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Integrated Global Observations of the Land

A proposed theme to the IGOS-Partnership-Version 2
	SUMMARY AND PURPOSE

The proposal was developed on behalf of FAO/GTOS, who were encouraged to develop the Theme after an initial pre-proposal presentation at the IGOS-P bis meeting at Colorado Springs following the last CEOS plenary in November 2003.




ACTION PROPOSED
I. The meeting is invited to review and potentially adopt the proposed IGOS Land theme.

Integrated Global Observations of the Land

A proposed theme to the IGOS-Partnership - Version 2
1 Introduction. 

There is increasing consensus that an integrated approach to observations of the land needs to be included within the Integrated Global Observing Strategy.  Within the Carbon, Water and Geological Hazards themes important aspects of the terrestrial environment have been considered but there are many other vitally important requirements that still need to be met.

Reliable observations of the terrestrial environment are of crucial importance to understanding climate change and its impacts, to sustainable economic development, natural resources management, conservation, biodiversity and a scientific understanding of ecosystems and biogeochemical cycling.  High quality observations of the land are also essential for the development, implementation and monitoring of a number of multilateral environmental agreements, and with mandatory reporting associated with these agreements.  .  

The World Summit on Sustainable Development pointed to the need to "Promote the development and wider use of earth observation technologies, including satellite remote sensing, global mapping and geographic information systems, to collect quality data on environmental impacts, land use and land -use changes.” 

Although vast quantities of observations are collected concerning the land, compared with the atmosphere and oceans there has been much less international coordination and standardization of observations making country-by-country and region-by-region comparisons difficult and hence hindering reliable overall understanding of land processes at a global scale.  An IGOS theme on the land will make substantial improvements to this situation.

On the basis of all these considerations a theme is therefore proposed on Integrated Global Observations of the Land.  One major challenge facing those developing such a theme is the enormous variety of observations of the land that are regularly made.  It is essential therefore that a filtering process be adopted such that only those observations likely to benefit from the IGOS-P theme process are included.  Filters include:

· Observations must be needed at a global scale or 

· Observations needed locally which benefit from global scale observations.  (Although this filter places emphasis on remotely sensed observations, many in situ observations also needed to be collected consistently or at least harmonized to generate globally consistent products

· A case has already been made for observations in the documents of the IGOS-Partners and related sources.  Considerable efforts have already been made to specify land observations at global scales and these must be drawn upon in preparing the theme.  Sources for such requirements will be drawn from the planning documents of GTOS, GCOS, FAO, UNEP, UNESCO, IGBP, WCRP and WMO and reports of international activities they sponsor such as the Millenium Ecosystem Assessment (MA) and GOFC/GOLD.  The WMO data-base of requirements will also form a valuable source in the creation of requirements.

· A particular focus of this theme is that the observations contribute directly or indirectly to spatially explicit disaggregated data products rather than to country or sub-country units characterizations.

The main components of IGOL are grouped under six headings:  1) land cover and land use; 2) human settlement and population; 3) managed ecosystem; 4) natural ecosystems and conservation, 5) soils, 6) biogeochemical cycles.  These have been chosen because they relate to the needs of distinctive groups of stake-holders. They are clearly closely related and the integrated observation for all seven will lead to considerable synergistic benefits.  We have included elevation data sets (in 3.7) for the sake of completion, though very much improved ones are currently becoming available.

A major challenge for observing the land surface is the considerable spatial heterogeneity of many phenomena.  This means that many properties require fine resolution observing capabilities that present data handling and computational challenges in the creation of useful products.  Our emphasis in this proposal is to concentrate on data products and the information products derived from them.  It will also be necessary to outline deficiencies and requirements for data management, dissemination and archiving.

2   Stake-holders

Improved observations of the types described in the next section will benefit many stake-holders.  At an international level improved information will help organizations such as FAO, UNEP and WMO carry out improved scientific assessments and this in turn will help national governments make improved policy decisions.  It will directly help international intergovernmental actions, such as the G8 sustainable forest management programs.  The scientific community also is often limited in executing its research programs by the insufficient quality of terrestrial observations.  

