, which started in 2011. Now snow melting can be monitored and run-off 
modelled in a better way and this will enable better prediction of potential flood risk. 

The initiative involves private companies and research organizations and makes use of a combination of earth 
observations, in-situ measurements and GIS models. Apart from snow monitoring it also uses soil moisture 
products derived from earth observation data as input for the models. A user interface in the Czech language 
allows national users a direct access to web portal services. 

 

 Impression of snow cover, February 2009 

 
 
Monitoring occurs through international or national networks, systems are relatively well established. 
Constraints are mostly of a technical nature and less caused by a lack of promotion or connection 
with stakeholders. Specific action as part of the project: 

1. Include disaster monitoring capacity building material in the GEONetCab capacity building 
web. 

 
An example along the (rapid) damage assessment line is flood mapping as implemented by SERTIT 
(France) in the framework of the SAFER project (GMES). Again government agencies are the main 
client. This application has just passed the system development phase into the implementation 
phase. Capacity building can take place in the form of short courses on the use of operational 
systems and radar images. Quick communicating to the end-user is one of the main challenges for 
successful global application. Damage assessment is also very important for post-event claims 
management, where governments and insurance companies are the clients. Important topics are 
subsidence, earthquakes, windstorm and fire losses, and oil spills. Speed, accuracy and, in numerous 
cases, accessibility to the area affected, form the comparative advantages earth observation has. 
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Damage assessment products and services also receive quite some attention and publicity. One of 
the main constraints in developing countries is the absence of capacity to receive, process, and act on 
information. Another constraint is the lack of basic infrastructure: both in terms of hard- and 
software and of data. The project will focus mainly on facilitating damage assessment by improving 
disaster management through improved prevention and planning. Specific actions as part of the 
project: 

1. Include disaster damage assessment capacity building material in the GEONetCab capacity 
building web. 

 
Flood monitoring, Poland 

 

Poland was heavily affected by floods in May and June 2010. To monitor the floods and inform the public and 
government agencies the SAFER project (GMES) was activated. A consortium consisting of SRC, the Industrial 
Research Institute for Automation and Measurements (PIAP), the Institute of Meteorology and Water 
Management, the Polish Geological Institute and Poznan University of Technology supplied reference, recovery 
and thematic products (water layer, flood extent, etc) based on earth observations. The products could be 
downloaded for free and be used by non-professionals through Google Earth. Delivery and processing time 
ranged from 30 hours to 5 days. 

At least 22 Polish clients received and used satellite maps and additional products - mostly public institutions 
(national, regional and local crisis management centres, fire services, and the army), but also insurance 
companies and scientific units. The maps were also used by the biggest Polish media (television and web 
portals) to show the scale of the problem (Polsat News, RMF FM, Gazeta Wrocławska).  
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The main added value of earth observations consisted of: 

• Short time of delivery in a crisis situation; 
• Full view of the situation in combination with in-situ measurements; 
• Delivery of the products was not dependent on the weather (using radar images); 
• The products were easy to integrate in other systems for decision support and crisis management; 
• The products integrated in Google Earth software were user-friendly and helpful for non-professionals. 

 
 
GIS and earth observations for disaster management is one of the examples of the 
prevention/planning product line. The topic uses GIS and earth observations in the assessment of 
hazard, vulnerability and risk with respect to different disasters. Visualization of the results provides 
the input for decision making on disaster prevention. Clients are national governments (disaster 
management organizations) and local governments (regions, municipalities). Examples of 
applications can be found in Central America (CEPREDENAC / SERVIR), USA (FEMA) and Europe 
(GMES). The best characterization of this phase of the life cycle is system development: many 
applications have been developed and some implemented, but there are many different types, 
which makes the choice difficult for decision makers. The requirements for capacity building are 
relatively easy: targeted short courses for professionals combined with seminars for decision makers 
(institutes such as ITC have extensive experience in this field as well as off-the-shelf material). To 
increase the success rate work needs to be done on the integration of systems and the adoption of a 
general methodology. Promotion of such a methodology, combined with the sharing of experience 
and the continuing involvement of stakeholders is very important. Improved planning and 
coordination are key words. Acquisition of the necessary hard- and software may form a constraint, 
balanced investment is needed. 
 
Another example of the prevention/planning product line is the global disaster alert and 
coordination system (GDACS), as developed for the United Nations. The phase of the life cycle is 
system development, bordering on implementation. The system is more designed for planning in 



32 
 

emergencies than for prevention. Again the link with local end-users (information processors and 
decision makers) is crucial. 
 
The promotion of planning and prevention earth observation products and services will be one of the 
focal points of the project. It is possible to improve the current situation in developing countries with 
relatively simple means. Once this is achieved national and local authorities will also be better 
prepared for post-disaster events. Through dissemination of success stories and other promoting 
decision makers will be informed about the possibilities of spatial information for disaster prevention 
and planning. Specific actions as part of the project: 

1. Include disaster prevention and planning capacity building material in the GEONetCab 
capacity building web. 

2. Gather success stories as general promotion material for decision makers. 
3. Elaborate specific case studies on the successful application of prevention and planning for 

disasters by combining best practices of different countries/regions. 
 
There are some general aspects concerning disaster management that are not covered by a single 
product line. An example is the international charter which takes care of the free availability of 
satellite images directly after a disaster. The scale of the program is global and the clients are mainly 
governments and international organizations. The international charter has operated successfully for 
a number of years and definitely has increased the profile of earth observations. The related GEO 
task is DI-06-09 ‘use of satellites for disaster management’. Still, emphasis is on post-disaster 
intervention and if there is no processing capacity available in the country affected before the 
disaster (or if the infrastructure is destroyed during the disaster) the impact on mitigation in general 
is likely to be limited. A requirement is therefore to have processing capacity in place before a 
disaster strikes. Apart from building local capacity, customization and a direct link with disaster 
management organizations are important. The GEO Portal could play an important role here. 
 
Another initiative is the Global Risk Identification Program, with involvement of a number of 
important international actors, such as the World Bank, IADB, UNDP, USAID, etc. The program is 
directed at risk informers, disaster analysts and capacity developers and aims to provide better 
information and improve coordination. It is currently in the analysis and design phase. 
 
Additionally, there are initiatives that aim to bring the use of earth observation (and GIS) directly to 
communities and NGOs, such as the toolbox for community mapping for disaster management (in 
Mozambique, funded by Munich Re). Promotion of and capacity building in earth observation should 
connect with these activities to reach the actual end-users. Vice versa, examples such as the toolbox 
can be used to show the relevance of earth observation for disaster management to decision makers. 
 
The advantage of the use of earth observation in the general disaster management activities 
mentioned above is that it helps improve planning and coordination as well as compatibility 
between the systems and methods used. 
 
Specific actions as part of the project: 

1. Gather examples of community mapping for disaster management for the GEONetCab 
capacity building web. 
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2. Liaise with coordinating initiatives for disasters, such as Provention and the GEO Geohazards 
community of practice to optimize the promoting to decision makers. 

 
The insurance market for disasters of any kind deserves special mention, as here, apart from the 
advantages mentioned above, such as speed and accuracy, cost reduction is also an important factor 
in the application of earth observation. Activities in the risk assessment/simulation models and 
forecasting/early warning product lines are property risk mapping (subsidence, floods, general 
impact), forestry portfolio risk mapping (fire), agriculture loss forecasting and risk rating, urban 
exposure and vulnerability mapping. In the monitoring product line hull and liability insurance for 
ships, storm tracking (impact on land and ships) and seismic activity monitoring are examples. 
Damage assessment is of course very important in the form of post-event claims management for all 
types of disasters (subsidence, earthquake, windstorm, fire loss, oil spills). Clients are the big 
(re)insurance companies. Cross-over effects between the private and public sector are interesting, 
both in terms of sharing experiences and benefiting from capacity building opportunities.  
 
Specific action as part of the project: 

1. Liaise with insurance providers for funding opportunities and sponsoring of capacity building 
activities in developing countries (also link with Agriculture SBA). 

 
 
Health 
 
The health SBA consists of three different product/services categories: air quality forecasting/early 
warning/monitoring, epidemics forecasting, and relationships between diseases and environmental 
factors. The distinction between the second and third category is a bit arbitrary, as there is a clear 
link and overlap. The time/response factor plays a more prominent role in epidemics forecasting and 
through modelling and research the relationship between diseases and environmental factors may 
be made more explicit. Vice versa, there is feedback from research and modelling this relationship to 
epidemics forecasting. 
 
In Europe, Canada and the US municipalities and government agencies use air quality forecasts that 
are made public through the internet, sometimes complimented by a text message service or e-mail 
notification to inform and warn vulnerable citizens. The technology used is a combination of earth 
observation and in-situ measurements. Subjects are general air quality (index), ozone, NO2, particle 
pollution, UV and smoke from fires. An example from Europe is the GMES service element PROMOTE, 
an example from the US is AIRnow and from Canada it is the air quality forecasting by the Weather 
Office. These activities are in the (post-)implementation phase. In other regions of the world (for 
example India, Central America, South-East Asia, the Middle East and Kazakhstan) initiatives are 
being undertaken and are mainly in the system analysis phase. For capacity building and promotion 
it is important to use the successes of Europe and North America and adapt them to the local 
circumstances elsewhere. The availability or development of locally applicable air quality models is 
still a constraint. 
 
A special branch of air quality forecasting is sand / dust storm warning, paying special attention to 
related diseases such as meningitis. WMO is developing a sand and dust storm warning advisory 
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system (SDS-WAS) with a Northern Africa, Middle East and Europe node and an Asia node. The 
envisaged program has a capacity building component.  
 
A niche type of forecasting / prediction is safe sunning forecasting (prevention of skin cancer). An 
example is the HappySun initiative in Italy (offered by FlyBy), which provides information on UV, 
cloud coverage, ozone, sea surface temperature and transparency. The service is delivered via 
internet, with text messages to tourists and to hotels. 
 
An example of the epidemics forecasting category is the malaria early warning system (MEWS). The 
system is developed for the African region by NASA and Columbia University as part of FEWS NET 
(Famine Early Warning System). It consists of a combination of earth observations, weather forecasts, 
climate models and an analysis of long-term data records. Apart from through the web service FEWS 
NET, target organizations in Africa are also approached directly. The technical part of the system is in 
the implementation phase. Capacity building, in the form of short courses, is best directed towards 
increasing local processing capacity as well as the ‘last mile’ aspect (from warning to taking 
preventative measures on the ground). GEONETCast could play an important role here. The WHO is 
working on general early warning systems for diseases (not only malaria). 
 
The GEO-tasks relating to the air quality and epidemics forecasting categories are HE-09-01 
‘information systems for health’ and HE-09-02 ‘monitoring and prediction systems for health’. 
 
The third category is the relationship between diseases and environmental factors. Projects such as 
the MERIT-project (meningitis environmental risk information technologies) try to clarify this 
relationship (see also the sand and dust storm warning initiative). The project is directed at Africa 
with pilots in different countries and is supported by GEO-task HE-09-03 a). The activity is in the 
system analysis and design phase. 
 
