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As agreed at the ninth meeting of the Integrated Global Observing Strategy (IGOS) Partnership, this review paper was prepared to address some of the strategic choices that face the IGOS partnership in future development of themes and to stimulate discussion on this topic among the partners. The paper identifies potential emerging topics and proposes elements for a strategic framework when considering new themes and managing existing ones.

Background

After an initial period during which pilot observing projects were developed on an ad hoc basis in 1998-99, the IGOS partners decided to systematically use a “themes approach” for developing integrated earth observations which demonstrate the value of linking satellite and in situ measurements in a policy relevant product. The initial proposal by the CEOS Chairman in July 1999 included an indicative list of themes that was intended to be illustrative: 

· Oceans

· Terrestrial  (initially estimation of global net primary productivity (NPP))

· Atmospheric chemistry & climate

· Weather prediction (assumed to be covered by ongoing WMO activities); 

· Coastal areas

· Disaster management

· Carbon cycle  (initially carbon sinks: global mapping & monitoring

· Climate impacts and climate variability & change

· Water Cycle

Since 1999, the IGOS Partnership has approved the development of six themes (see BOX). The theme report on Oceans and a sub-theme report on Coral Reefs have been adopted; reports on Carbon, Geophysical hazards and Water are expected to be ready for approval in November 2003. As the theme process matures, with only two themes still in development, the question of new themes has arisen. 

There has been concern among the partners about their capacity to implement themes, and therefore a hesitation to consider new topics. Some partners feel the total number should be limited. What then does IGOS do next? What should happen to a theme that is successfully developed and implemented? This paper attempts to put these issues into a longer term strategic perspective.

_______________________________________________________________

BOX: PRESENT IGOS THEMES

Oceans: Proposal adopted in June 1999 as the first IGOS theme; report approved November 2000 with a 10 year perspective on ocean observing requirements; CEOS commitments announced November 2001; rolling review and theme restatement initiated in 2003 to report in 2004.

Global Carbon Cycle: Sub-theme proposals adopted November 1999; report on terrestrial, atmospheric components approved in June 2001; ocean component report approved November 2001. Integrated Global Carbon Observation theme proposal approved in June 2001; report expected in November 2003.

Global Atmospheric Chemistry: Proposal adopted June 2001.

Global Water Cycle: Proposal adopted November 2001; report expected in November 2003.

Geohazards: Proposal adopted June 2002; report expected in November 2003.

Coastal Areas: Proposal adopted June 2003.

Coral Reefs: Proposal adopted as a sub-theme to coastal in November 2001; report approved June 2003.

_________________________________________________________

Of the themes originally proposed by the CEOS chairman in 1999, Oceans, Atmospheric chemistry, Coastal areas, Carbon cycle and Water cycle have been initiated and in part completed. The issue of disaster management was discussed as a possible theme in 1999-2000 but was completed by a CEOS team in 2003 without IGOS involvement. No theme has been proposed for climate impacts and variability but strategic planning for observations in this area is already the responsibility of GCOS.

It has generally taken at least a year for a theme proposal to be developed and adopted, and another 18 months to 2 years or more for a theme report to be prepared and approved. The frequency of IGOS meetings (initially every six months, presently annual) to review and comment on progress seems to have little impact on the rate of progress.

Thematic coverage

Given the pragmatic approach initially adopted, it is worth reviewing the gaps in coverage of present and planned themes and to consider options for IGOS coverage during the next five years.

Oceans and coasts are on the way to being covered systematically. Several aspects of atmospheric observations are included in themes but there has been no effort to integrate across all atmospheric observations. The coverage of terrestrial systems remains a major gap in the initial theme coverage although some dimensions are addressed in the carbon cycle and geohazards themes.

The themes initially selected by the partners were among the more obvious ones to develop - low-hanging fruit is picked first. The Ocean theme is an example. Much work had already been done on ocean observing issues, the science and policy communities were relatively coherent and supportive. Furthermore, an institutional framework with intergovernmental organizations, a well-integrated scientific community, and a Global Ocean Observing System were already in place. Most of the other early themes also cater to such well-defined convergence of interests. 