In many parts of the world especially in developing countries reliable information underpinning sustainable development is often inadequate to guide investments and land management.  Operational environmental agencies in many countries could benefit from real-time information on terrestrial observations, most notably with respect to fire.  Other stake-holders include Environmental Conventions’ secretariats, international development and aid agencies and NGOs.   Finally, the general public will be better informed of changes in their immediate and global environments.

3 Objectives
The theme should include consideration of the following important sub-themes or topics.  Given the scope of the work it may be that as for other themes the work is phased in terms of our readiness to carry out the work.  Without definitively making a decision on this topic it would seem that rapid progress could be made on the first four sub-themes and the seventh.
3.1 Land cover and land use

Land cover and land use are central to the land theme.  Land cover has major impacts on sustainable land use, biodiversity, conservation, biogeochemical cycles, as well as for land-atmosphere interactions affecting climate and as an indicator of climate change, especially regional climate change.  Therefore fundamental to IGOL is consistent observations for the characterization, monitoring and understanding of land cover and its socio-economic and biophysical drivers.  Specification of requirements for some land cover observations has already been included in the carbon theme, but these may be insufficient for all requirements.  The global provision of both medium resolution (250m-1km resolution) products on an annual basis (Loveland et al. 1998) and fine resolution products (25-50m) every five years (Skole et al. 1998) will provide a valuable basic source of information for all the following sub-themes.  Parenthetically we note the absence of any long-term operational plans for a remote sensing mission satisfying the latter requirements with a sufficient acquisition strategy to ensure global coverage.  

One of the most important agents of land cover change globally is fire (Ahern et al. 2001).  Several global products have been created and there is a high priority for operational validation schemes to assess their quality and those of future products.  Considerable advances have been made in recent years in the development of improved remote sensing technology for monitoring fire (Justice and Korontzi 2001) and it is important to ensure continuity of the improved products derived from them.  Additional efforts are needed to incorporate data from geostationery satellites to provide information on diurnal variability.

A crucial deficiency currently is the absence of internationally agreed protocols for definition of the products, observations, validation of land cover and land cover change products.  The latter will require regular collection of in situ data.  Long term in situ data collection may well be also needed to monitor such phenomena as vegetation migration.  The burgeoning International Long Term Ecological Network (ILTER) could form a first step for in situ observations requiring sustained observations (http://www.ilternet.edu/).  

Near real-time systems of terrestrial phenomena suitable for operational use have become increasingly important during the last few years especially with respect to fire.  Other operational agencies have needs, which might be satisfied by the provision of similar products of observations of land cover change, net primary productivity and early warnings of crop and pasture failures.

Monitoring land use is fundamental to sustainable development as well as to many key components of biogeochemical cycles.  The importance of regular tilling, the difference between C3 and C4 crops and extent of rice cultivation are but three major components of agricultural land use that strongly impact biogeochemical cycles. The extent of irrigated land, and its impact on water consumption are also a growing need; rough estimates are that between 75 and 80% of freshwater use is devoted to irrigation.  We have much less reliable information on land use and a sustained effort will be required to provide reliable information on even relatively simple classes.  We note the recent progress in the creation of very coarse resolution maps of crop distribution through the integration of land cover products and agricultural statistics (Leff et al. 2004).  

The importance of land use is recognized in the new IGBP/IHDP Global Land Project.  “Development of a freely available and continually updated spatially and temporally explicit database of land dynamics which reflects the frequency and intensity of extreme events, other disturbances, and land use changes, will be needed to better evaluate current land conditions and project future land system changes” (Ojima and Moran 2003), p.63).
	Observation
	Resolution
	Frequency
	Availability of Operational Observational System
	Operational commitment to generate product

	Land cover
	250-1km
	Yearly
	e.g., NPOESS-VIIRS
	Basic by NOAA

	Land cover
	20-50m
	5 yearly
	Capability demonstrated by Landsat SPOT and IRS, but no long term operational commitment 
	None

	Land cover change
	20-50m
	5 yearly
	See land cover
	None

	Land Use
	50m
	5 yearly
	Not yet fully developed
	Provisional by FAO


3.2 Human settlement and population

The increasing population of the Earth and its regional variation are central to meeting the challenges of sustainable development.  Information on population is often extremely unreliable in developing countries.  One notable issue is the increasingly important process of urbanization especially the growth of megacities in developing countries (http://www.un.org/esa/population/publications/wup2003/2003WUP.htm), which are placing increasing stresses on physical resources and infrastructure.  Currently there are population data-bases available only at 2.5 and 1 degree cell sizes for the world available through CIESEN and the Oakridge National Laboratory.  