Apart from these three categories there are general studies linking health and earth observations. 
Examples are the relation between population distribution and health (utilities and sewers), 
influence of agriculture on health (chemicals, fire (aerosols)), climate change and health and the 
effects of mining (contamination) on health. Also the analysis of existing earth observation 
databases is important, for instance for more in-depth research into the relation between land, 
water and health. The related GEO-task is HE-09-03 ‘end to end projects for health’. 
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Tele-epidemiology: monitor, predict and 
prevent epidemics 

Tele-epidemiology consists of studying the propagation of 
human and animal diseases (water, air and vector borne 
diseases), which are closely linked to climate and 
environmental change, based on space technology, among 
others. The integrated and multidisciplinary approach includes 
three steps: 

1. Monitoring and assembling multidisciplinary in-situ 
datasets to identify physical and biological 
mechanisms at stake; 

2. Remotely sensed monitoring of the environment, 
linking epidemics with other factors, such as rainfall, 
vegetation and hydrology. 

3. Using bio-mathematical models for epidemic dynamics and associated risks for inclusion in early 
warning systems. 

CNES, in collaboration with its partners, has been involved in the development of telehealth applications 
focusing on four key areas: 

• Improving access to health care; 
• Relationships between climate, environment, health; 
• Crisis management; 
• Education and training. 

 
This results in the design of brand new satellite-based decision-aid tools to improve the monitoring and 
prediction of risk zones, and contributes to disease surveillance policy as well as the implementation of early 
warning systems. It also facilitates the exchange of epidemiological, entomological and environmental data and 
space products between partners. Information bulletins and a web service provide information to local users 
and public health managers. 

The initiative involves health authorities (Military Health Service  (France), Direction of Veterinarian Services, 
Livestock Ministry (Senegal), Health Ministry (Burkina Faso), Dakar Pasteur Institute (Senegal)), governmental 
agencies (CNES, CONAE (Argentine Space Agency)), and research centres (Laboratory of Aerology / 
Observatory of Midi-Pyrenees (France), Military Biomedical Research Institute (France), Centre de Suivi 
Ecologique (Senegal), Institute of Public Health of Heidelberg University Medical School (Germany)). 

Practical examples are rift valley fever prevention and control in livestock, urban malaria risk assessment (both 
Senegal) and rural malaria risk assessment (Burkina Faso, see picture). 

 
 
The advantages of the use of earth observation for health are higher accuracy and increased speed 
of information provision, leading to better planning and coordination. An important innovative 
aspect of earth observation is that it provides the opportunity to gain better insight in the relation 
between the different factors that determine the occurrence and spread of diseases. The GEO 
Health community of practice aims to better integrate earth observation with decision support 
systems. In terms of capacity building the institutional clients (international organizations, 
government agencies) are sufficiently covered. The focus of promotion and capacity building efforts 
should therefore be on the increase of local information processing capacity and ‘last mile’ 
dissemination (from government agencies to local communities). GEONETCast is an interesting tool 
to facilitate this. 
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Specific actions as part of the project: 

1. Include capacity building material on air quality forecasting, epidemics forecasting and the 
relationship between disease and environmental factors on the GEONetCab capacity building 
web. 

2. Gather (potential) success stories about local applications in developing countries and 
investigate the possible role of GEONETCast. 

3. Liaise with the GEO Health community of practice with the aim to acquire funding for further 
development of health applications. 

 
 
Energy 
 
The products/services categories within the energy SBA are resource assessment for renewable 
energy, energy resources exploration support, pipeline monitoring and optimization of biofuel 
production (cross linked with Agriculture SBA). Then there are some niche markets (not implying 
they are unimportant or small), for instance sustainable building design (NASA satellite and modelled 
derived data for preliminary design of buildings and associated renewable-energy power systems) 
and prediction of damaging geomagnetically induced currents (GICs), important for power systems 
and pipelines. Another special subject is the effect of climate change on energy requirements 
(NASA’s mini-climate change assessment model (MiniCAM)). The activities within the energy SBA are 
generally targeted at specific well-defined customers, who are familiar with the benefits of earth 
observations. Economy of scale plays a role, i.e. clients are mostly large private or public 
corporations. 
 
Resource assessment for renewable energy deals with establishing the feasibility of locations. 
Examples are solar radiation information and wind volume forecasting. Through different projects 
(ENVISOLAR, Helioclim, MESoR, etc.) models (such as Heliosat (Mines Paristech / Armines)) for solar 
radiation are developed, based on MSG, GOES, IOCD and GMS data. Another example is NASA’s 
Surface meteorology and Solar Energy web-based service (SSE) in cooperation with RETScreen 
Canada. Clients are all parties interested in investing in renewable or cleaner energy, such as 
governments, utilities and private companies. Projects such as MESoR aim to make the 
products/services more user-friendly. As a result a web-based service has been set up; one of the 
objectives of the project was to contribute to the GEO/GEOSS common infrastructure. Other services 
include plant management and failure detection (where satellites are used for communication). The 
life cycle phases are currently prototype or implementation. Cooperation with international 
institutions such as World Bank and UN has also been established, as the UNEP SWERA initiative 
shows. Related datasets used for wind volume forecasting are often also used for the location of 
wind parks and optimization of operations. In off-shore situations, scatterometer, altimeter and SAR 
based data provide the input (wind, waves and tidal currents) and in onshore cases, terrain 
roughness and elevation are important. As there is a lot of interest in renewable energy, the 
products and markets are relatively well developed in regions, whichcan afford it. In emerging 
economies and developing countries there are a lot of opportunities and challenges, including 
capacity building. The related GEO-task is EN-07-01 ‘management of energy sources’. 
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An example of energy resources exploration support is the web-based geoinformation system as 
envisaged by the AEGOS (African European Georesources Observation System) project. The project 
deals with issues such as harmonizing and sharing of data and dissemination. The aim is to optimize 
the use of georesources, including oil, natural gas and coal in Africa. A more direct exploration 
example is the vibrosis method for oil exploration. Earth observation is used as a supporting tool in 
the seismographic survey. Of course earth observations play an important role in oil and gas 
exploration in general: as a support tool for geological interpretation and in the detection of 
hydrocarbon seepages. 
 
Systems for pipeline monitoring are investigated by, for example, the PIPEMON project. The main 
goals are to detect pipeline-related ground and structure motion (with SAR) and to plan routes for 
pipelines (with DEMs and interferometry). The advantages of earth observations over airborne data 
gathering (heli) consist of automated processing, availability of data archives (change detection), 
rapid subsidence detection (if the circumstances permit) and integration and availability of a lot of 
support data (for route planning). Pipelines are critical infrastructure, and consequently safety 
concerns play a role. Contacts with the end-user community are well established; cost is the factor, 
which determines if earth observation is used. Whether cost-effective solutions are on offer at the 
moment is not clear. 
 
Optimization of biofuel production is related to both the Energy and the Agriculture SBA and a 
special type of crop yield monitoring. USDA-ARS is developing models for corn-based ethanol 
production. As biofuel production will become more and more important, the service is mentioned 
as a separate category under Energy. Promotion and capacity building will have the same 
requirements as those of crop yield monitoring. 
 
For the Energy SBA earth observations provide comparative advantages in accuracy, cost reduction 
or revenue increase, planning, and innovation. In general, the clients and end-users in the energy 
sector are well aware of the products and services (being) developed and on offer. A number of 
applications still needs further improvement to reach the implementation phase. GEO-tasks EN-07-
01 ‘management of energy sources’, EN-07-02 ‘energy environmental impact monitoring’, EN-07-03 
‘energy policy planning’ and the Energy community of practice aim to facilitate this. In regions where 
development of new markets for renewable energy is interesting, the advantages of the application 
of earth observation are not that well known. Promotion and capacity building within the framework 
of GEO should therefore concentrate on a transfer of experience and capabilities to these new 
markets (and raise further interest at international organizations with a mandate towards 
development). Capacity building can take place in the form of short courses, if sufficient basic 
capacity is available.  
 
The GEONetCab project will focus on the first two products/services categories (resource assessment 
for renewable energy and energy resources exploration support) and not on the last two. Pipeline 
monitoring is a very specific application and, as indicated above, clients are generally well aware of 
the options and feasibility. Optimization of biofuel production is taken up as part of the crop yield 
monitoring products/services category in the Agriculture SBA. 
Specific actions as part of the project: 
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1. Include capacity building material on resource assessment for renewable energy and energy 
resource exploration support on the GEONetCab capacity building web. 

2. Gather success stories on resource assessment for renewable energy and energy resource 
exploration support that are replicable in new markets, in cooperation with the GEO Energy 
community of practice. 

3. Promote resource assessment for renewable energy and energy resources exploration 
support to decision makers and to international organizations with a mandate in this field. 

 
 
Climate 
 
The product/services categories of the Climate SBA are monitoring and modelling, carbon 
accounting schemes, and prediction and mitigation of effects. Monitoring and modelling is a very 
broad category, the issues generally dealt with are greenhouse gases, the arctic environment, 
oceans, agriculture and weather.  
 
Climate monitoring and modelling is the prime task of the WCRP (World Climate Research Program) 
and the IPCC (International Panel on Climate Change). WCRP cooperates with the IGBP (International 
Geosphere-Biosphere Program) in the ESSP (Earth System Science Partnership). Then there is GCOS 
(Global Climate Observation System) with the ECV (Essential Climate Variables) studies. All these 
initiatives are aimed at a better understanding of the climate change process and make use of earth 
observations for this general purpose. Consequently, they are all linked to GEO. Programs such as 
START (global change SysTem for Analysis, Research and Training) provide capacity building. CL-06-
01 ‘a climate record for assessing variability and change’ is the related GEO-task. 
 
Because the issue of climate change is so complex and there is a huge need for additional data, the 
research community focuses on the development of better and more refined models. The research 
community is well established and climate change is an important issue on the international agenda. 
The non-research end-user community is primarily interested in the relationship between 
forecasting and planning: how can national, regional and local governments prepare for future 
scenarios? Earth observation has firmly established its role in the climate studies of the research 
community, but in terms of reaching (local) decision makers there is still a lot of work to do. Below, 
the monitoring and modelling applications are described shortly, after which the attention shifts to 
issues of more relevance to decision makers, such as carbon accounting schemes, and forecasting 
and predicting the effects of climate change10

 
. 

Greenhouse gases have been monitored for quite a number of years through NASA’s EOS-system. 
Japan launched the world’s first greenhouse gas monitoring satellite (GOSAT / Ibuki) in 200911

                                                           
10 This is not a general priority setting, just an indication of the focus of this particular project. 

. 
Optical, thermal and short wave infrared sensors check the density of carbon dioxide and methane. 
This complements ground measurements and provides data on areas where no ground network is 
available. Another example is the GMES GSE PROMOTE project for Europe. This service is in the 
system development phase. Yet another example is the CNES/NASA/ESA CALIPSO sensor (as part of 

11 Unfortunately the launch with NASA’s OCO sensor failed in 2009. 
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the A-train) that makes use of LIDAR. Ozone studies are usually closely connected to the monitoring 
of greenhouse gases (example: SPARC (stratospheric processes and their role in the climate)). 
 
