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Introduction 
This document describes the role of science and technology in advancing the Global Earth 
Observation System of Systems (GEOSS) through the Group on Earth Observations’ (GEO) 2007-
2009 Work Plan. The Science & Technology Committee is working to strengthen this role by 
encouraging the wider scientific and technology community to participate as contributors to and 
benefactors of a sustained GEOSS. Because scientific and technological knowledge and research are 
so vital to our understanding of the integrated Earth system, this document seeks to sensitize potential 
partners and relevant funding agencies to the importance of GEOSS and the many societal benefits it 
can provide (see Figure 1). 
 

 

 

 
The document contains five main sections. Section 1 briefly describes the role of science and 
technology in supporting GEO’s vision of GEOSS. Section 2 explains the document’s objectives, 
GEO’s integrated approach to science and technology, and the formation of GEO’s Science & 
Technology Committee. Section 3 outlines the importance of science and technology to the GEOSS 
10-year Implementation Plan and its reference document. Section 4 addresses both the contribution of 
science to GEOSS implementation and the contribution of GEOSS to science. Section 5 concludes the 
presentation by reiterating how critically important it is that the science and technology community 
actively participate in implementing the Global Earth Observation System of Systems. 

 
Figure 1: Illustration of the concept of 
GEOSS and its nine interconnected societal 
benefit areas (SBAs).Each SBA requires 
many observation data and decision-support 
tools. Each of these data sets and tools can 
serve many SBAs. 
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1 Vision 

The Group on Earth Observations (GEO) vision for the Global Earth Observation System of Systems 
(GEOSS) is to “realize a future wherein decisions and actions for the benefit of humankind are 
informed via coordinated, comprehensive and sustained Earth observations and information” (GEOSS 
10-Year Implementation Plan). GEO will achieve GEOSS in order to improve the monitoring of the 
state of the Earth, increase the understanding of Earth processes, and enhance the prediction of the 
Earth system’s behavior – in a fast changing environment.  

Achieving GEOSS depends on advances in science, technology, and research and GEOSS will itself 
be a driver for such advances. As an example of advances, Figure 2 (Upper Panel) shows the increase 
in skill of different numerical weather prediction centers over the past two decades. Figure 2 illustrates 
the worldwide beneficial result of many years of international investments that produced increases in 
(i) quantity, quality and communication of observations, (ii) research and understanding of 
atmospheric circulation including its interactions with the ocean and land, (iii) data assimilation 
methodologies, (iv) computer capability and capacity. Convergence of Northern Hemisphere and 
Southern Hemisphere skills clearly demonstrates the impressive role of satellite observations to 
improve weather forecast skill in the SH because the SH has only very sparse in-situ measurements.  

 
 

 

 

 

Figure 2: Improvement of skill (anomaly 
correlation score) for: 
 
Upper Panel: Operational numerical weather 
prediction (NWP) 5-day forecasts of 500-hPa 
heights over the Northern Hemisphere (NH; 
20°N-90°N) and Southern Hemisphere (SH; 
90°S-20°S) computed at the European Centre 
for Medium-range Weather Forecasts (ECMWF 
– 12-month running average values of monthly-
mean skill); U.S. National Oceanic and 
Atmospheric Administration (NOAA – annual-
mean skill over 80°-20°), and Japan 
Meteorological Agency (JMA – monthly mean 
skill). Note that NWP centers used different 
model physics and data assimilation schemes  
(courtesy of K. Koizumi (JMA), S. Lord 
(NOAA), and A. Simmons (ECMWF)). 

 
Lower Panel: 7-day forecasts of sea level 
anomaly over the Northern Atlantic Ocean 
(20°S-70°N) computed at Mercator-Ocean  
(12-month running average values of weekly-
mean skill; courtesy of Nicolas Ferry). 
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2 An Integrated Science and Technology Approach to GEOSS 

The interdependence of the nine GEOSS societal benefit areas, the multiple uses of individual 
environmental observations, and the connectivity of Earth processes all call for an integrated science 
and technology approach.  Figure 3 illustrates the central role of science and technology in 
simultaneously advancing societal benefit areas, observations, and Earth system knowledge – a 
primary interdisciplinary goal of GEOSS.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Upper circle: 60-day running-average fluctuations of global sea level recorded with 
the Topography Experiment (TOPEX)/Poseidon and Jason satellites during Aug 1992–Sept 