The slow development of themes in the terrestrial area is due to its greater complexities, with a wide range of user groups, a large and fragmented scientific community, and highly diverse, often rudimentary and relatively underfunded institutional structures. Future themes will probably be more difficult to develop and more complicated to implement for these reasons.

The thematic approach was originally adopted because it seemed impractical to consider a single fully-integrated observing strategy for all earth observations at the present time. Yet the IGOS Process Paper aims the Partnership "to provide a comprehensive framework... for global observation of the Earth" and "an over-arching strategy for conducting observations relating to climate and atmosphere, oceans and coasts, the land surface and the Earth's interior".  While themes facilitate collaboration and are policy relevant, they are not the only dimension of integration needed for a comprehensive framework for Earth observations. The IGOS Partners must decide whether a higher level of integration is possible or even desirable, even in the medium or long term, or whether the purposes of the partnership are best met only by focusing on a selected number of strategic themes. Aiming for a single integrated observing strategy will allow the greatest cost-effectiveness for investments in observing infrastructure, since instruments can often have multiple uses. Selecting only strategic issues may be a more reasonable way to cope with limited capacity. There are some options, discussed below, that would make it possible to combine the two approaches. 

One concern with thematic coverage is that the selection of themes reflects the interests of the technologically advanced countries and the scientific community, who have taken the lead in developing advanced observing technologies like satellites. To broaden the base of government support and collaboration, the IGOS Partnership has made a considerable effort to show the relevance of observing systems to sustainable development, particularly through its outreach at the Commission on Sustainable Development and the World Summit on Sustainable Development. For these efforts to be effective, it is necessary to identify themes, or at least observing products, that are relevant to the priorities and concerns of the poorer developing countries and peoples. There is also the question of choosing those inter-governmental forums that are most effective in making use of earth observation products.

Emerging issues

In reviewing a strategy for themes, it can help to consider emerging issues for earth observations that could benefit from strategic treatment by IGOS. Themes can address components or processes of the Earth system, as at present, or they can revolve around socio-economic issues that integrate observations in a more cross-cutting way. The following issues could become themes in themselves or suggest other possible themes.

Land surface

The land surface represents a particular challenge, with both human and natural components and many possible thematic perspectives. Much is being done for terrestrial observations, but it is worth asking in the IGOS context whether specific sub-themes would benefit from an IGOS perspective, and ultimately whether more integration is possible or necessary. From a geological perspective, a theme focused on soils could look at soil deterioration and erosion, soil moisture as measure of its organic content, and sediment transport and its impact on rivers, lakes, reservoirs, dams, and coastal areas. The aim could be a global set of soil accounts monitoring trends in this critical component of natural capital required for sustainability. 

There is also the problem of airborne soil particles from dust storms and wind erosion, often involving long-distance intercontinental transport with significant impacts, through such components as available iron and pathogenic spores, on receiving land and waters (plankton blooms, coral diseases, etc.). 

A theme on vegetation and biomes could coordinate significant observations on land conversion, natural and managed ecosystem dynamics, biodiversity, forest loss and regeneration, primary productivity, agriculture and food security, pests, diseases and invasive species. For example, an early warning mechanism might help to cope with the increasing number of forest diseases wiping out major species over whole continents (dutch elm disease, chestnut blight, the recent beetle attack on alder in Canada, etc.). 

An observation baseline could also be established to monitor the effects of rising carbon dioxide levels on different species and vegetation components. This will be necessary to confirm the expected beneficial effects on some species and negative impacts on others. If vegetation and soil organic matter become significant as carbon sinks under the Kyoto Protocol, they will require systematic monitoring for this purpose as well. 

There is also the challenge of pulling together the many kinds of observations needed for integrated land management and regional planning for various kinds of areas such as watersheds, river basins, coastal zones, ecoregions, and protected areas, as well as political entities. Such a theme would require a major data assimilation and management component. These are all topics closely related to sustainable development.

Socio-economic

Human dimension of earth observation and sustainable development is largely missing in IGOS efforts, suggesting the need for a socio-economic theme or adding such a dimension to existing themes. How do environmental observations relate to human populations and their behaviour? Land cover characterization and change, and night lights as an indicator of population density have been suggested as possible components (although the latter is biased against the poor who cannot afford electricity). 