The cryosphere is monitored through a series of sensors (optical, radar, laser, etc.) to measure 
temperature differences, change detection, ice fluctuation, ice cap melting, velocity of ice 
movement and subsidence. Programs such as CliC (Climate and Cryosphere project, WCRP), CryoClim 
(ESA / Norway) and arctic monitoring with RADARSAT-2 (CSA) are examples. Other activities with 
earth observation applications concern permafrost and glacier monitoring. 
 
Ocean monitoring and modelling in relation to climate change focuses on sea-level rise and the 
effects of global warming on marine ecology. Examples are the sea-level rise projections of WCRP 
and the ocean surface topography initiatives of a number of space agencies. Earth observations 
(altimeters and gravity field measurements (JASON, GRACE) are complemented by tide gauge 
measurements, for example the argo floats. In addition the effects on marine ecology can be 
measured with sensors such as SMOS (soil moisture and ocean salinity). Another example is the 
determination of the effect of increased acidity on coral reefs (mapped with the aid of bathymetry 
(SeaWIFS) and multispectral images (Landsat)). 
 
Examples of monitoring and modelling the effects of climate change on agriculture are the CLIVAR 
and GEWEX initiatives of WCRP. CLIVAR concentrates on seasonal predictions for agriculture 
(monsoon land areas) and GEWEX (global energy and water cycle experiment) on the hydrological 
cycle and energy fluxes, with special attention paid to the effects of droughts on soil moisture and 
vegetation. Both efforts are a combination of research and coordination programs. 
 
Monsoon predictions and forecasts are an example of weather monitoring and modelling, in which 
both CLIVAR and GEWEX are involved. Another example is the GPCC (global precipitation climate 
centre) offering free access to precipitation data and models. The WCRP initiative SPARC, already 
mentioned above, provides a combination of numerical weather prediction and climate change 
studies. The already mentioned argo floats are also a valuable source for gathering weather data and 
modelling. 
 
The ECV studies address specific aspects of the topics mentioned above. The Integrated modelling 
using the ECVs and earth observations results from the ‘state of the climate’ initiative of NASA and 
WMO. On a regional level there are different integrated modelling initiatives on ecohydrological 
fluxes (example: HydroKorea and CarboKorea, integrated in CarboEastAsia and AsiaFlux). These in 
turn are part of FLUXNET, a global network of data from micrometeorological towers (a valuable 
combination with earth observations). Another example is the climate atlas for Africa (including 
greenhouse gases and dust). 
 
All the monitoring and modelling has to be translated into the prediction and mitigation of the 
effects of climate change. As a mitigation measure carbon accounting schemes12

                                                           
12 Carbon emissions resulting from (underground) coal fires are substantial, but not included in current carbon accounting 
schemes. Earth observations play an important role in the detection and monitoring of coal fires.  

 have been 
established. REDD (or REDD+), reduced deforestation and forest degradation, forms an example 
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where earth observations play an important role. There are quite a number of uncertainties around 
how the carbon credits of this program are going to be tackled, but it is clear that there is a huge 
need for (improved) earth observation data and capacity building at the level of the countries 
concerned. The application of earth observations for REDD is in the system development phase 
(NCAS: national carbon accounting systems). In Australia (GEONETCast and Sentinel), Nigeria, 
Tanzania, RD Congo and Indonesia (ALOS) first attempts have been made to put the system into 
practice. The GOFC-GOLD REDD sourcebook (2009) contains most of the background information 
needed as basis for capacity building. The work of the GEO Carbon community of practice and GEO-
tasks CL-09-01 ‘environmental information for decision-making, risk management and adaptation’ 
and CL-09-03 ‘a global carbon observation and analysis system’ is related to this products/services 
category. 
 
Carbon balances, Poland 

 

 

Poland has initiated a study to implement earth observation techniques in the assessment of the carbon 
balance for different biomasses and soil moistures within various ecosystems (the ESA PECS Carbon project). 
Also the influence of land use, and consequently land cover, on carbon release and sequestration was 
determined. 

This was done by: 

• Mapping land use, paying special attention to forest area changes, bio-energy plants and wetland 
areas; 

• Measuring soil moisture in different vegetation areas and validating this with SAR data; 
• Measuring variations in carbon flux for areas covered by different vegetation types. 

 
The initiative was especially relevant, as a policy of the Ministry of Environment of Poland was to focus on 
biodiversity interventions with respect to carbon balance and climate change. The results supported the 
decision-making process and also facilitated compliance with European Union directives. 

 
End-users of products and services that deal with the prediction and mitigation of the effects of 
climate change include policy makers, societal organizations and private citizens. To reach this group 
initiatives have to spread beyond the research community containing the classical users of climate 
information. For successful capacity building, outreach and dissemination, (what-if) scenarios need 
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to be realistic, reliable and easy to understand for non-specialists. Earth observation provides added 
value, not only in terms of data provision and analysis, but also as a visualization tool. Paradoxically, 
this will also make the value earth observation has for researchers obvious to non-scientific end-
users. There seems to be a consensus among end-users that something needs to be done, but the 
question remains: ‘what and how?’. Both climate models and capacity building efforts have not been 
able to provide answers to date, perhaps justifiably so. The comparative advantages earth 
observation provides in terms of accuracy, planning and coordination, need to be translated from 
climate modelling and monitoring to adaptation and mitigation. There are a number of studies by 
local and regional authorities in developed countries (for example in coastal Australia, and in water 
utilities, USA) and general initiatives in developing countries, an example of the latter being ClimDev 
Africa. The UN-system also has its focus on increasing the capacity of national meteorological 
services (NMS) to create better understanding of local processes and, consequently, more effective 
adaptation. Examples of an integrated approach to adaptation are the ‘roadmap for responding to 
climate change’ of the US Forest Service and ‘integrating agriculture, forestry and other land use in 
future climate regimes’ of the Netherlands environmental assessment agency. Earth observations 
play an important role in both initiatives. However, in most developing countries and emerging 
economies, a gap exists between capacity building and dissemination towards end-users (the activity 
is in the system analysis and design phase). Local authorities and interest groups are definitely 
interested: possible topics are the effect of climate change on agriculture, changes in ecosystems 
caused by a combination of climate change and urbanization, coastal vulnerability and health risks 
associated with climate change, to mention a few. The GEONetCab project needs to address this gap. 
The aim is to gather information about existing studies and the role earth observation plays, and 
integrate this into the project’s capacity building portfolio and dissemination material. 
 
Specific actions as part of the project: 

1. Include capacity building material on climate monitoring and modelling, carbon accounting 
schemes and the prediction and mitigation of the effects of climate change on the 
GEONetCab capacity building web. 

2. Identify outcomes of climate monitoring and modelling that yield results sufficiently robust 
for scenarios on prediction and mitigation, and for carbon accounting schemes in 
cooperation with the GEO Carbon community of practice. 

3. Use successful applications, such as practical studies into prediction and mitigation of the 
effects of climate change, to promote the use of earth observation with policy and decision 
makers in new markets. 

 
 
Water 
 
The earth observation products/services categories for the water SBA are: ocean topography, 
temperature and currents, ocean water quality & chlorophyll (cross linked with Agriculture SBA 
(fishery)), drought monitoring/early warning (cross linked with Disaster SBA), hydrologic information 
systems (including agrometeorology) (cross linked with Agriculture and Disaster SBA), soil-moisture 
modelling (cross linked with Agriculture SBA) and monsoon monitoring/forecasting.  
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Ocean topography, temperature and currents are measured by an array of satellite sensors, in 
combination with networks that provide in-situ measurements (Argo, drifting buoys, tidal gauges, 
etc.). The role of earth observation is well established and improved by coordination efforts such as 
GODAE (global ocean data assimilation experiment). Modelling systems and forecasts have also 
matured; products and services are therefore in the implementation stage. There is a well defined 
group of clients, who in general are well aware of the products on offer, and the advantages and 
possibilities earth observation presents. As the time-series of earth observation increases models 
and forecasting are improving. Examples of clients are: 

- Offshore industry: winds, waves and offshore soil conditions (also commercial providers), 
risk management (storms (winds and generated waves)), seismic data; 

- Tourism: beach sediment forecasting; 
- Environmental management: forecasting; 
- General maritime: marine safety, iceberg prediction, ship routing, search and rescue (drift 

calculation), marine pollution (oil spills), tropical cyclone forecasting (linked to Disaster SBA); 
- Specific navy applications: acoustic (sonar prediction), current velocity predictions, forecast 

near-shore wave environment, diver operation safety, radar performance; 
- General: operational ((near) real-time) and seasonal forecasting, prediction of extreme 

events). 
Issues that merit further research are: climate change models, improvement of modelling and 
forecasting, strategic policy support, real-time forecasting near-shore / coastal waters, ecosystem 
modelling. 
 
Ocean colour products and services are in general delivered by the same community of providers 
mentioned above. Governments and the fishery industry are both important clients. One product 
line concentrates on the relationship between environmental factors, such as plankton and 
commercial opportunities for fishing, another product line deals with harmful algal blooms. More 
strategically the product aims are sustainable fishery (fishing management maps), ecosystem 
modelling and change prediction. Networks such as ChloroGIN focus on coordination, planning, 
capacity building and outreach. ChloroGIN is a global network, but it also has regional 
components/networks. GEONETCast may be used for capacity building purposes, for example in 
EAMNET (European African marine network). EAMNET is related to the DevCoCast project focusing 
on GEONETCast applications. 
 
GMES Marine Core Services, with its MyOcean project, is an example of an attempt at providing an 
all-inclusive ocean service. MyOcean offers free data on global oceans and European seas. It also 
provides access to catalogues on sea level, ocean colour, sea surface temperature, sea ice and wind 
(in a combination of earth observations and in-situ data). Another example is the Africa marine atlas, 
a result of the efforts of ODINAfrica. UNEP is responsible for maintaining the atlas and a needs 
assessment for African countries has been carried out. PI-GOOS (Pacific Islands global ocean 
observation system (part of GOOS)) forms another example. The initiative does not only aim to build 
oceanographic observation systems, but also to improve regional coordination and support, with 
special attention being paid to building capacity and education in the Pacific region (cross linked with 
Climate and Disasters SBAs). The above shows that oceanic earth observation products and services 
are relatively well-developed and that, although there is always room for improvement, the focus of 
capacity building should be on end-users in less developed countries, to enable them to make full 
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use of the products and services that are usually offered for free or at low cost. Present-day clients 
of these products and services are familiar with them and have usually also been involved in their 
development. They recognize the advantages of the use of earth observations, which lie in greater 
speed and accuracy and better planning and coordination. Promotion should therefore concentrate 
on, again, the adaptation of applications for use in less-developed countries.  
 
Specific actions as part of the project: 

1. Include capacity building material on ocean topography, temperature and currents and 
ocean colour on the GEONetCab capacity building web. 

2. Investigate whether current initiatives cover the introduction of earth observation for ocean 
topography, temperature, currents and ocean colour, sufficiently in developing countries and 
emerging economies. 