2005 and Dec 2001 – present, resp.  The annual-mean global sea level rise over Jan 1993-Sept 
2006 is 3.2 ± 0.4 mm per year. Left circle: Connected people representing the 9 GEOSS 
societal benefit areas. Right circle: The search for integrated knowledge – essential for 

environmental prediction (courtesy of Joon Park (NASA)). 
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The Role of the GEO Science &Technology Committee 

The Science & Technology Committee monitors the tasks of the GEOSS implementation plan under 
its responsibility, and interacts with the other Committees to identify the scientific and technological 
requirements of GEOSS that need the involvement of the broader scientific community. It recognises 
the interdependence of the nine GEO Societal Benefit Areas where the multiple uses of individual 
environmental observations and the connectivity of Earth processes call for an integrated science and 
technology approach. The importance of science and technology in GEO Work Plan activities is 
reflected in the Committee structure of GEO as captured in Figure 4.  
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Figure 4: Illustration of the Committee structure of GEO 
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3 Science & Technology within GEOSS: The Building Blocks  

3.1 Science & Technology in the GEO Founding Documents 
It has been recognized since the onset of the GEO initiative that the science and technology 
community is a key target audience among the various sponsors and beneficiaries of the Global Earth 
Observation System of Systems. The 10-year Implementation Plan Reference Document, for instance, 
states that scientific and technical communities must be addressed: this audience includes Research & 
Development institutions, universities, government laboratories, non-governmental bodies, and 
industry. The interest of these communities must be drawn to the potential support Earth Observation 
can provide to their research and investigations, also in order to complement and improve their 
scientific and technical achievements, exploiting the multidisciplinary nature of Earth observation 
data, and facilitating the transfer of technology and know-how. 

The GEO founding documents (10-year Implementation Plan and 10-year Implementation Plan 
Reference Document) have initiated this work of addressing the science and technology community. 
However the explicit or implicit references to science and technology – albeit numerous – are 
scattered throughout the text because the documents have purposes other than the outreach of the 
Science and Technology community. Thus, it makes it difficult for the community to identify the 
scientific and technical tasks that are fundamental for the implementation of GEOSS or to identify 
how GEOSS can contribute to its activities. This section therefore synthesizes the references to 
science and technology in the GEO founding documents identifying the Science and Technology 
building blocks within the GEO initiative.  

3.1.1 Ten-year Implementation Plan  
The 10-Year Implementation Plan clearly acknowledges the role the science and technology 
community in the initiative: "The benefits of GEOSS will be realized globally by a broad range of user 
communities, including … scientific researchers and engineers."1 The plan adds: "The functions of 
GEO include:  

 Drawing on the expertise of the international scientific and technological communities 

 Consulting, coordinating, and liaising with relevant UN Specialized Agencies and 
Programmes, and international scientific organizations."2 

The 10-Year Implementation Plan also refers to the role of the initiative in integrating science and 
technology developments: "To enable implementation of the GEOSS architecture, GEOSS will draw 
on existing Spatial Data Infrastructure (SDI) components as institutional and technical precedents in 
areas such as geodetic reference frames, common geographic data, and standard protocols."3 The Plan 
adds: "In the implementation of GEOSS, increased sharing of methods for modelling and analysis 
needed to transform data into useful products will be advocated."4  

                                                 
1 Section 4.2 User Involvement 
2 Section 6.1 Functions 
3 Section 5.3 Architecture and Interoperability 
4 Section 5.1 Observations and Modelling 
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Moreover, the Plan clearly acknowledges that Research and Development is needed to improve 
observation systems: "GEO will advocate research and development in key areas to facilitate, on an 
ongoing basis, improvements to Earth-observation systems, including: 

 Improved and new instrumentation and system design for in situ, airborne, and space-
based observations on a long-term basis. 

 Life-cycle data management, data integration and information fusion, data mining, network 
enhancement, and design optimization studies. 

 Development of models, data-assimilation modules, and other algorithms that enable to 
produce global and regional products more effectively. 