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


One of the challenges in information for decision-making is to add a spatial dimension to traditional socio-economic statistics, which lose much of their potential information content through simple numerical aggregation at the national level. Little work has been done on the possible use of remote sensing to complete or expand traditional statistics. 

The growing use of Geographic Information Systems might make this a fruitful area for IGOS attention, focusing on integrated data on human society with new information tools for decision-making. Such data products could, for instance, provide a dynamic mapping of economic activities or document the positive and negative effects of globalization.  

The topic of global agriculture is a potentially important integrating theme that brings bio-physical and socio-economic dimensions together through topics ranging from food production and supply, land quality, population, infrastructure and a variety of other observations.

Urbanization

A related theme could be urbanization and the growth of human infrastructure and human impacts on the surface of the planet. The percent of the surface altered by human construction is considerable and expanding rapidly, but the cumulative effects of this process are poorly understood. A theme in this area would also be relevant to issues of access to and degradation of land, and of poverty spread and its alleviation. Appropriate image processing may be able to distinguish the economic and social state of communities and their evolution over time.

Chemical

The Earth can be observed from a chemical perspective, looking at pollution levels, point emissions and spills, and their effects on environmental resources. Much observing of chemicals in the environment has been through in situ sampling at the local level. This creates data assimilation challenges to situate point samples in their geographic and ecological setting, and to work out long-range transport, sources and sinks of pollutants. 

There is also a need to understand the global chemical cycles of such significant elements as nitrogen, phosphorus and sulphur, as well as the global behaviour of persistent organic pollutants, heavy metals, and other chemical with health and environmental impacts. Most marine pollution, for instance, is due to atmospheric deposition. The potential of satellite-based instruments and global modelling to improve understanding of the pathways and processes involved could be considerable.

Energy

Energy is essential for development. The impacts of fossil fuel use, and the potential for renewable energy replacements, are a major preoccupation. An observing strategy for energy could help to explore and quantify the planet's potential energy resources: wind, tides, waves, biofuels, geothermal (through thermal anomalies), etc. The Earth's natural energy systems driven by primary production also need quantification and monitoring through observations of photosynthetic capacity and human impacts on it. 

Data are needed to support a better understanding of global energy markets, and to monitor natural gas, methane and eventually hydrogen emissions and leaks and their global warming potential. Concerns about the instability of methane hydrates in ocean sediments, and of methane releases from melting permafrost,  may also require development of a global early warning system.

Planet

The behaviour of the planet itself is another potential thematic area. The characteristics of the Earth's interior, its shape, continental and crustal movements, its response to solar and lunar gravitational pulls, its magnetic fields (with concerns about a possible reversal), even its emissions of gases, electrical activity and light and their potential for earthquake prediction could provide content for an interesting and relevant IGOS theme.

Atmosphere

While many aspects of the atmosphere are covered by existing themes, there are other aspects of atmospheric behaviour and phenomena that may be relevant, such as lightning and other electrical phenomena in the atmosphere, and the transport of dust, soot, spores, insects and other propagules as mentioned above. 

A theme focusing on the long-range atmospheric transport of a variety of materials and their implications would help to improve the understanding of microbial ecology, the spread of agricultural pathogens, ocean and freshwater productivity, plant and animal dispersal, ambient solar radiation, human health impacts, etc. This could also be relevant to concerns over the spread of genetically-modified organisms, and of chemical and biological agents used by terrorists. These transport pathways are highly variable in time and space, and their effects are poorly understood. Sahara dust can at different times fall in the Caribbean, the Swiss Alps and the Black Sea, and dust from northern China can reach North America. The potential for an integrated view here is considerable, and could be significant for early warning.

Law enforcement

From a different perspective, IGOS could develop a theme on law enforcement, exploring the potential of observing systems to identify and document illegal activity. This could include unreported and illegal fishing; production of narcotic drugs; illegal logging, burning and forest clearing; terrorist activities; conflict situations and their human and environmental impacts;  enforcement of conventions; collecting evidence for international tribunals, etc.

Space-based risks

Observing systems are already addressing space-based risks: solar flares, variations in the solar wind, perturbations in the magnetosphere, the hazards of space junk, and early warning of  asteroid/comet impacts. It could be worth considering if IGOS might add value in this area.