3. If not, use success stories to market ocean products and services to potential clients. 
 
Drought monitoring/early warning is the first of the ‘terrestrial’ water SBA products and services 
categories. Of course, there is a direct crosslink with the Disaster SBA. Examples of systems that are 
operational are Canada’s NAIS (national agriculture information system (of AAFC)) and USA’s NIDIS 
(national integrated drought information service). Both systems are interrelated and apart from 
drought monitoring/early warning, the ultimate goal is climate resilience. Earth observations (NDVI 
and other parameters) play an important role. Monitoring and forecasting results are delivered to 
the public (free of charge) through a web service. On a global scale, WMO is the organization 
responsible for drought monitoring and early warning. Some regional examples to be mentioned are 
in: China (Beijing Climate Centre), South Africa (South African Weather Service) and Australia 
(National Agricultural Monitoring System). The related GEO-task is WA-06-02 ‘droughts, floods and 
water resources management’. Typical clients are: governments, the agricultural sector, the inland 
shipping sector, the recreation/tourism sector, environmental organizations (depending on type of 
drought). The examples show that the services offered are in the implementation phase and that 
contact with clients is well established. Earth observation allows these systems to operate with 
greater accuracy and speed. Promotion and capacity building should therefore focus on the 
dissemination of successful operations and experiences to regions where these systems are much 
needed, but not yet implemented. 
 
Specific actions as part of the project: 

1. Include capacity building material on drought monitoring and early warning on the 
GEONetCab capacity building web. 

2. Investigate whether current initiatives cover the introduction of earth observation for 
drought monitoring and early warning in developing countries and emerging economies 
sufficiently. 

3. If not, use success stories to market drought monitoring and early warning products and 
services to potential clients. 

 
The subject of hydrologic information systems is another products/services category linked to the 
Climate, Agriculture and Disaster SBAs. An example of improved coordination and planning, with the 
contribution of earth observation, is the global run-off data centre (GRDC), under the auspices of 
WMO and supported by Germany, which aims to gather and distribute data concerning the 
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complete hydrologic cycle. This activity is GEO-task WA-08-01 ‘integrated products for water 
resources management and research’ b). Another example is WISE (water information system 
Europe). Both initiatives offer free information, products and services through web portals. The ECV 
studies related to water are river discharge, water level, glaciers, snow cover and groundwater. As 
usual, the data gathered form a combination of earth observations and in-situ measurements. 
Currently, satellite altimetry is only applicable to larger water bodies (rivers and lakes). Earth 
observations have added value during floods, and in general, satellites play an important role in 
sensor webs used to obtain data from places, which are difficult to access.  
The agrometeorological part of the hydrologic cycle is also included here. Earth observation is used 
to measure and deduce factors such as evapotranspiration, soil moisture, clouds, water vapour and 
other parameters that determine the water balance. Quite a number of sensors are available to do 
this, for example: the presence of water and biophysical parameters of vegetation by NOAA-AVHRR, 
SPOT-VEGETATION, ERS2-ATSR, and Terra-MODIS (visible to short-wave infrared); surface 
temperature by NOAA-AVHRR, METEOSAT, GOES, GMES, and ERS2-ATSR (thermal infrared); and 
presence of water and vegetation water content by RADARSAT, ENVISAT, and JERS-1 (microwave). 
The CEOP (coordinated energy and water cycle observations project) initiative (coordinated by 
GEWEX) plays an important role. Projects such as WACMOS (water cycle multi-mission observation 
strategy) aim to improve the application of earth observations. 
Groundwater is monitored by sensors such as GRACE (gravity recovery and climate experiment), 
complementing in-situ measurements (the spatial resolution is still quite low). Sensors such as ESA-
GOCE and InSAR are used for groundwater change detection. Earth observation for groundwater 
monitoring and detection is still in an early stage of development. 
Better understanding of the complete hydrologic cycle with the aid of earth observations is 
promoted by initiatives such as IGWCO (integrated global water cycle observations), supported by 
the GEO Water community of practice, and regionally by, for example, the Asian water cycle 
initiative (AWCI).  Cooperation across regions to increase capacity also exists: the Africa water cycle 
and the ESA-sponsored TIGER (technology informatics guiding education reform) project serve as 
examples. The related GEO-task is WA-06-07 ‘capacity building for water resources management’. 
Apart from groundwater, the elements of the hydrologic cycle are in the system development phase, 
with some parts in the implementation phase and some in the prototype phase. The comparative 
advantages of earth observations are accuracy and accessibility. Clients are found in the water and 
agricultural sector, mainly served through government agencies. The focus of promotion and 
capacity building is to transfer successful applications both to regions, which need them, and to non-
earth observation specialists. 
 
Specific actions as part of the project: 

1. Include capacity building material on hydraulic information systems on the GEONetCab 
capacity building web. 

2. Gather success stories on hydraulic information system applications for marketing in 
developing countries and emerging economies. 

3. Use the hydraulic information system success stories for promotion in cooperation with the 
GEO (IWGCO) Water community of practice. 

 
Soil-moisture modelling deserves special mention, because GEWEX coordinated and promoted the 
application of earth observation for this purpose in combination with a global in-situ measurement 
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network. The ESA SMOS (soil moisture and ocean salinity) sensor is dedicated to soil moisture 
detection. Soil moisture content is difficult to measure, but is very relevant, not only for the 
hydrologic cycle, but also for agriculture and disasters (floods). The related GEO-task is WA-08-01 a) 
‘integrated products for water resources management and research’.  
 
Wetlands validation of SMOS, Poland 

 

Biebrza National Park with its wetlands is one of the biggest wild nature areas in Europe. Due to the drying of 
the swamps, monitoring of the region is necessary. A project was initiated with the objective to investigate the 
possibility of estimating the drying of the region, using data from ENVISAT ASAR and MERIS images (SWEX 
project). 

The result was a series of wetness maps of the National Park, enabling a comparison of the wetlands in 
different seasons, years, and growing seasons. The ground-based monitoring of soil, water and energy flux 
conditions also contributed to validation of the ESA SMOS mission. 

 
 
Monsoon monitoring and forecasting is another initiative deserving special mention. An example is 
the HARIMAU (hydrometeorological array for ISV (intraseasonal variability) -monsoon 
automonitoring) project, carried out in Indonesia and sponsored by Japan. The technology applied is 
more remote sensing (ground stations with Doppler) than earth observation, but satellites are used 
for communication. Monsoon monitoring and forecasting is technically part of the Weather SBA (see 
also the precipitation products/services category), but because of its impact on the hydrological 
cycle (and also because of its relevance to the Disaster SBA) it is included as a special 
products/services category here. 
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Weather 
 
The products/services categories of the Weather SBA are: forecasting global/local; precipitation 
monitoring/forecasting (cross linked with Agriculture SBA); and sand/dust storm forecasting (cross 
linked with Health SBA).  
 
A key initiative for the global and local weather forecasting category is TIGGE (the THORPEX 
interactive grand global ensemble). THORPEX stands for ‘the observing research and predictability 
experiment’ and is part of WMO’s WWRP (world weather research program). Although directed at 
high impact weather, the initiative, including the operational system GIFS (global interactive forecast 
system), is an example of international coordination and standardization. The aims of improved 
modelling, data assimilation (and reanalysis), and outreaching to user groups are very much in line 
with the GEO objectives. Earth observations are useful in achieving these aims. The initiative is 
superimposed on all kinds of national initiatives of weather forecasting, which also benefit from 
earth observation applications. A special branch is ocean weather forecasting, as produced by 
MyOcean or by DMI (Danish meteorological institute). GEO task WE-06-03 deals with TIGGE: ‘TIGGE 
and the development of a global interactive forecasting system’. One of the goals of the task is to 
engage with the user community. The other Weather GEO-task deals with capacity building: 
‘capacity building for high-impact weather prediction’ (WE-09-01). 
 
Downstream, GEONETCast aims to provide the end-user at minimal cost. Through its global coverage 
GEONETCast is able to deliver free data and dissemination products on weather and the 
environment, while solving the limited-bandwidth problem. Institutes such as ITC have developed a 
free software toolbox to process the data (for example MODIS-fire, MSG and other Meteosat 
products and SPOT VEGETATION) and projects such as DevCoCast are developing different 
applications in and for developing countries. The different products and services developed for and 
from GEONETCast, including the training channel, are still in the prototyping or system development 
phase.  
 
The above shows that the activities in this category operate like a two-edged sword: on the one 
hand research is done to improve, already state-of-the-art, weather forecasting, on the other hand a 
methodology for worldwide data exchange and outreach is developed. Together with other 
initiatives GEONETCast can become a powerful tool reaching a whole new group of users and with 
potential for dissemination and capacity building purposes serving all SBAs. 
 
In the global and local weather forecasting products and services category links with user groups and 
capacity building are well established. The GEONetCab project therefore focuses on potential 
applications of GEONETCast for weather forecasting. Specific actions as part of the project: 

1. Include capacity building material on global and local weather forecasting on the GEONetCab 
capacity building web. 

2. Gather success stories on applications of GEONETCast on weather forecasting for marketing 
in developing countries and emerging economies. 
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GEONETCast - low cost access to EO products, services and satellite data: 
practical opportunities for capacity building  

 

 

 

 

 

 

 

 

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 is a Task in the GEO Work Plan and is led by EUMETSAT, the United States, China, and the World 
Meteorological Organization (WMO). Many GEO Members and Participating Organizations contribute to this 
Task. Currently, GEONETCast applications are available for all Societal Benefit Areas. Prime application areas 
are weather, water and disasters.  

GEONETCast is a low cost dissemination system with as additional advantage that it can be used in areas 
without fast and reliable Internet services, conditions that prevail in many countries in Africa. The system is 
already well anchored in the meteorological community. 

Processing tools are needed to exploit the full potential of GEONETCast for use by non-meteorological 
organizations. Several initiatives are aiming to sustain the development of more applications. One example is 
the GEONETCast toolbox developed at ITC, which builds on EUMETSAT software and enables users to import 
data into ILWIS GIS for further analysis. ILWIS is open source GIS software under GPL license available at 
52north (http://52north.org/). At this site the GEONETCast toolbox can also be downloaded. The number of 
downloads of the toolbox by interested users is steadily growing. The GEONETCast applications based on the 
toolbox require little resources while all knowledge to customize applications to local needs is accessible online 
at no further cost.  

As a result, a new community is emerging, promoting the use of free near real-time environmental and earth 
observation data (in-situ, airborne and space based) and derived products for worldwide use. Using 
inexpensive, off-the-shelf equipment, the data can be directly received from communication satellites. This 
capability, in conjunction with data from freely accessible archives, provides the possibility to obtain a 
multitude of environmental and earth observation related data. This information is highly relevant for various 
application domains such as weather, atmosphere, oceans, land, vegetation, water and environment. 

To allow the user community to grow spontaneously into an open network, anyone can join, using their own 
resources to set up the system, and acquiring knowledge how to install and to operate the system and to set 
up specific applications. A distance education system, with online tutorials, manuals, and exchange platforms, 
is available, enabling anyone with a basic knowledge of EO to engage in setting up a receiving station and start 
applications. 