The GEOSS implementation will promote research efforts that are necessary for the development of 
tools required in all societal benefit areas. It will also encourage and facilitate the transition from 
research to operations of appropriate systems and techniques. This includes facilitating partnerships 
between operational groups and research groups."5 

It also recognizes the role of GEO in capacity building, noting among other things that: "Within 2 
years, GEO will … facilitate, together with existing efforts, the maintenance and strengthening of 
education, training, research and communication, …facilitate with developing countries and across all 
societal benefit areas, the establishment and maintenance of baseline sites for global in situ and 
remote-sensing networks, facilitate access to data and models, particularly for developing countries. 
… Within 6 years, GEO will … facilitate education and training to provide a global base of technical 
expertise for GEOSS …"6. 

3.1.2 Ten-year Implementation Plan Reference Document 
The 10-year Implementation Plan Reference Document was drafted in support of the 10-year 
Implementation Plan and produces substantive detail necessary for the implementation of GEOSS. 
Therefore, numerous references to Science and Technology appear in the Reference Document and the 
present synthesis cannot pretend to exhaustiveness. An attempt is made instead to extract general 
principles outlined in the document. Specific examples are provided in order to illustrate these 
principles. Because the choice of these examples is rather subjective, it should not be interpreted as a 
way of prioritizing the various science and technology references.  

The role of science & technology within GEOSS inferred from the 10-year Implementation Plan 
Reference Document is synthesized below following 4 different general principles which are central to 
the GEO initiative (a rationale for these 4 principles is provided at the beginning of each section):  

 Integration of existing national or regional activities at global level.  

 Cross-cutting research activities. 

 Research activities necessary for emerging Earth Observation systems.  

 Research activities necessary for earth observation capacity building.  

                                                 
5 Section 5.5 Research Facilitation 
6 Section 5.6 Capacity Building 



 
 

GEO-IV – 28-29 November 2007  Document 28
 

7 / 19 

 
Integration of existing national or regional research activities within GEOSS 

In the GEO context the global dimension refers to processes with global consequences in aggregate, or 
with significant global causes, or which require observation enhanced by global systems. Many global 
observational research activities already exist focussing on particular issues or disciplines (some of 
which however lack sustainability in funding). Those activities need to be integrated and gaps need to 
be filled. The focus should be on the harmonization of the measuring methods in order to better 
combine observations of the same variable in different places or by different agencies. The ultimate 
goal should be the integration of observation sciences in the global context and overcoming the 
fragmentation of existing research communities. Hence international partnerships should be developed 
in order to ensure the taking into account of existing know-how as well as to avoid duplication of 
efforts. 

In this respect, the integrating capability of GEO – which will ensure that existing observation systems 
are coordinated and achieve similar standards everywhere on the planet – and the global dimension of 
the observation system fully address the challenges associated with the monitoring of the carbon cycle 
(see Figure 5). In order to achieve an operational carbon observing system, Research & Development 
is needed because monitoring facilities must be capable of addressing a wide range of spatial and 
temporal scales, from local power plants to CO2 sinks in the ocean. 

 
 
 
 

 

 

Figure 5: From a 
scientific point of view, 
the establishment of the 
GEOSS is of crucial 
importance to answer 
important questions like 
the partitioning of CO2 
sinks between the 
biosphere and the ocean 
and an accurate 
monitoring of its 
temporal evolution 
(courtesy of Pascal 
LeGrand, Research 
Directorate General, 
European Commission). 
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Cross-cutting research activities 

Earth observation activities are multidisciplinary and of benefit to several societal benefit areas. 
Scientific communities that are well established can help other communities to emerge or to develop. 
 

EUMETCast 
Africa(EUM

ETSAT)

EUMETCast 
Europe(EU
METSAT)

GEONETCast 
Americas 
(NOAA)

FengYunCast 
(CMA)

Notional Global GEONETCast Coverage

 
 
In the GEO context, key objectives include: (i) interoperability between observing systems, modelling 
systems, information management; (ii) data sharing including the possibility to disseminate data (the 
GEONETCast system is an early example of what can be achieved; see Figure 6); and (iii) 
optimization of information for understanding and predicting environmental phenomena.  

Also the availability of adequate geographical coverage data sets such as long time series and real-
time data need to be addressed (see Figure 7). The integration of various sources of data e.g. remote 
sensing and in-situ data should also form part of this activity.  

 

 
 
 

 

Figure 7: One of the key objectives 
of the Asian Water Cycle Initiative 
is to develop timely, quality, long-
term information on water quantity 
and quality, and their variation as a 
basis for sound national and 
regional decision making. It will 
build on strong linkages between 
science communities, space 
agencies, and decision makers (from 
2007 GEO Ministerial Summit Early 
Achievement on “Asian Water Cycle 
Initiative”). 