Poverty and development

It could be advantageous to consider a theme directly addressing the concerns of developing countries, such as poverty and development. This could consider how earth observations can deliver benefits directly to the poor in rural areas. For example, can observing products improve the immediate benefits and sustainability of small-scale subsistence agriculture, fuelwood supplies and charcoal production, local use of forest products, reliability of water supplies, coastal subsistence fisheries, and other natural resources management issues of the poor? Can new observing technologies reduce the vulnerability of the poor to natural disasters? What support can observing systems be to rural environmental education, and to raising the general scientific understanding of rural peoples, integrated with their traditional knowledge and cultures? 

A major part of such a theme would be to consider how to deliver such benefits to the poor themselves.  Initiatives, such as the UN Millennium Development Goals or the Millennium Ecosystem Assessment are among the important international initiatives that are addressing such topics.

Further development of themes

The initial set of IGOS themes was not intended to be complete and some additional topics have emerged on an ad hoc basis. There are areas of overlap and common interests in particular observations across several themes. IGOS needs to consider inter-relationships and integration between themes, especially as their number increases. This suggests a possible direction in the evolution for IGOS.

Based on experience to date, a theme can be viewed as having the following life cycle:

· definition of an issue and a constituency interested in observations on that issue;

· preparation of a theme proposal, in interaction with the IGOS partners;

· identification of co-leaders and a theme team representing the principal constituencies;

· adoption of the theme proposal by IGOS-P;

· development of the report, requiring conceptual and institutional progress;

· wide review of the draft report to build consensus on its recommendations;

· adoption of the theme report by IGOS-P with identification of a responsible observing system for implementation;

· nomination of an implementation team to monitor progress in implementing the key theme components;

· implementation, including CEOS commitments through SIT, user commitments, institutional commitments, and government commitments;

· rolling review and redrafting/updating of the theme report (possibly after 3-5 years);

· evaluation and identification of new areas/problems for IGOS attention.

It is already taking ca. 3-5 years to reach an approved theme report. How long should the implementation phase last? Are themes intended to continue indefinitely under IGOS, with regular revisions (as seems to be happening with oceans) or should they be terminated when identified goals have been achieved? Should they have a set lifetime so their evolution is not unduly influenced by non-technical considerations? At present, themes are still open-ended processes. This issue requires more attention by the partnership.

It was expected that themes would form the building blocks for an integrated earth observation strategy:

"The 'theme' approach should be a step-wise internal process based on perceived priorities towards the development of an integrated global observing strategy." (IGOS Process Paper, para.10),  

To keep the number of themes to a manageable size, it may be appropriate to assemble a few broad and more-or-less permanent topics (oceans, atmospheric, terrestrial, human) that are implemented, piece by piece, through a series of sub-themes. This has in fact started on an ad hoc basis but could be done more systematically through a nested approach to theme development. For example, a terrestrial theme could be assembled with components of geohazards, the water cycle and the carbon cycle, soil, vegetation and urbanization and socio-economic. These could start as separate processes (as at present) followed by a higher level integration process or could be conceived as an evolving process with the components coordinated by a comprehensive theme team that takes account the varying rates of progress.

Another option would be to consolidate related themes after an initial implementation period. For example, atmospheric chemistry and the atmospheric parts of the carbon cycle water cycle themes might be consolidated in an atmospheric theme that integrates all aspects of atmospheric observations. This would help to limit the number of themes while allowing strategic issues to be addressed in a focused way. The aggregate themes could correspond to the relevant observing systems and give them strategic guidance.

It is inevitable that the IGOS themes process will evolve and mature. Although there is not yet a widely shared vision of what an integrated earth observation system should look like, as more theme reports are completed and implemented, the major components of an integrated strategy will develop and future themes will likely be narrower in scope. They could address specific gaps in coverage, newly-emerging issues not anticipated, or technological innovations in observations or data integration that will need to be added. 

There may also be a need for a updating the broad themes at specified intervals (e.g. 5-10 years). At some future point, an additional process may be needed to integrate all the themes substantively and institutionally into an integrated global observing system. The recent Earth Observation Summit may offer such an opportunity although it is too early to tell.