 
In the precipitation monitoring and forecasting category the planned mission Megha-Tropiques 
(cooperation between CNES and ISRO) serves as an example. Better data acquisition and analysis of 
the thermal exchange between the oceans and the atmosphere in the tropics will result in improved 
forecasts of hurricanes and monsoons, and consequently also of floods and droughts. Another 
example is the global precipitation monitoring initiative that aims to help understand processes 

http://52north.org/�
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better, to improve coverage (global) and temporal sampling, thus leading to more refined models 
and better forecasts. These initiatives are still in the system analysis and design phase, but in general 
precipitation monitoring and forecasting are operational and technology transfer is therefore 
important. Capacity building for high impact weather prediction is a GEO task (WE-09-01) aimed at 
the national meteorological and hydrological services in developing countries within the framework 
of THORPEX. An activity dedicated to Africa is the forecasters’ handbook project within the 
framework of AMMA (African monsoon multidisciplinary analysis).  
 
The direct client of the two products and services categories mentioned above is the meteorological 
user community itself, the indirect client is the society at large. Promotion of the benefit of earth 
observations should be aimed at government agencies responsible for the sectors where added 
value is obtained through earth observation: agriculture, health, transport, civil defence, etc. 
 
Specific actions as part of the project: 

1. Include capacity building material on precipitation monitoring and forecasting, including 
monsoon monitoring and forecasting, on the GEONetCab capacity building web. 

2. Gather success stories on applications of GEONETCast for precipitation monitoring and 
forecasting for marketing in developing countries and emerging economies. 

 
Sand and dust storm forecasts are another category of the weather SBA. The activity is described 
under the Health SBA with SDS-WAS as an example. The related GEO task is HE-09-02 (monitoring 
and prediction systems for health), subtask a): aerosol impacts on health and environment. 
 
 
Ecosystems 
 
The Ecosystems SBA deals with mapping and monitoring, both at a global scale (international 
treaties) and a local scale (for example: protective measures by a municipality). The 
products/services categories of the Ecosystems SBA are: marine and coastal ecosystems 
(global/regional), terrestrial and freshwater ecosystems (global/regional), biogeophysical variables 
(vegetation, soil, radiation, water cycle) (cross linked with Water and Agriculture SBA) and local 
applications, such as protected areas. All subjects are also related to the Biodiversity SBA. The 
distinctive features of the biogeophysical variables category and the local applications category are, 
respectively, the technical angle of approach and the scale and type of intervention. Both have 
consequences for the (envisaged) clients groups, as will be outlined below. 
 
Global and regional ecosystem mapping and monitoring spends a lot of energy on international 
coordination, in order to obtain consistency in modelling and denomination. Again, the challenge for 
the Ecosystem SBA is to make the step from analysis to planning and decision making for/by the end-
user, mainly governments and environmental organizations (but also the perception of the general 
public plays an important role). 
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An example of the application of earth observations for marine and coastal ecosystems is the marine 
life census (completed September 201013

 

). The data provided by earth observations concern water 
temperature, ocean chlorophyll (phytoplankton), oceanic currents and geodetic reference (GPS). 
Remote sensing from vessels is also used, for example horizontal ocean acoustic remote sensing 
(OARS) and the optical laser particle counter. Argo floats and other ‘in-situ’ measurement systems 
are already described under the Water SBA. A wide array of projects is supported by earth 
observations, for example: understanding and analyzing seamount ecosystems, the ocean biographic 
information system (OBIS), the continuous plankton recorder survey (CPR), with a coordinating role 
by SAHFOS (sir Alister Hardy foundation for ocean science). This also applies to initiatives such as the 
GMES Marine Core Service, with MyOcean as a concrete example. Another initiative is the large 
marine ecosystems program (LME) by NOAA/NASA. A regional/national example is the Indian 
national centre for ocean information systems (INCOIS). Ecosystems modelling and monitoring for 
oceans and coastal environments is a special application of the systems that are described under the 
Water SBA. Modelling is based on a combination of in-situ measurements and earth observations, 
usually resulting in (free) web-based services. Clients are international organizations (in charge of 
monitoring environmental treaties and environmental performance), national governments and 
research organizations. Products and services are in the system development or implementation 
phase. The advantages of the application of earth observation are clear to the client groups and 
consist of improved data quantity and accuracy, geographical coverage and processing speed, thus 
creating the conditions for better global coordination and compatibility of systems. 

Specific action as part of the project: 
1. Include capacity building material on marine and coastal ecosystems on the GEONetCab 

capacity building web. 
 

Baltic Sea ecosystem monitoring 

 

The satellite monitoring of the Baltic Sea environment project (SeaBaltic) has been established to set up an 
operational system for rapid mapping and efficient determination of the characteristics of the Baltic Sea. It 
builds on earlier research and aims to predict ecosystem changes. With the help of meteorological satellite 
images (METEOSAT, TIROS-N, NOAA) and earth observation satellite images (MODIS, ERS2) the following 
products are delivered: quasi-true colour images, surface chlorophyll a concentration, surface 
photosynthetically active radiation, sea surface temperature and total primary production. On this basis, bio-
optical models and algorithms were developed for monitoring of the Baltic Sea ecosystems. 

 

                                                           
13 At least the current exercise, a census like this is of course never complete. 
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GLOBCOVER (MERIS/ENVISAT) is an example of a global land cover initiative focusing on terrestrial 
ecosystems. The ecosystem classification is consistent with FAO-LCCS (land cover classification 
system). GLOBCOVER 2005 offers free data and products at 300 meter resolutions, making use of 
multispectral composites and automated classification algorithms. For some analyses a combination 
with SPOT-VEGETATION may be necessary, due to a lack of SWIR in MERIS. Another example is the 
global ecosystems mapping by USGS. This planned exercise is an extension of the map of 
standardized terrestrial ecosystems of the US. 
 
Again earth observations provide support to monitoring and modelling systems. Examples are: PAGE 
(pilot analysis of global ecosystems) by WRI (world resources institute), SEIS (shared environmental 
information system) in Europe (with WISE as an example, see Water SBA). Earth observation is also a 
key element in technology transfer programs such as AMESD (African monitoring of the environment 
for sustainable development). The client groups and comparative advantages of earth observations 
are the same as for marine and coastal ecosystems. General ecosystem monitoring and modelling is 
strongly connected to GEO task EC-09-01 ‘ecosystem observation and monitoring network (GEO 
EcoNet)’. 
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Specific action as part of the project: 
1. Include capacity building material on terrestrial ecosystems on the GEONetCab capacity 

building web. 
 
Long-term ecological monitoring observatories network ROSELT/OSS 

 

The ROSELT/OSS program, set up by OSS and coordinated by IRD from 2000 to 2005, aims to improve 
knowledge of the mechanisms, causes, consequences and scope of desertification in arid and semi-arid zones 
in the circum-Saharan area. It consists of 25 observatories spanning the circum-Saharan region and located in 
11 countries (Algeria, Cape Verde, Egypt, France, Kenya, Mali, Morocco, Mauritania, Niger, Senegal and 
Tunisia). 

The fundamental objectives of ROSELT/OSS are: 

• Long-term environmental monitoring (use and enhance existing knowledge, harmonize the 
environmental monitoring system, assure sustainability through lower cost and institutional 
presence); 

• Establish a research platform for desertification studies. 
 

The initiative also produces spatial and/or generated data in the form of ‘ROSELT decision-making aids’ to 
provide decision-making tools to development planners at local level (the scale of the area of the 
observatories) as well as sub-regional and regional level (the scale of the circum-Saharan area). The national 
level can only be taken into consideration with the development of national environmental monitoring networks 
within the framework of the NAP / CCD. 

Long-term environmental monitoring can consist either of successive analyses, with a periodicity compatible 
with the dynamics of environmental change (5 – 10 years) or of continuous observations of pertinent factors to 
highlight these changes (seasonal or annual periodicity). ROSELT/OSS combines these two approaches by 
producing: 

• An initial characterization of the territory; 
• Analytical indicators generated from the interactive system of resources / uses; 
• Prospective scenarios. 

 
The project offers monitoring data and a metadata service on the subjects of bioclimates, vegetation and land 
cover, lands and soils, resources and uses, biological diversity and functional ecology. 

 
 
Biogeophysical variables such as NDVI (normalized difference vegetation index), the vegetal cover 
fraction, burnt areas, soil moisture content, albedo, and surface temperature play a special role in 



52 
 

the classification and monitoring of ecosystems. Only the subject matter is different to earth 
observation applications mentioned in the Agriculture SBA. Biogeophysical variables are presented 
here as a specific ecosystem products/services category because of their special value for ecosystem 
assessment and change detection/prediction. GEO task EC-09-01 subtask b) ‘ecosystems functions 
and services’ is especially dedicated to this purpose. The ECV-studies into biomass, fAPAR (fraction 
of absorbed photosynthetically active radiation), leaf area and land cover are relevant to the 
biogeophysical variables product/services category. 
 
Local applications, including protected areas concern land use planning and (national) parks 
management at a more local level. Global datasets and products are used as information base for a 
rapid assessment of the local situation. Additional processing and measurements are usually needed 
for a successful application at a local level. Then again, a clear advantage of earth observations is, for 
example, showing changes in protected areas in a very visual way that is easy to understand for 
decision makers and the general public. The list of potential applications of earth observations is 
almost endless. Examples are mitigation of ecological damage in case of hurricanes, insect 
defoliation, fires, air pollution, dust storms, water pollution (less waves due to garbage), oil spills 
(calming the waters: detected by radar and UV), land reclamation and development and mining. 
Other examples are more related to planning, such as management of coastal tourism, fish 
resources, watersheds, forest, agro-ecological zones, the relation between urban growth and 
ecosystems and the effect of air pollution on environmental change. Then there are very specific 
applications, such as the potential use of water hyacinths for biofuel (Pantanal) and the 
environmental effects of coca cultivation (and the attempts to eradicate this cultivation), as for 
example in Colombia. GEO task EC-09-02 ‘ecosystems vulnerability to global change’ focuses on a 
number of similar topics. 
 
Clients are regional and local authorities, environmental organizations and protected area 
management. The advantages of earth observation vary with the local situation and availability of 
data and expertise. The need and opportunity for capacity building in emerging economies and 
lesser developed countries is therefore huge. 
 
Specific actions as part of the project: 

1. Include capacity building material on local ecosystem applications, including protected areas, 
on the GEONetCab capacity building web. 

2. Gather success stories on local ecosystem applications for marketing in developing countries 
and emerging economies. 

3. Promote local applications for ecosystems with decision makers, environmental 
organizations and protected area management. 
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Centre Suivi Ecologique, Senegal 

   

 

The Centre Suivi Ecologique (CSE) is a public institution, support by the Government of Senegal, DANIDA and 
UNDP. It resorts under the Senegalese Ministry of Environment and Nature Protection. The centre provides 
environmental information for decision support with respect to natural resources management and policy. CSE 
also provides scientific and technical advice and has been very successful in supporting a substantial number of 
development initiatives. 