Figure 6: GEONETCast is a near 
real-time, global, environmental 
information delivery system by 
which in situ, airborne, and 
space-based observations, 
products, and services from 
GEOSS are transmitted to users 
through communication satellites. 
Reception equipment is generic, 
off-the-shelf equipment and is 
relatively inexpensive makers 
(from 2007 GEO Ministerial 
Summit Early Achievement on 
“GEONETCast”). 
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Research activities necessary for emerging Earth observation systems 

A number of Earth observation activities address new topics or promote radically new approaches to 
outstanding issues (see Figure 8). This type of activity should support the development of Earth 
observation systems and related activities in areas of research where observing/monitoring/modelling 
systems are lacking or need to be significantly improved. 

 
 

 

Research activity necessary for Earth Observation Capacity Building 

Increasing capacity building activities, in particular in developing countries, in the domain of Earth 
observation have strong implications for global science, and for the development of the countries (see 
Figure 9). 

 

 

 

 

 
Figure 9: Field implementation of 
AMMA (African Monsoon 
Multidisciplinary Analyses) 
observations based on nested networks. 
Circles indicated the atmospheric 
sounding network activated during the 
Special Observing Period (SOP) in 
winter 2006. Enhancement of 
observations over this period provided a 
unique opportunity to determine future 
operational monitoring necessary to 
improve weather and climate forecasts 
in the West African region (AMMA 
International Science Plan). 

Figure 8:  MERIT (Meningitis 
Environmental Risk Information 
Technologies) aims to extend current 
capabilities to more effectively 
combine environmental information 
with knowledge of epidemic 
meningococcal meningitis.  This will 
have an immediate impact on public 
health outcomes in Africa through 
increasing the effectiveness of 
prevention and response control 
strategies. 
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GEOSS will help the scientists of developing countries to be involved in international research 
programmes (see Section 3.2) as a major capacity building effort. It is planned that, scientists from 
developing countries should be involved more in observation science, thus contributing to the 
improved monitoring and assessment of their natural resources (energy, water, raw material etc..) and 
environment (climate, forests etc…). The GEOSS relevant science & technology tasks should enable 
policy makers, as well as other stakeholders, in relevant countries to be engaged in various GEO 
activities so that education and research competencies in those countries are mobilized through GEO. 

3.2 Relevant International Research Programmes and Scientific Partnerships 

A great number of the existing component systems of GEOSS derive from the data needs of 
international scientific programmes focused on improved understanding of the Earth system and 
global change, as well as of the interrelationships between natural and human systems in the context of 
population increase, socio-economic development and technological progress. International scientific 
research programmes and international scientific assessments continue to guide the collection of 
observations of existing global environmental observing systems and ipso facto the identification of 
data requirements for the different GEOSS societal benefit areas. There can be no sound scientific 
support in the nine GEOSS societal benefit areas without the organisation of optimal interlinkages 
between knowledge generation through scientific research, long-term observations, sharing of data and 
information, scientific assessments, and policy making. 

Globally coordinated research programmes and projects which relate directly to GEOSS include 
notably the following: 

 World Climate Research Programme (WCRP) 

 International Geosphere-Biosphere Programme (IGBP) 

 International Human Dimensions Programme on Global Environmental Change (IHDP) 

 DIVERSITAS (an International Programme of Biodiversity Science) 

 Earth System Science Partnership (ESSP), with its four global research projects: 

 Global Water System Project (GWSP) 
 Global Carbon Project (GCP) 
 Global Environmental Change and Food Systems (GECAFS) 
 Global Environmental Change and Human Health (GEC&HH) 