The integration of so-called “city lights” data with conventional census data shows considerable promise for improving the quality of population data sets Information is needed for  both population and on urban extent (i.e. the extent of dense urban settlement), because of their differing impacts (Elvidge et al. 1997).  Reliable, spatially explicit settlement and population databases are also a fundamental part of humanitarian aid program planning and dealing with specific problems such as refugee movements and post conflict or natural disaster reconstruction programs

Information on the evolution of road networks and other forms of transportation is often a key precursor to land cover change and habitat loss.  Integral to this issue and in understanding the future impact of humans on the environment is reliable information of the changing demography of the planet both in terms of current conditions and future population distributions.

3.3 Managed ecosystems

Ecosystems, in their own right, need to be monitored and understood.  Managed ecosystems need to be viewed from the perspective of their roles in agriculture, pasture and forestry and especially in terms pf their role in sustainable development and food security especially with respect to the developing world.  As with the carbon cycle consideration of NPP is important but this time from perspective of basic, food, fire and fuel output.  Apart from needing land use data sets one of the main challenges in understanding the functioning of these ecosystems is the incorporation of local socio-economic data, sometimes collected right down to the household level.  Internationally accepted procedures for data integration and up-scaling is needed along with much more open exchange and collation of such data.  

For forests there is a need to distinguish between different forest types including the distinction between natural and planted forests as well as many other related variables (El-Lakany 2003).  Reliable information on population, fragmentation and biodiversity are recognized priorities (FAO 2002).  Efforts in this sub-theme need to take account of the requirements of the developing Global Land project and the proposed Global Environmental Change and Food Systems activity (GECAFS 2002).

3.4 Natural ecosystems

Natural ecosystems are under increasing threat from the world’s burgeoning human population and other factors such as climate change (Vitousek et al. 1997).  Not only do they have inherent value from perspectives such as those of biodiversity and the aesthetic, but they also provide many critical goods and services upon which human societies depend.  Hence we need observations to monitor natural ecosystems to further our understanding of their relevance to a multiplicity of Earth systems, to provide a basis for improved understanding of changes in their biodiversity and to provide information to assist the conservation of their ecological goods and services (Reid 2000). 

 One key set of observations related to the regular sustained provision of improved information on the state of protected areas and also changes both within areas immediately adjacent to them.  Shifts in natural ecosystem boundaries can also be reliable indicators of climate change, e.g., the changes in the parts of the globe with permanent snow and ice, or the northern migration of the tree line.

The availability of reliable information on ecosystems is spatially very variable with relatively poor data being available for many developing countries for topics such as ecosystems, biodiversity and fuelwood (MA 2003).  Diversitas has also recognized the importance of acquiring improved information on biodiversity and the need to understand how human activities are affecting it through the International Biodiversity Observation Year in 2001 (Wall et al 2001).  

Remote sensing data is of considerable value in providing spatially comprehensive multi-temporal information. In situ data collection is much less well organized, but we note recent progress in creating a global synthesis of LAI measurements (Asner et al. 2003) and the burgeoning international long term ecological research network (ILTER) (www.ilternet.edu/). 

3.5 Soils

Soils represent the crucial interface between the solid earth and the atmosphere and significantly affect the ability of the Earth to sustain its use by humans and its ability to sustain ecosystems and hence it is important to observe and monitor them.  This capacity of global soils is declining rapidly due to erosion, mass movements, landslides, wildland fires and flooding. Reliable observations are essential to ensure the protection of the world’s soils by appropriate land use and vegetation management in order to sustain the stability and functioning of the global system.  Many essential requirements for pedological observations have already been proposed in the Water and Carbon themes, but there are several others needed to provide a sufficient characterization and monitoring of soils’ most important characteristics. 