Recent activities and projects include the subjects such as wild fires, ecosystem management, capacity building 
in earth observations and geoinformatics, climate change adaptation, food security, and carbon balance. CSE 
also houses various databases and organizes workshops and training events. CSE is an example of African 
expertise used for the benefit of Africa. 

 
 
 
Agriculture 
 
The Agriculture SBA’s earth observation product/service categories consist of: satellite based fishing 
(cross linked with Water SBA), precision agriculture, monitoring and modelling of crop conditions, 
including food security (cross linked with Climate and Water SBA), insurance monitoring, forestry 
monitoring, including illegal logging (cross linked with Climate SBA). In the Agriculture SBA most 
applications serve developed countries and have not found a ‘market’ in developing countries 
(where they seem most needed). 
 
India provides a good example of satellite based fishing with the identification of potential fishing 
zones (PFZ). ODIS (ocean data information system) is coordinated by INCOIS for the Indian Ocean. 
Information is derived from SST and chlorophyll data. Wind is also a factor taken into account in 
some models. The data are combined with in-situ measurements (Argo floats) and delivered through 
web-services. The result is identification of feeding grounds, which is delivered near-real time to the 
clients. To serve the fishery community not only feeding grounds should to be identified, but also 
locations to avoid, such as those with harmful algae blooms (see Disaster SBA) or anti-cyclonic 
eddies. 
 
Cost considerations are a concern, for example NOAA data are not available for identification of 
potential fishing grounds, to avoid competing with commercial interests (SeaWIFS is privately 
owned). Another concern is the uncertainty around the continuation of ocean colour missions. On 
the other hand, depth penetration by thermal sensors could provide new opportunities.  
 
Fishery does not only deal with potential fishing grounds, but with sustainable management of 
resources. Earth observations play an important role in understanding whole ecosystems, long-term 
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effects (El Nino), and consequences for species at risk. Determination of the total allowable catch is 
therefore more important than a mere indication of potential fishing zones. The subject is related to 
the Ecosystems SBA: GOOS, POGO (partnership for observation of the global oceans) and the 
Climate SBA (CLIVAR). 
 
The fisheries related GEO task is AG-06-02 ‘data utilization in fisheries and aquaculture’ through the 
SAFARI project (societal applications in fisheries and aquaculture using remote sensing), coordinated 
by CSA and NOAA.  
 
Products and services for identification of potential fishing zones are in the implementation phase, 
those related to total allowable catch are in the system development phase. Clients are (national 
and local) governments, the fisheries sector (big and small companies) and environmental 
organizations. When products and services are provided for free, arguably the goal of sustainable 
fishery is better served. Capacity building is needed at all levels to facilitate this. 
 
Specific actions as part of the project: 

1. Include capacity building material on satellite based fishing on the GEONetCab capacity 
building web. 

2. Investigate whether current initiatives cover the introduction of earth observations for 
satellite based fishing in developing countries and emerging economies sufficiently. 

3. If not, use success stories to market satellite based fishing products and services to potential 
clients. 

 
Earth observation applications for precision agriculture have the following advantages: the ability to 
monitor large areas, no interference from obstacles on the ground, no access restrictions, no 
sampling bias. Disadvantages are: cost considerations and the high spatial and temporal resolution 
needed. Earth observations are instrumental in the identification of crop disease, water and/or 
nutrient shortages and the relation between crop growth and soil characteristics and conditions. 
This results in better water and fertilizer management and higher yields. Apart from earth 
observations, required ingredients are: GPS, GIS, geo-referenced agricultural statistics, availability of 
sensors, controllers, etc. For the developed market products and services are in the implementation 
phase with farmers as main clients. Initiatives such as GEONETCast present opportunities for a low-
cost version by providing weather forecasts (linked with Weather SBA) and other information 
relevant in developing countries that lack the necessary infrastructure. Capacity building efforts 
should focus on this effort to facilitate better information provision to small farmers.  
 
Actions with respect to precision agriculture in developing countries and emerging economies follow 
on from improved monitoring and modelling of crop conditions. The GEONetCab project will focus 
first on that products and services category. 
Specific action as part of the project: 

1. Include capacity building material on precision agriculture on the GEONetCab capacity 
building web. 

 
The ECV variables relevant to monitoring and modelling of crop conditions are: albedo, leaf area 
index, fAPAR (fraction of absorbed photosynthetically active radiation), biomass, and land cover. To 
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assess land cover for agriculture, such as monitoring for the EU common agricultural policy, images 
of relatively high resolution are needed. Evapotranspiration data are derived from NDVI, LAI, albedo, 
insolation, and land surface temperature. Different levels of temporal and spatial resolutions are 
needed for different applications (global/local). Validation based on in-situ measurements is 
important, and in combination with historical analysis (previous growing seasons) and agricultural 
statistics it becomes a powerful instrument. Cost considerations are a concern: there are examples 
of high resolution applications (Iraq), but generally these are not affordable. Crop emergence and 
acreage are generally measured with radar, plant water regimes and deficits with SWIR and thermal 
sensors. Data from NOAA, MSG, SPOT VEGETATION, MODIS, ASAR, and ASTER are used most. The 
bulletins of AGRI4CAST (Europe) provide a good example of an application. AG-07-03 ‘global 
agricultural monitoring’ is the related GEO task, supported by the global agricultural monitoring 
community of practice (GLAM). 
 
Food security is a very important applications field. Examples of end products are WFP/FAO’s 
comprehensive food security and vulnerability analysis (CFSVA) and the USDA food security 
assessment 2010 – 2020. Examples of food security monitoring and modelling systems are: FAS 
(USDA foreign agricultural service), GLAM (mentioned before), GIEWS (FAO global information and 
early warning system), FEWS (USAID famine early warning system), MARS (EU monitoring agriculture 
with remote sensing), and GMFS (global monitoring of food security). Of course there are also 
various national monitoring systems. A recent coordination effort is the integrated food security 
phase classification (IPC), which aims to take a multi-agency approach. IPC provides a standardized 
scale, combining food security and nutrition with livelihood information, and will be delivered 
through the web. 
 
Clients of food security products and services are national and local governments, international 
organizations dealing with food security, NGOs and the scientific community. Initiatives such as 
GMFS, FEWSnet and related projects provide good capacity building material for clients in 
developing countries. Products and services are in the system development / implementation phase. 
Good validation and more detailed modelling are both necessary for the successful application on a 
local scale in developing countries. Validation efforts in developed countries (for example Andalusia, 
Spain) of different crop models have shown promising results. 
 
Specific actions as part of the project: 

1. Include capacity building material on monitoring and modelling of crop conditions, with 
special emphasis on food security, on the GEONetCab capacity building web. 

2. Gather success stories on monitoring and modelling of crop conditions, with special emphasis 
on food security and in cooperation with the GEO (GLAM) Agriculture community of practice, 
in developing countries and emerging economies. 

3. Promote applications for monitoring and modelling of crop conditions to national and local 
authorities and international organizations with agricultural production and food security as 
mandate. 



56 
 

 
Detailed crop monitoring, Poland 

 

Information packages providing an assessment of growing conditions are continuously delivered to the Central 
Statistics Office in Poland by the Institute of Geography and Cartography. Classification maps, classification 
accuracy assessment and modelling of crop parameters are the underlying products. All this is the outcome of 
a project that was designed to model crop growth, and to provide yield estimates for different types of crops 
(cereals, rape, sugar beets, maize and alfalfa). This is done by a combination of field measurements, analysis 
of SAR images and modelling.  

 
 
Crop growth monitoring and modelling also serves sustainable agriculture and climate change. A 
specific application, for example, is desert locust habitat monitoring (linked with Disaster SBA). 
Examples of global climate related seasonal prediction are delivered by the CLIVAR and GEWEX 
programs. A local / regional example is the climate science update for Western Australia. An 
additional advantage of earth observations for this purpose is showing the geographical patterns of 
change. In the World Bank’s sustainable land management sourcebook earth observation 
applications are summarily described.  
Recently studies into water use and water footprint have started making the distinction in water use 
from various sources, such as precipitation and irrigation; accounting for water storage a still a 
problem (partly solved by GRACE data).  
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Specific actions as part of this project: as described above and under the Climate SBA. 
 
Insurance monitoring is a combination of crop monitoring, yield guarantee assessment and damage 
assessment, resulting in multiple peril crop insurance. Most applications are in Western Europe and 
North America. Generally products and services consist of a combination of historical data (trends, 
probabilities) and real-time EO products. Cost considerations are an impediment for application in 
developing countries. There are first initiatives to establish micro-insurance schemes in Africa, still in 
a very early experimental phase. An example is the FESA (food early solutions for Africa) project that 
uses MSG data. Initiatives for a general weather insurance index are also in a very early stage of 
development. Input from the food security products and services that are mentioned above is 
possible, but the emphasis is more on extreme events. Apart from the ECV variables mentioned 
above the Fire ECV is of special relevance to this category. 
 
Specific action as part of the project: see under ‘insurance’ in the Disaster SBA. 
 
Forestry monitoring is used for general forest management, but there is special emphasis on 
deforestation (including illegal logging). Examples from Brazil are the Imazon capacity building 
program on deforestation and fires and the Amazon deforestation mapping initiative by INPE. 
Through the GOFC-GOLD REDD (or REDD+) initiative there is a link with Climate SBA. Earth 
observation applications provide support to LULUCF (land use, land use change and forestry) and 
earth observation is extensively dealt with in the World Bank forest sourcebook (2008). Other 
examples of applications are FAO’s global forest resources assessment program (FRA) and national 
studies, such as SERVIR’s Belize forest cover and deforestation 1980 – 2010 and Canada’s forest 
cover mapping and monitoring program. Illegal logging detection and monitoring of diseases 
(beetles) are important specific applications. 
 
To improve forest monitoring gaps in information on vegetation, height, biomass and biodiversity 
need to be filled. There is a need for a global LIDAR mission and for hyperspectral remote sensing 
(see also Biodiversity SBA). Combination of hyperspectral and LIDAR data would provide better 
insight in forest vitality, stand diversity and tree species composition. The relevant ECV-studies are: 
leaf area index, albedo, fAPAR, biomass, land cover and fire. 
 
Clients are national and local governments, forest companies, environmental organizations, 
international organizations dealing with climate change. Products and services are in the system 
development and implementation phase. Efforts such as the bi-weekly deforestation reports by INPE 
have shown the impact earth observation public relations can have on the general public. Capacity 
building should concentrate on local applications in developing countries (general forest 
management, illegal logging and deforestation). 
 
Specific actions as part of the project: 

1. Include capacity building material on forest monitoring on the GEONetCab capacity building 
web. 

2. Gather success stories on forest monitoring in developing countries and emerging economies. 
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3. Promote applications for forest monitoring and modelling of crop conditions by national and 
local authorities and international organizations with forest management as mandate. 