Each of these international research programmes of global scale has different institutional sponsors, 
with WCRP (World Meteorological Organisation (WMO), Intergovernmental Oceanic Commission 
(IOC) of UNESCO) and DIVERSITAS (UNESCO) having UN system organizations among their 
sponsors, in addition to international scientific organizations. One sponsor is common to all of them 
which is the International Council for Science (ICSU), ensuring that the activities are anchored in the 
scientific community concerned worldwide. The global research endeavours listed above cover six of 
the nine GEOSS societal benefit areas (agriculture, climate, biodiversity, ecosystems, water and 
health). The World Weather Research Programme (WWRP) of WMO covers the societal benefit area 
“weather”. As regards “disasters”, a natural and human-induced environmental hazards and disasters 
research programme is being prepared by ICSU. 
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While international research programmes of a global scale have been gradually put in place during the 
last three decades, global scientific assessments relevant to the nine societal benefit areas have 
developed much more slowly.  Apart from one notable exception, the Intergovernmental Panel on 
Climate Change (IPCC), international assessment bodies of comparable scope and regular output for 
other areas have not yet been institutionalized. However, the Millennium Ecosystem Assessment and 
the still ongoing International Assessment of Agricultural Science and Technology for Development 
are highly important milestones in their fields for improving the science for policy scheme. Other 
examples of assessments with mutually beneficial relationships to GEOSS are the World Water 
Assessment Programme (UN system) and the Global Energy Assessment, recently launched by the 
International Institute on Applied Systems Analysis (IIASA). For “biodiversity”, a consultation 
process is underway to set up an International Mechanism of Scientific Expertise on Biodiversity 
(IMoSEB). In the area of “energy, ICSU, the International Council of Academies of Engineering and 
Technological Sciences and the Renewable Energy Policy Network (REN21) jointly sponsor the 
International Scientific Advisory Panel on Renewable Energies. 

The preparation of global state-of-the-art reports for an integrated global observing strategy was one of 
the main objectives in establishing in 1998 the Integrated Global Observing Strategy (IGOS) 
Partnership. The IGOS Partners include GOS and GAW, GCOS, GGOS, GOOS, and GTOS, the 
international organizations which sponsor these observing systems, the Committee on Earth 
Observation Satellites (CEOS), the International Group of Funding Agencies for Global Change 
Research (IGFA) and some of the international global change research programmes.  

The preparation of the so-called IGOS-P Theme Reports has brought together the producers of global 
observations and the users that require them in order to identify products needed, gaps in observations, 
and mechanisms necessary to respond to needs in the policy and science communities.  

In addition to IGOS-P reports, other strategy documents are available dealing with observations in 
specific domains. For example, in the climate domain, these are notably the GCOS Implementation 
Plan and strategy documents from WCRP, IGBP and ESSP projects. Comprehensive ocean observing 
plans for each ocean basin have been developed through the WMO/IOC Ocean Observations Panel for 
Climate (OOPC), the International Ocean Carbon Coordination Group, and other international panels 
sponsored by the WCRP Climate Variability Program (CLIVAR). 

The IGOS Partnership has started transitioning the IGOS-P themes into GEO. The IGOS-P process 
will be “embedded” into GEO, thus providing added value in terms of: 

 enhanced focus on end-user aspects and implementation plans. 

 oversight of the process by GEO Committees (including the Science and Technology 
Committee). 

A concrete example of a proactive approach to engage the science community in GEOSS through 
international research programmes is that introduced by the European Commission under the 
environment theme of the European Community 7th Framework Program (EC FP7).  

Under this indent the FP7 decision makes an explicit reference to the GEOSS initiative: "contribute to 
the development and integration of observation systems for environmental and sustainability issues in 
the framework of GEOSS (to which the European initiative Global Monitoring for Environment and 
Security is complementary); interoperability between systems and optimisation of information for 
understanding, modelling and predicting environmental phenomena, for assessing, exploring and 
managing natural resources."  
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The research activities relevant to GEO will be implemented through annual calls for proposals from 
2007 until 2013 which is the duration of FP7. As indicated in the call for proposals the research topics 
will be dealt with through the projects in coordination with the relevant GEO tasks. Thus there should 
be a direct contribution of the projects to GEO and the projects should benefit from the know-how and 
participants within the GEO tasks. The projects are open to all research organisations in the 27 
European Union countries, plus the countries associated to the Framework Program of Community 
Research. Third countries are also invited to participate to those projects, in particular because of the 
international dimension of the research activities to be carried out in the GEO context.  