The primary global soils classification product is the Digital Soil Map of the World (DSMW) (FAO 1995).  Current plans for improving DSMW through SOTER (Soil and Terrain Resources) guidelines will result in a 1:1M scale dataset (FAO 1995).  Focusing on interoperability with other land products and current regional analyses using SOTER-based data sets indicate a need for a global soils product at 200 or 250 meter resolution (Herrmann et al. 2002) as an ultimate goal. Most critically, the DSMW classifications should be updated and validated through international consensus.  

SOTER procedures are generally accepted, but priorities are not fully coordinated among the various international soil groups, land surveys  validation has dropped off and funding has not been forthcoming (Nachtergaele 2002).  The SOTER processes for development of soils data bases are supported by FAO, ISRIC and IUSS and need to be better developed.  Efforts in relation to soil degradation should be carried out within the framework of the UNEP/FAO/ISRIC activity known as GLASOD (Global Assessment Of Soil Degradation).

3.6 Biogeochemical cycles

An understanding of ecosystems has to include observations of nutrients, water and energy fluxes and the integral role of the biota themselves (Vitousek et al. 1997).  Observations are needed to improve our understanding of several biogeochemical cycles of elements such as N, P, K and S.  Although the Carbon theme on carbon will already make significant contributions to this topic, many other observations specific to other biogeochemical cycles will be required in any genuinely comprehensive global observing system.  It is proposed to phase this component later. 

3.7 Elevation

Human settlement, biodiversity, agriculture and ecosystems are all affected by properties of elevation such as altitude, erosion, and terrain heterogeneity.  Knowledge of topography provides an essential input in determining why and where land processes occur, therefore it is important to include accurate elevation as an essential requirement of the Land theme.   

Until recently only coarse resolution elevation datasets, including GTOPO30 and GLOBE, have been available and then only at 1km resolutions.  The release of the Shuttle Radar Topography Mission (SRTM) data set includes 90 meter resolution digital elevation measurements for the majority of Earth’s land surface apart from Antarctica and the extreme northern latitudes and as such represents an enormous improvement in data quality for many areas of the world (USGS 2003).  However locally continuing efforts are needed to make corrections before it is fully adequate throughout the globe.  These data can be used to produce a 30 meter resolution product but this has only been openly available at this resolution for the US.  General global availability at 30m would likely be of considerable value to numerous types of stake-holders throughout the world.  

4 Roles and Responsibilities.

UNEP, FAO, WMO and UNESCO provide the principal international coordination mechanisms for specifying requirements for land and in establishing protocols and standards for collection of observations.  The Global Terrestrial Observing System has prime responsibility of the global observing systems for international coordination though significant components of GCOS and GOOS (for coasts) also have responsibilities.

Currently international coordination of scientific activities relating to the land falls under IGBP and IHDP especially in terms of the proposed Global Land Project (http://www.glp.colostate.edu/plan.htm).  Additionally WCRP has requirements especially through its GEWEX activity.  There is also the Global Environmental Change and Food Systems activity jointly sponsored by IHDP, IGBP and WCRP (GECAFS 2002).

The space agencies are responsible for the provision of the remotely sensed data and in some cases for high-level products such as net primary productivity and land cover products at moderate resolutions, and some have taken responsibility for validation programmes for some products.  For fine resolution land cover and land cover change products no space agency (or international body for that matter) is known to have plans to create such products.  However CNES, CSA, ESA, ISRO, JAXA, NASA, NOAA and USGS have long histories of involvement in land and land cover monitoring work.  

Some remotely sensed data are provided at no cost to the user, but the cost of other  data may act as a considerable barrier to their use.  This issue will require consideration by IGOL.  Especially for validation sample very high resolution data are needed (<5m), where the primary source currently is from commercial sources.

For the land very large quantities of in situ data are regularly collected but assembling the disparate data sets into regional and globally consistent ones is hampered by the lack of well developed international coordination mechanisms as is found for the oceans and atmospheres.  IGOL should identify those situations where this deficiency has a major impact on the quality of observations and make appropriate recommendations for improvements through international coordination mechanisms.

5 Milestones

The first key milestones will be the agreement in September of the scope of IGOL.  This will be as much concerned with what is not included as what will be.  

The next milestone will be in January 2004 when the first preliminary statement will be made of needed enhancements. 

In July 2005 the first draft of the plan will be completed and in December 2005 the final report will be submitted. 

A detailed work plan is given in section 6.  