 
Forestry monitoring for reporting on greenhouse gases and sustainable 
management, Poland 

 

In Poland two projects have been carried out on forest monitoring and management. In the first one high-
resolution images, such as IKONOS, were used to create an orthophoto-map background. This facilitated the 
recognition of the value of the forest resource, as well as spatial distribution and species determination. The 
result was a very high quality and reliable basis for a forest management plan. It also provided an opportunity 
for positioning in the forest (where are we?), even for less experienced users. The plans are now used by the 
forest inspection in Poland. 

The second project focused on forest monitoring with the help of images from SPOT 2, 4 and IRS P6, allowing 
the mapping of forest resources and changes, including a historical analysis. This is used to comply with the 
standardized products, processes and services as required by the European Commission and to prepare 
information in full for the Kyoto protocol. The products include: 

• Maps of woodland and changes in woodland; 
• Carbon related statistics for live trees and changes in live trees; 
• Forest condition on an annual basis and change statistics for reporting greenhouse gas according to 

the common reporting format (CRF); 
• Forest cover, the value of carbon-related statistics and annual changes in accordance with Article. 3.3 

of the Kyoto Protocol and the requirements of the good practice guidance (GPG). 
 

 
 
 
Biodiversity 
 
The product/service categories of the Biodiversity SBA are: biodiversity modelling & monitoring, 
invasive species monitoring and ecological forecasting. The subjects are very much linked with the 
Ecosystems SBA. Here the step from reliable forecasting to planning is also crucial to be able to reach 
the end-user. 
 
The global biodiversity observation monitoring network (GEOBON) is an example of earth 
observations for biodiversity modelling and monitoring. The development of GEOBON is the main 
task of the Biodiversity SBA within GEO (task BI-07-01, subtask a)). The global biodiversity 
information facility (GBIF) and UNEP-WCMC (world conservation monitoring centre) coordinate 
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GEOBON ‘early products’. EBONE (FP7) is a regional example: the project provides an overview of 
monitoring initiatives in Europe and improves the development of biodiversity indicators. Clients of 
earth observation applications are governments, government agencies, environmental organizations, 
the scientific community, the general public and organizations in charge of monitoring 
environmental treaties. The advantages of earth observation are: a relatively easy and cheap 
coverage of wide areas, the possibility to improve on current, in-situ derived, biodiversity indicators 
and the providing of a regular monitoring opportunity. Better spatial and spectral resolutions would 
enhance the usefulness of earth observation products. EO also contributes to better (global) 
coordination and planning. 
 
Specific actions as part of the project: 

1. Include capacity building material on biodiversity monitoring and modelling, invasive species 
monitoring and ecological forecasting on the GEONetCab capacity building web. 

2. Liaise with the GEOBON initiative to identify success stories for local application and 
promotion. 
 

Survey of Amazonian environment assisted by satellites 

In French Guyana, as in the whole Amazonian Basin, scientists and decision-makers have to deal with 
large-scale phenomena (dynamics of the environment, urban growth, cultural practices, management of 
forests, surveys of the maritime domain) with often only partial knowledge of the environment. Earth 
observation satellites are an asset as they provide the updated information necessary for the monitoring of 
resources and for the management of the environment. The challenge is to integrate these spatial data with 
other knowledge, in particular with in-situ observations. This is the aim of the SEAS Guyana project. 
 
Launched in February 2006, by IRD (France) and its partners (SPOT Image and CNES, also from France), in 
Caiena, SEAS Guyana represents: 

- A technological platform for the reception and processing of satellite imagery acquired in the 
Amazonia – Caribbean area; 

- A unique scientific and technical infrastructure in South America to program, receive, store and 
process data flows of earth observation satellites: Spot 2, Spot 4, Spot 5, Envisat (ASAR and MERIS), 
Terra (Modis). 

 
 

 
 Santarem region, Amazon basin, Brazil 
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SEAS Guyana aims to stimulate the production of scientific knowledge and innovative services for sustainable 
management of the ecosystems and the monitoring of the environment. Specifically, it allows: 

• Spatial analysis for land use management and monitoring: land use mapping, deforestation 
assessment, coastal management, monitoring of fishing and gold mining activities, epidemic hazard 
survey, urban growth analysis, etc.; 

• Scientific research activities and applications, academic and educational programs, environmental 
observatories, regional and international cooperation. 

 
A special example is the BIODAM project: spatial analysis of biodiversity for sustainable management. 
Maintaining, improving and even restoring the biodiversity of the Amazon Region requires the drafting of new 
public policies and the implementation of tools for the analysis and management of areas to match these 
objectives. The project approach aims to integrate often scattered disparate data into landscape units and to 
map and display the key features of the spatial and temporal dynamics of biodiversity in order to establish 
connections with socio-economic dynamics and public policies.  
 
The spatial data allow the mapping of biodiversity dynamics in different space and time scales, based on 
analysis of the landscapes and estimation of their complexity. The transformation of landscapes and the 
concomitant variations in biodiversity are linked to public policies. This surprisingly simple, methodological 
approach was also established with the ambition to become applicable to other tropical forest areas. 
 
 
 
Invasive species monitoring forms subtask b) of GEO task BI-07-01. Coordination is provided by the 
global invasive species information network (GISIN) through a web-based network of data providers. 
Earth observation applications include: reflectance spectra (biochemical characteristics), 
seasonal/life cycle variations (phenology), and structural change (canopy architecture). Radar and 
also LIDAR are very useful in determining canopy architecture (although there are problems applying 
radar in hilly and mountainous areas). AVHRR, MODIS, and Landsat (E)TM are instrumental in the 
determination of the characteristics mentioned above, but for detailed studies or applications a less 
coarse resolution is required. Experiments have been carried out with hyperspectral sensors (AVIRIS), 
but cost-effectiveness is still an issue. The clients are similar those in biodiversity modelling and 
monitoring. 
 
Specific actions as part of the project: see biodiversity monitoring and modelling. 
 
Monitoring of the bark beetle calamity in Sumava national park, Czech Republic 

 

 Analysis of satellite images since 1987 
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A historical analysis of satellite images (Landsat, SPOT, etc.) has been very useful in the decision-making 
process on how to control or combat the invasion of the bark beetle in Sumava national park. The calamity 
caused a very intense discussion about management of national parks in the Czech Republic. Timber 
companies and related institutions were in favour of cutting in the impacted forests. Park management and 
scientists favoured an approach without human intervention. The analysis of the satellite images showed 
impartially that the forests would be able to recover in a natural way. 

 
IGOS-P (integrated global observation strategy partnership) provides technical coordination of global 
ecological forecasting. Information about land cover change, roads, transportation, infrastructure 
networks, global soils information, etc. is integrated. Earth observation is used for monitoring trends 
and, where necessary, planning of preventative measures. Examples of applications are ecological 
forecasting in the US (coordinated by NASA and the committee on environment and natural 
resources) and SERVIR for the Americas. A topic of special interest in ecological forecasting is 
biodiversity and climate change. The arctic food chain was used as a pilot in the GEO-AIP2 
(architecture implementation pilot). GEO subtask BI-07-01 c) capturing historical and new 
biodiversity data (coordinated by GBIF) is related to this products/services category. GBIF also 
provides a tutorial on use of the data portal with an example of how to use Google Earth as interface. 
 
As mentioned above, promotion and capacity building should concentrate on the successful 
application of earth observations for biodiversity in lesser developed countries and on reaching ‘non-
expert’ end-users to facilitate successful interventions. 
 
Specific actions as part of the project: see biodiversity monitoring and modelling. 
 
 
General 
 
There are a number of general products/services categories that help provide or improve the (basic) 
geo-information framework, and that rely on earth observations. Important examples are: digital 
elevation models, sensor web enablement, property risk assessment, surveying & mapping (land use, 
topography), location based services (GPS), fleet management, navigation, humanitarian issues 
(refugees, demining), homeland security, communications (mobile phone, etc.), land administration, 
and spatial data infrastructures14

 
.  

Digital elevation models are very important, both as output of and input for all kinds of earth 
observations applications. An example of facilitating working with digital elevation models is the 
ASTER GDEM digital topographical map of the world. The corresponding GEO-task is DA-07-03 
‘ASTER GDEM (global digital elevation model)’. 
 
Sensor webs enable measurements and (near-)real time transfer of data through satellite 
communications. There are multiple applications; measuring river discharges for flood prediction is 
an example. As earth observation mainly deals with monitoring, the combination with sensor webs 

                                                           
14 The eGEP measurement framework for SDIs is also interesting for assessing the impact of earth observations on 
organizational processes. 



62 
 

becomes very powerful. The related GEO-task is AR-09-02 ‘interoperable system for GEOSS’. A 
subtask is dealing specifically with web sensors. An inventory is made and capacity building 
initiatives are coordinated by the Meraka institute, South Africa. There is also a CEOS sensor web 
working group. 
 
Property risk management is an area where earth observations are successfully applied. The 
previous sections provide various examples of applications, but earth observations are also 
instrumental in providing the base layers of information for property risk management. 
 
Another indispensable type of baseline information is surveying and mapping. Earth observation 
plays an important role, ranging from detailed mapping and change monitoring with high resolution 
images to mapping and monitoring of large areas that are difficult to access or are not covered by 
conventional maps. For example, earth observation images are used as baseline maps for poverty 
mapping in slums and for urban planning and management in general. Another example is the land 
surface imagery collection that is accessible through the portal related to GEO-task AR-09-02.  
 
Suburbanization and urban sprawl in the Czech Republic 

Before 1989 the expansion of cities into the surrounding landscape was very limited because of many factors 
typical of the socialistic system: private property and a market economy didn’t exist, there were considerable 
efforts to reduce regional differences, financial resources were distributed through special rules for settlement 
structures, and the law on land preservation was very strict. However, after 1989 with the re-instalment of a 
market economy, private property and a land market, residential activities increased. In particular commercial, 
industrial and infrastructure use of the space in sub-urban areas developed quickly. The pressure on the 
surrounding landscape, and constructing activities on fertile soils, both increased considerably, especially from 
the middle of 1990s. 

 

 Prague, studied area (1990 – 2007 land cover change in red) 
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EO data used for the study area in the eastern part of the Prague suburban zone showed significant spatial and 
functional changes in the area and especially changes from highly fertile agricultural land to urban, built up 
areas. A project has been set up, supported by the Czech Ministry of Environment to assess the spatial extent 
and intensity of the suburbanization process and to quantify the predominantly negative effects. The results 
will be presented to decision makers and the public in general to help formulate measures to prevent and 
mitigate the negative consequences of suburban development. 

 
 
Location based services are also an essential element in support of earth observation applications. 
The availability of GPS systems has created a wealth of opportunities for applications and also has 
helped raise awareness with the general public about the usefulness of satellites. Location based 
services in combination with earth observations also enable better fleet management and 
navigation, both for terrestrial and marine applications. 
 
Humanitarian issues are a very important field for earth observation applications. Poverty mapping 
is already mentioned, support for monitoring and management of refugee camps and peace keeping 
operations are other examples. Related to this type of application is the use of earth observations 
for homeland security. 
 