4 GEOSS and Science  

4.1 What can Science do for GEOSS? 

Every application of Earth observation builds on scientific results that require process 
understanding 

In order to achieve the goals of GEOSS, formulated through societal benefit areas, the contribution of 
Earth observation can only materialize through an understanding of the physical, chemical and 
biological processes going on above, on and inside the Earth’s surface. This is a task for the scientific 
community and needs comprehensive Earth observation technologies. Every application of Earth 
observation that has been developed builds on such a scientific understanding. This process 
understanding is what links the observational data, both from space and in-situ, to models of how the 
Earth system works. This linking of observations and models to provide quantitative estimates and 
predictions is a major task for the scientific community. It is also important to realize that this is 
usually a continuous process, where further scientific understanding in turn will further improve the 
applications. It is therefore essential that the scientific community be continuously involved in the 
improvement of existing applications (see Figure 10). 

 

 

 

 

Figure 10: Conceptual diagram 
of the Arctic Observing 
Network and the flows and 
exchanges of information that 
represent its contribution to 
value-added services and 
societal benefits of regional and 
global importance, and 
comprehensive observation of 
the Earth system (from 2007 
GEO Ministerial Summit Early 
Achievement on “Arctic 
Observing Network”). 
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Connecting disciplines and addressing complex issues 

The societal benefit areas typically require a cross-cutting scientific approach, building on information 
from a number of disciplines and data from different sources (see Figure 11). The scientific 
community needs to address these multidisciplinary questions, where scientists from different fields 
must collaborate. It necessitates the involvement of scientists from relevant disciplines of both natural 
and socioeconomic sciences. 
 
 
 
 

Figure 11: The German Indonesian tsunami early-warning system is an integral part of a multi-hazard 
Early-Warning-System for the registration of other natural catastrophes including earthquakes and 

volcanic eruptions.  The system integrates terrestrial seismologic and geodetic monitoring arrays with 
marine and satellite-based observation platforms (from 2007 GEO Ministerial Summit Early 

Achievement on “German Indonesian Tsunami Early-Warning System”). 
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Need to develop models in order to provide forecasting capabilities 

The scientific understanding needs to be formulated to a large degree through models. These models 
are simplified simulations (approximations) to the actual processes and form the basis for testing the 
actual scientific understanding and also for developing forecasting capabilities. An essential part of 
these models is how they make use of the observational data available. The scientific community has 
been developing more and more sophisticated (high-resolution) models and data assimilation 
techniques (see Figure 12). This needs to be done for large sets of data from different sources and with 
highly varying time and spatial scales. Traditionally these models have been addressing only a part of 
the total system, where the surrounding environment has been defined through some suitable boundary 
conditions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: The global cloud distribution in a present-day 320-km resolution climate simulation experiment (left panel). Right 
panel, same as left panel, but for a 20-km resolution simulation with the same model (courtesy of Takeshi Enomoto, Earth 
Simulator Center/JAMSTEC).  
 

320-km resolution

20-km resolution
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Develop new observation and measurement techniques 

The scientific community has been creative in inventing new observation and measurement techniques 
(see Figure 13). This requires a close cooperation between the scientific agenda and technology 
development. An integrated approach to the development of new Earth observations that includes 
surface-based networks, systematic aircraft as well as satellites is needed. Within Earth observation 
from space, techniques like SAR interferometry, altimetry and gravimetry are examples of techniques 
that have been able to facilitate applications of Earth observation previously not considered possible.  

 
 

 

 
 
Within observations improvement in surface-based observations of aerosols and their composition is 
critical for the managing air quality effectively. For instance, next generation aerosol mass 
spectrometers will be available for routine monitoring. Vertical profiles of atmospheric composition 
by aircraft and surface-based ozone and aerosol lidars are essential. It is crucial that the scientific 
community continues this synergistic development. This must go hand-in-hand with new model and 
algorithm developments in order to utilize the new data. The key challenge is that monitoring systems 
which have been developed as part of scientific research and turned out to be essential for the 
monitoring of the Earth system need to be transformed into an operational and sustained mode. New 
methodologies must be assessed first whether they provide crucial new data and thus justify their 
inclusion in GEOSS. If so, the funding basis for these monitoring activities must be changed so that 
they do not dependent on research funds. 