Examining the thematic process in retrospect reveals several ways in which the process contributes to IGOS goals. On the scientific side, a theme clarifies the objectives for and the use of observing information to improve our understanding of environmental processes and human impacts and to identify options for their management. On the technological side, a theme matches the capacity of observing technologies and instruments with data requirements, and often defines new technological requirements or explores the use of emerging technologies. 

Institutionally, a theme establishes dialogue between scientists, engineers, information technology specialists, programme managers and users, and builds partnerships between space agencies, intergovernmental organizations, scientific research programmes, nongovernmental organizations, and (potentially) the private sector in support of observing programmes and of improved delivery of information for decision-making. 

In this sense, the process counts nearly as much as the result. Significant progress in any or all of these components would be good justification for the adoption of a theme by IGOS, and theme design could be optimized to address each of these components explicitly. Some of these benefits could also be developed sequentially, with a first theme report coordinating and harmonizing existing data requirements and delivery capacities, and a subsequent revision addressing further institutional requirements identified during initial implementation, or adding evolving technological perspectives in the future.

Implementation capacity 

As the theme process proceeds, new issues about the IGOS process are emerging. There have been growing concerns about imbalances in the capacity of IGOS Partners to develop and implement themes simultaneously and effectively. IGOS is not an implementing entity, but it does have a responsibility to ensure that its work has an impact and produces results. The follow-up to theme reports is thus a critical aspect of the whole thematic approach already addressed in part through the implementation strategy.

There are different opinions among the partners as to whether IGOS should focus narrowly on observing processes or more broadly on the use of observations for decision-making.  This distinction is critical for the success of the partnership and for the implementation of themes. The IGOS Process paper gives two principal objectives for the strategy:

· how well user requirements are being met by the existing mix of observations, including those of the global observing systems, and

· how they could be met in the future through better integration and optimization of remote sensing (especially space-based) and in situ systems.

User requirements are more than just a table of data specifications, although that is important as an intermediate product. They include the delivery of processed observing information in forms useful for decision-making. IGOS themes must therefore consider users' information requirements, the delivery of observational products, mechanisms for integration and optimization of observations through information systems, data assimilation and the definition of processed outputs.

The Process paper also refers to implementation: 

"The strategy should serve as guidance to those responsible for defining and implementing individual observing systems. The implementation of the strategy; i.e., the establishment and maintenance of the components of an integrated global observing system, must remain with the governments and organizations with commitments expressed, for example, within the governing council of the observing systems' sponsors."

While governments play an important role, to suggest that only governments implement is an oversimplification. Clearly governments fund national space agencies, most scientific research activities, and operational observation programmes, but nongovernmental organizations and even the private sector have roles in in situ observations, and there are now private sector observational satellites. 

Many information systems and coordination mechanisms are beyond direct government control (e.g. international mapping and remote sensing consortiums). Governments often follow rather than lead expert opinion and can be slow to respond to demands from user or pressure groups. Commitment by governments to a theme in the governing body of an observing system sponsor will not in itself ensure implementation. The theme process could be actively used to build partnerships and high levels of institutional commitment (as is starting to happen at present).

This suggests an important role for IGOS in stimulating the development of implementation capacity, not just in technologies but also in data processing, archiving, interpretation and delivery. Historically, the technological capacity to observe the environment has run far ahead of the capacity to analyze and use the information. A theme should give greater emphasis to the entire decision-making chain to ensure that observations are used widely and effectively. It should identify needs and recommend solutions across this whole process.

The present observing systems that are IGOS partners do not cover the full domain of Earth observations and are at different stages in their development, so they do not at present provide the ideal framework for theme implementation. There is no single or comprehensive atmosphere observing system, and the system for climate is cross-cutting. 

GTOS and terrestrial observations in general, are dramatically under-resourced for what is probably the most complex observing area. Some present themes do not logically fit with any existing observing system while others are relevant to all the observing systems. It makes little sense to artificially fit these themes into the existing observing system structure. To resolve this problem, IGOS partners, particularly the international organizations, may need to take a more active role in considering new or restructured observing systems. 

IGOS themes should also identify appropriate structures and implementation mechanisms outside the IGOS Partnership and obtain commitments for their implementation.  The UNESCO-IOC/WMO joint technical committee on oceanography and marine meteorology is one example of an intergovernmental effort to ensure that countries agree and are guided in their observation activities.