Satellite communications are a necessity for quite a number of integrated earth observation 
applications. The related GEO-task is AR-09-04 ‘dissemination and distribution networks’, with the 
GEONETCast and FengYunCast initiatives as examples. 
  
A special application of earth observations is land administration. The use of conventional methods 
provides slow results when applied in developing countries and emerging economies and time is 
usually too short to enable these systems to evolve in a natural way. Earth observations can help to 
speed up the process, both by providing a quick scan of large areas and by increasing the 
participation of the communities involved through visualization. An example is the social tenure 
domain model (STDM) that is currently under development for UN-HABITAT. 
 
Spatial data infrastructures integrate different layers of information. The aim of all the GEO data 
management tasks is to create the conditions to facilitate this integration: GEOSS data sharing 
principles (DA-06-01), data management (DA-09-01), data integration and analysis (DA-09-02), and 
global datasets (DA-09-03). Spatial data infrastructures can also be used for special, targeted 
applications. The World Bank ‘mapping for results’ initiative, UNECA MDG (millennium development 
goals) mapper tool, ISRO (Indian space research organization) village resource centres and the pilot 
project to set up a rural SDI in Ghana (EMMSDAG project) are examples. The Gates Foundation and 
Google are also focusing on spatial applications for development. Google Earth is used more and 
more for issues as community vulnerability mapping and biodiversity mapping, to mention a few 
applications. 
For each type of earth observation product and service some of the general applications presented 
above play an important role and sometimes this may help remove a bottleneck hampering 
successful application. Inclusion of these elements therefore has to be taken into account in capacity 
building and brokerage initiatives.  
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Very special cases of earth observation applications are archaeological surveys and protection of 
heritage sites. An example is the UNESCO initiative on the use of remote sensing for the protection 
of world heritage sites. 
 
Archaeological survey of El-Hayez, Egypt 

 

 

 Satellite image of the study area 

The Czech institute of Egyptology of Charles University has been active in an investigation of the western 
Egyptian desert since 2003. With a multidisciplinary team, to date completely financed by the UNIS company, 
important evidence has been discovered about forms of cultural adaptation and development of ancient 
economies in the context of worsening living conditions in antiquity. 

The El-Hayez area is situated in the southernmost part of the Baharia oasis. Nowadays, this area is only 
sporadically inhabited and its history is largely unknown. With the help of satellite images, GPS measurements 
and GIS software new archaeological information was discovered. The period concerned is the era of the Old 
Kingdom (ca 2700 – 2200 BC) with important burial and religious monuments, such as the sun temples of Abu 
Ghurab and the pyramid fields of Abusir, Saqqara and Dahshur. A Roman villa was also discovered, well 
preserved, but hidden under 3 meters of sand. Several books have been published on the subject. 

 
Specific actions as part of the project: 

1. Include relevant capacity building material on the above mentioned topics on the 
GEONetCab capacity building web. 

2. Identify added value of the topics mentioned above for inclusion in the success stories for 
promotion of the different products and services categories of the GEO SBAs.
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7. CONCLUSIONS AND RECOMMENDATIONS 

 

Conclusions 

1. Marketing for earth observations needs to be synchronized with the phase in the life cycle of a 
particular product or service. 

2. The whole chain, from provider of earth observation products and services to end-user, needs to 
be analyzed. 

3. Marketing, in the form of capacity building and brokerage, can provide a better link between the 
earth observation community and (potential) clients and increase the use of earth observation 
applications. 

4. There are important regional differences in research, development and application of earth 
observation products and services. 

5. The framework for the assessment of marketing intervention consists of the following four 
dimensions: 
a. A distinction between earth observation products / services categories as part of the 

business process of organizations, 
b. The determination of the life cycle phase and the prospects of development towards 

maturity of these products and services (the vertical process), 
c. The regional spread of applications and (to a lesser extent) research and development (the 

horizontal process), 
d. The optimal mix of marketing (capacity building and brokerage) efforts to support speeding 

up the vertical (towards application) and horizontal (towards replication) process for each 
products / services category. 

 

Recommendations 

See the action points mentioned in the summary and section 5 and 6. 



 
 



 
 

 
 

APPENDICES 



 
 

 

APPENDIX 1 - PROJECT SUMMARY 

 

The purpose of the GEO Network for Capacity Building (GEONetCab) project is to create the 
conditions for the improvement of, and an increase in the GEO capacity building activities and 
framework, with special emphasis on developing countries, on new EU member states (and EU 
neighbouring states), and on climate monitoring. The ultimate goal of the project will be  to 
improve the effectiveness and efficiency of GEO capacity building for application in the GEO 
societal benefit areas. Coincidental, successful brokerage with (potential) clients for earth 
observation products and services will be facilitated. 

The project will deliver the following output: 

1. Identification of capacity building needs in earth observation (at a generic and global level, 
but with emphasis on the target regions). 

2. Description of specifications for earth observation capacity building. 
3. Identification of resource providers. 
4. Establishment of sustainable brokerage between stakeholders (including resource 

providers). 
5. Establishment of a mechanism to facilitate cooperation between stakeholders and 

providers is established. 
6. Establishment of a global base of technical expertise for education and training in earth 

observation (with emphasis on developing countries, new EU member states and climate 
monitoring). 

7. Creation of monitoring and evaluation mechanisms to determine the efficacy of GEO 
capacity building efforts. 

 
To achieve maximal impact demonstration projects will be carried out in Southern Africa, the 
French-speaking countries in Africa, and Central and Eastern Europe, with spin-offs to EU 
neighbouring countries and Latin America and Asia. The three-year project) will be carried out by a 
well balanced consortium of partners from the Netherlands, France, South Africa, Morocco, Czech 
Republic and Poland, supervised by an advisory board with a worldwide representation and strong 
connections to GEO. 



 
 

 
APPENDIX 2 – GENERAL EARTH OBSERVATIONS PRODUCTS AND SERVICES MODEL 

General overview 
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APPENDIX 3 –DESCRIPTION OF THE EARTH OBSERVATION RESOURCES MODEL 
 

 

 
 

Update of the GEONetCab UML 
Model (February 2011) 

 

 
MDWEB IMPLEMENTATION          

The design of Mdweb has been established as a result of previous model reviewing, and is based on GNC 
RessourceSpecivicationV3 and different corrections proposed between April and June 2010. The original 
Mdweb objectives will be recalled and the implemented model described. 

 

OBJECTIVES AND CONTENT OF THE GEONETCAB RESOURCES DATABASE 
 

One of the objectives of the GEONetCab project is to popularize earth observation products with potential 
users. A way of doing this is to disseminate information about these products and the uses they may have, thus 
improving their visibility and accessibility.  

To this end, it is proposed to build a prototype around a database of information on these products and 
services. This prototype will connect to the database via a web application for searching, browsing and 
accessing descriptions of relevant resources and, possibly, even the resources themselves. 

The database’s content will consist of descriptions of various existing resources relating to earth 
observation products and services, to their uses, and to related institutions. The latter could be involved in the 
acquisition process, pre-processing, production, interpretation or even just the use of these products or 
services. 

To begin with, earth observation products/services and associated information will be described with a view 
to providing information on their characteristics, their content and their access conditions for potential users 
(user status; usage restrictions, mainly temporal and spatial). There will be references to information from 
institutional producers thus allowing cross-referenced product-supplier-user searches. 

 
In fact, GEONetCab defined seven resources relating to earth observations: 
 

• Organisation Entities  
• EO products 
• Services 
• Software 
• Training 
• References (Success stories) 
• Documents 

 
Each of these resources has been implemented in Mdweb, to permit data entry according to the UML 

model presented below. 

 



 
 

DATA CAPTURE            

In practice, seven profiles have been created for data capture, corresponding with the seven resources defined 
earlier. Each profile is intimately linked to other profiles thanks to referenced attributes. In addition to that link, 
two other links have been established to interconnect resources: RelationType (used by/promoted 
by/produced by/paid by/feedback by/distributed by), which links Organisations/Entities with other resources, 
and TrainingOn, which links Trainings with Software.  

           

 
These relationships have to be kept in mind during data capture. These links can only be captured if linked 
resources have been already captured, which is why a pre-defined order of data capture must be respected. 
The optimal order of capture is: 

1. Organisations (GeoNetCab: OrganisationsEntities) 
2. EO Products (GeoNetCab: EOProducts) 
3. Software  (GeoNetCab: Softwares) 
4. Training (GeoNetCab: Training) 
5. Services  (GeoNetCab: Services) 
6. Documents (GeoNetCab: Documents) 
7. References (GeoNetCab: References) 

 
Figure 1: model overview  



 
 

Figure 2: associated classes 
 



 
 

Figure 3: associated code list 
 



 
 

 
APPENDIX 4 –  RELATION BETWEEN ACTION POINTS FROM THIS REPORT AND GEONETCAB 

WORK PACKAGES AND DELIVERABLES  
 
The numbers given in the table below correspond with the numbers for the action points given in the 
report summary. The action points for SBAs are grouped together. 
 
Subject Action Point WP 

no. 
Description D no. Description 

SBA / 
CB 13 

Include capacity building 
material in the GEONetCab 
capacity building web 

3.5 Building the 
capacity building 
web 

3.5.1 
 
3.5.2 

Improved delivery 
mode 
Material selected 

SBA / 
CB 8, 10 

Gather success stories for 
promotion towards decision 
makers 

4 Awareness and 
dissemination 

4.0.1 Promotion toolkit 

SBA / 
CB 10 

Elaborate specific case studies 4 Awareness and 
dissemination 

4.0.1 Promotion toolkit 

SBA / 
CB 6, 7, 9 

Liaise with coordination 
initiatives and promote 
applications 

4 Awareness and 
dissemination 

4.0.1 Plan awareness 
raising 

CB 1 Complete inventory and 
action plan open-source 
software 

3.5 
 
 
4.5 

Building the 
capacity building 
web 
Workshop open-
source software 

3.5.4 
 
 
4.1.1 

Links open-source 
software and 
catalogues better 
Workshop report 

CB 2 Approach software providers 
to support capacity building 

4 Awareness and 
dissemination 

4.0.1 Plan awareness 
raising 

CB 3 Investigate use of Google 
Earth type applications 

2 Opportunities and 
bottlenecks 

2.0.4 Synthesis 
marketing 
strategy 

CB 4 Complete inventory of 
successful delivery modes for 
capacity building 

2 
 
 

Opportunities and 
bottlenecks 
 

2.0.3 Platform of 
modules in 
capacity building 

CB 5 Investigate possibilities of 
GEONETCast for capacity 
building 

2 Opportunities and 
bottlenecks 

2.0.3 Platform of 
modules in 
capacity building 

CB 12 Promote the use of 
certification for short courses 
and compatibility 

3.0 Evaluation 
mechanisms 

3.0.1 Strategic plan 
connecting and 
building 

CB 13 Organize a workshop on 
performance indicators for 
capacity building 

3.0 
 
 
4.8 

Identification of 
performance 
indicators 
Workshop 
performance 
indicators 

3.0.1 
 
 
4.1.1 

Strategic plan 
connection and 
building 
Workshop report 
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