 
Figure 13: This graphic depicts depth and 
temperature data sampled along the North 
American west coast by a bluefin tuna. This is 
just one example of the low cost autonomous 
measurements of ocean properties that can be 
collected by tags placed on oceanic animals 
(courtesy of Barbara Block and the Tagging of 
Pacific Pelagics program of the Census of 
Marine Life). 
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Data handling, processing and visualization 

In addition to the scientific developments needed for providing the required process understanding, 
there is also a need for a consistent science and technology agenda on issues like data handling, 
processing and algorithm techniques, semantic interoperability and data visualization. Progress in 
these fields is required in order to make data available in an efficient manner, to use it in models and 
to interpret the model results (see Figure 14). Also additional data sources are needed in order to make 
progress in modelling. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 14: The SERVIR system is web-based and provides a geospatial data portal, online mapping, 
thematic decision support tools for the GEOSS societal benefit areas, and three-dimensional, 
interactive visualization of the Earth and geospatial data (from 2007 GEO Ministerial Summit Early 
Achievement on “SERVIR:  An Earth Observation, Monitoring, and Visualization System”). 
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4.2 What can GEOSS do for Science? 

Linking observations across societal benefit areas 

A major role of GEOSS is to promote scientific connections between the observation systems that 
constitute the system of systems. Thus GEOSS will enhance the value of the observations from an 
individual component system by extending the application data across societal benefit areas (see 
Figure 15). Such interactions should also promote the introduction of new scientific techniques and 
technologies in the component observing systems. 

 
 
 

 

 
 

Identify gaps in observations, research and development 

Through the definition of its overall goals GEOSS emphasizes the need for increased scientific 
understanding in order to develop the necessary applications. By considering the application of 
observations across all the societal benefit areas, it should help identify gaps as well as overlaps in the 
observing systems in order to achieve an optimized data base in technical, operational and funding 
terms. 

Figure 15: Information needs and 
observation requirements for all 
GEO societal benefit areas 
emphasize the multitude of benefits 
from continuous and consistent 
global land cover observations (from 
2007 GEO Ministerial Summit Early 
Achievement on “Improved global 
land cover observations and 
assessments”). 
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Provision of long time series of observations 

The provision of long time series of surface-based, aircraft and satellite Earth observation is 
fundamental to the progress in Earth sciences. Such observations are crucially important for detection 
of trends and for example within climate change, a number of continuity and quality criteria for 
observational data have been defined under the "GCOS climate monitoring principles". In order to 
make possible a reliable detection of slow trends, the data must also be well calibrated and cross-
calibrated with data from other sources. Through its societal benefit areas GEOSS identifies the need 
for such data. 

GEOSS could/should support the sustainability of long-term measurements by promoting this 
necessity to relevant funding agencies so that long-term observations are sustained and available for 
the benefits, needs and interests of all societal benefit areas. 

Improve access and harmonization of in-situ data 

Through GEOSS and its integrated observing components, the scientific community should have easy 
access to and make optimal use of data from different sources. In particular, the surface-based (see 
Figure 16), aircraft and satellite observations are highly diverse, not necessarily standardized in terms 
of formats, etc., and sometimes difficult to access. GEOSS will invest substantial efforts in data 
harmonization and better access.  

 

 

 

 

Bridge gaps between science and application 

GEOSS has the potential to bridge gaps between the societal benefits relevant applications and the 
necessary scientific developments. 

 
Figure 16:  The broad-scale global 
array of temperature/salinity 
profiling floats, known as Argo, 
already grown to be a major 
component of the ocean observing 
system.  Deployments began in 
2000 (as of July 2007 close to 3000 
floats had been deployed by 
scientists from 23 nations; from 
2007 GEO Ministerial Summit 
Early Achievement on “Argo”). 
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5 Conclusions 

This document describes the central importance of science and technology to GEO and the 
implementation of GEOSS. Addressing the scientific and technological aspects of the GEO Work Plan 
is vital to realizing the societal benefits promised by GEOSS and to raising political awareness of 
these benefits. Fortunately, the science community is becoming more and more involved in GEO, as 
confirmed by the inclusion of GEO Work Plan Tasks and activities in the programmes and strategies 
of a growing number of organizations. Some international organizations deeply involved in the 
shaping and implementation of research programmes are already members of GEO or are contributing 
to the work of the GEO Science & Technology Committee. Increasingly, the connection to GEO has 
ensured the credibility of a programme or activity and become crucial for fund raising. This document 
seeks to encourage more scientists, research institutions and funding agencies to contribute to GEOSS. 
In addition, it aims to engage the scientific community more fully in the construction of GEOSS in 
order to encourage further breakthroughs in our understanding of the Earth system and of all GEO 
societal benefit areas. 