6 Work Plan.  

	Late May 2004
	Assume acceptance at May IGOS-P Meeting

	June – July 2004
	Revise proposal as needed following guidance at IGOS-P meeting.  Seek input more widely from partners.  Generate revised draft and circulate to Team members

	Late Aug/beginning of September 2004
	Initial meeting of Team. Scope each of the main bullets targeting the highest priority observations. Decide if sub-teams and extra expertise needed.  Sub-Teams likely would be virtual with no face-to-face meetings.

	Sep-November 2004
	Comprehensive assessment of official existing requirements by area. Draft statement of requirements  

	January 2005
	2nd Theme Team Meeting to assess balance between requirements and capabilities. Outline needed enhancements.

	February to April 2005
	Prepare first draft of enhancements required (3 months)

	May 2005
	Writing group meets to decide on final report outline

	May to July 2005
	Prepare first draft of report (3months).

	August 2005
	Internal review by Theme Team 

	September 2005
	Final meeting of Theme Team to finalize report

	October 2005
	Seek external review

	November 2005
	Prepare final document (1 month).

	December 2005 
	Submit Theme Team Report.


7 Evaluation criteria.  

These criteria will be developed fully once the final scope of the IGOL activity is defined.  The following broad criteria will be used:

1.  Identification of the specific contributions to the programs of IGOS-P partners if the recommendations are adopted.

2.  Specific recommendations for improvements in space-borne observations (including improved continuity).  Better understanding by CEOS members of land requirements that can be satisfied with improved space-based observations.  

3.  Improved international coordination for the assembly and exchange of terrestrial in situ observations.

8 Resources

The principal basis of resourcing the Theme should be that each partner contributes to the costs of their participation in the work.  If participation on the Theme Team is believed to benefit from participation by members who are not employees of any of the partners, such as those from universities or NGOs, then the Partners will agree on how those costs will be defrayed between them.  Funds will need to be found for printing the final report.  Some logistical and technical support will be needed to underpin the work of the Team.  It is recommended that resources are found to support a 50% FTE for 18 months for this purpose.

9 Interactions with other existing themes.  

For those aspects of terrestrial observations that have already been considered in other themes such as Water, Carbon, Hazards and Coastal (including corals), it will be important to avoid any duplication of effort.  The proposal for a Cryosphere theme is also noted and hence observations relevant to this topic have been excluded.  However it may be necessary to include additional requirements with respect to certain categories.  For example the requirements for land cover specified by the carbon theme may or may not include the requirements specified in section 1 above.

10 Team leadership and membership.

Provisionally the following people have been identified as Theme Team members.  Other members of IGOS-P have indicated their interest but have not yet identified a potential Team member.  It is desirable that a second co-chair be identified preferably from an agency whose main role is the supply of observations.

	J. R. Townshend (GOFC/GOLD, GTOS) 
	Dennis Ojima (IGBP) 

	Alan Belward (GCOS)
	Christiana Schmullius (GOFC/GOLD)

	Jeff Tschirley (FAO), 
	Olivier Arino (ESA)

	Chris Justice (GOFC/GOLD)
	Tony Janetos (Heinz Center)

	John Latham (GTOS)
	Timo Maukonen (UNEP)

	Roberta Balstad Miller (CIESEN)
	Jay Feuquay (USGS)

	Prof. Jiyuan LIU (CAS)
	


11 Responsibilities of Potential Team Members.

	J. R. Townshend (GOFC/GOLD, GTOS) 
	(Provisional chair)

	Dennis Ojima (IGBP) 
	Science land requirements

	Alan Belward (GCOS)
	Global and regional data set production

	Christiana Schmullius (GOFC/GOLD)
	Land cover and land cover change

	Jeff Tschirley (FAO), 
	In situ coordination

	Olivier Arino (ESA)
	Remote Sensing

	Chris Justice (GOFC/GOLD)
	Fire

	Tony Janetos (Heinz Center)
	Conservation

	John Latham (GTOS)
	LCCS

	Timo Maukonen (UNEP)
	Early warning and assessment

	Roberta Balstad Miller (CIESEN)
	Socio-economic variables

	Jay Feuquay (USGS)
	Land remote sensing

	Jiyuan LIU (CAS)
	Land cover and land use mapping
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