A greater part of IGOS partners time and resources could therefore be directed towards stimulating governments, international organizations, scientific bodies and programmes, nongovernmental organizations and the private sector to collaborate in building support for operational earth observing programmes as they arise from IGOS themes.

Strategic priorities for IGOS

IGOS is a strategic planning process. Its value added is to make contributions at the cutting edge of emerging technical and institutional issues concerning observing systems and global environmental change. It must not become bogged down in its own bureaucracy, nor to be dragged into continuing responsibilities that it is not structured to handle. 

Given its current resources, IGOS can only maintain the high-level participation of its partners if the issues it addresses are seen to be worth their time, and useful to their own responsibilities as leaders in their institutions. The rotating chairmanship and voluntary secretariat help to maintain a light responsive structure but hinder a long-term strategic perspective. A special effort is needed to keep longer-term strategic priorities in focus; the themes approach should be viewed as one component of this. 

The strategic priorities of IGOS can be of several types:

· New issues (environmental, social, scientific) requiring coherent observations, such as some of those mentioned above under emerging issues;

· New observing and information technologies that may apply to many themes and need to be integrated;

· New user groups or information delivery mechanisms such as international convention parties and secretariats, national reports on commitments made at international conferences, government statistical services, and significant international assessments.

The partners could seek out these areas of strategic potential and exploit them.  Examples of successes include addressing the carbon cycle as related to greenhouse gas issues, developing geohazards and coral reef reports to respond to urgent global problems, and supporting the developing relationship between GCOS and the Framework Convention on Climate Change.

Over the next five years, IGOS could pursue three strategic directions:

First, it should complete the broad themes covering the major domains of Earth observation. It should then look at the interrelationships between themes and the potential for integration across all thematic areas. 

A second thrust should target the major user groups and get them involved in the design and support of observing systems adapted to their needs. This would be an extension of the outreach strategy but with the specific aim of reinforcing observing systems. It could be done within existing themes or with specific themes tailored to a user group. It might imply some expansion of the number of IGOS partners to bring in representatives of such groups. 

A third component should have at least one theme or sub-theme at any time addressing a high visibility issue of political prominence and urgency. This would help to demonstrate the usefulness of observations to a wider public. In this way IGOS would simultaneously build the framework of a fully integrated observing system, expand the base of users supporting the system, and maintain its visibility and relevance in the eyes of political leaders, decision-makers and funding sources.

To ensure its relevance, IGOS should have a minimum of two theme proposals in development and two theme teams preparing reports at any one time. 

Criteria for new IGOS themes

Within the broad strategy outlined above, the IGOS partners will still need to select a limited number of themes to pursue at any one time. It will therefore be useful to consider criteria and elements of a strategic framework to assist the Partners in deciding on the adoption of new themes. New themes could be judged by the following qualities:

· Human importance: relevant to important issues for human society with a significant user group for the observations;

· Policy priority: fills an important gap in observing efforts, addresses an unresolved challenge in global environmental change;

· Practicality: potential to make significant progress in 5-10 years;

· Integration: makes a contribution to broader integration within IGOS, includes relationships with other themes, and/or fits in the overall IGOS strategy;

· Innovation: has the potential to advance observing technologies, or pioneer new methods.

Not all themes would need to demonstrate all of these qualities, but the higher the number of qualities, the stronger the proposal should be.

The framework for selecting IGOS themes could include the characteristics mentioned earlier: stepwise assembly of an integrated observing strategy through thematic and sub-thematic components; development of the institutional mechanisms for integrating remote and in situ observations, for data processing and delivery of information products; maintenance of high political visibility and relevance.

In summary, the ultimate goal is an integrated global earth observing system. This could be developed in various ways, perhaps most effectively through a nested set of themes and sub-themes. Broad thematic topics for oceans, atmosphere, land surface and subsurface, human society and outer space could be built up by focused theme reports on priority topics, implemented for a specified period and then subsumed into the broader themes. As coverage becomes more complete the strategic approach could shift to integrating new observational technologies into existing systems, strengthening support for earth observations, and addressing new and emerging issues requiring observations for their management.

If and when the IGOS partners agree to a strategic framework and criteria for themes, the key points should be incorporated into the Process paper.
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