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PREFACE

The Integrated Global Observing Strategy (IGOS) is a strategic planning process initiated by a partnership of international 
organizations that are concerned with the observational component of global environmental change issues. It links research, 
long-term monitoring and operational programmes, bringing together the producers of global observations and the users 
that require them to identify products needed, gaps in observations, and mechanisms to respond to the needs of the science 
and policy communities. Its principal objectives are to address how well user requirements are being satisfied by the existing 
observation systems, and how they could be met more effectively in the future through better integration and optimisation of 
satellite, airborne, and in-situ observation systems.

The IGOS partners are comprised of the Global Observing Systems (GOS), the International Organizations that sponsor the 
Global Observing Systems, the Committee on Earth Observation Satellites (CEOS), and International Global Change Science and 
Research programmes.

The IGOS Partners recognise that a comprehensive global earth observing system is best achieved through a stepwise 
process focused on practical results. The IGOS Themes allow for the definition and development of a global strategy for the 

observation of selected environmental issues that are of common interest to the IGOS Partners and to user groups. IGOS currently 
has the following themes: Atmospheric Chemistry, Carbon Cycle, Coastal zone and Coral Reef Sub-theme, Cryosphere, 
Geohazards, Land, Ocean, the Water Cycle.

The IGOS Land Theme was initially proposed in November 2003 on the recognition that IGOS-P had not yet considered 
many observational needs relating to many aspects of the land, such as sustainable economic development, natural resources 
management, conservation and biodiversity. The theme was approved by the IGOS Partners at their 11th Plenary in Rome, 
Italy, in May 2004 and a Theme Team was formed. The development of the theme was achieved with the support of the 
Cooperazione Italiana (Government of Italy);European Space Agency (ESA); the Food and Agriculture Organization of the 
United Nations (FAO); the Global Terrestrial Observing System (GTOS); the National Remote Sensing Center of China (Ministry 
of Science and Technology); the United Nations Environment Programme (UNEP); and the United States Geological Survey 
(USGS). The final draft report was submitted and approved by the IGOS Partnership in November 2007.

Barbara Ryan								        Walter Erdelen
USGS									         UNESCO
IGOS-P co-chair						                      	 IGOS-P co-chair

Further information on IGOS can be obtained from: www.igospartners.org

The Land Theme report is available from: www.fao.org/gtos/igol

Inquiries to the IGOS Land theme can be sent to: gtos@fao.org
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EXECUTIVE SUMMARY

Successful, sustainable use of natural resources will be crucially dependent on the continuous assessment 
and monitoring of the status of land resources, how those resources are being used, and the impacts of 
resource use on future resource availability.

This report outlines the observational requirements for a large range of uses including agriculture, 
forestry, land degradation, ecosystem goods and services, biodiversity and conservation, human health, 
water resource management, disasters, energy, urbanization and sustainable human settlement (section 
2). Important aspects of land observations, such as those relating to climate change, have appeared in 
other IGOS-P reports and these are not duplicated in this report.

To satisfy these needs there is considerable overlap in the types of observations needed by different 
users (section 3) and hence assessment of the needs for enhanced observations is discussed under types 
of observations (section 4).

Recommendations are limited to observations that are needed at a global scale or observations are 
needed locally that benefit from global-scale observations, that have been articulated by the IGOS 
Partners, that are spatially explicit disaggregated data products rather than to country or sub-country units 
and where there is a realistic chance of any recommendations being implemented within the next 10 years.

Section 4 shows that significant effort will be needed both to maintain current remote sensing capabilities 
and to provide many needed enhancements to meet user requirements. Some capabilities in the immediate 
future will likely be inferior to current ones. Land cover products are recognized as having a central role 
for all applications. Enhancement of several global socio-economic data sets is urgently needed. Many 
crucial products remain inadequate because of their reliance on inadequate in situ observations. Improved 
integration of in situ and remote sensing observations would be of great benefit notably for agricultural 
and forestry applications.

A significance of a series of integrative issues including validation and quality assessment data fusion 
for analysis and modeling and data assimilation are highlighted (section 5). The need to improve the 
delivery of data and information products is highlighted in section 6: one of the most important barriers 
to overcome is restrictive data policies. The vital needs for capacity building are discussed in section 7.  
In sections 8 and 9 the relation of the recommendations to other IGOS-P reports and to the burgeoning 
Global Earth Observing System of Systems. The latter will be crucial for success in the implementation of 
IGOL. Many of IGOL’s recommendations are already being tackled by GEO. Finally in chapter 10 a sum-
mary of recommendations is provided.
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INTRODUCTION

The ecological footprint of mankind 
continues to grow: every minute, we lose 
14 ha of forest cover (FAO, 2006); every 
hour, an average of three species disappear 
from Earth (UNEP, 2005); in 100 years, 
the global mean surface temperature has 
increased by 0.6°C (IPCC, 2001); and 
human use of primary production has 
grown to more than half of total global 
production. The world’s population—
currently over 6.5 billion—is still rapidly 
growing, particularly in the least 
developed countries. The latest population 
growth projection by the United Nations 
estimates a further 40% increase in 
population over the next 50 years, a 
growth equivalent to the world’s total 
population in 1950 (UN, 2004). Over the 
last five years, an average of some 34 
countries were affected by food 
emergencies every year; 16 million people 

in Eastern Africa (with over half in Ethiopia) faced severe food shortage (FAO/GIEWS, 2005) in 2000 alone. Over 
the next 50 years, increased population and improved living standards are expected to prompt major increases in 
global food demand (von Braun et al., 2006). 

Since there is only modest room for further expansion of arable land area, and fresh water supplies per capita 
are diminishing, future increases in food production to satisfy the growing demand will have to be driven by 
intensification of land use. The 2000 United Nations Millennium Development Goals (MDG) explicitly recognize 
that “sustaining our future” - development that meets the needs of the present without compromising the ability 
of future generations to meet their own needs - is a pillar upon which successful development efforts must be built. 

Changes in our environment are likely to influence the quality of life not just by affecting demand for and 
supply of agricultural products, but also by altering controls on water availability; energy supply; ecosystem 
states and fluxes; human health; biodiversity; and our susceptibility to disasters. At the present rate of tropical 
deforestation, most of the world’s rain forests might conceivably vanish within 100 years, with concomitant 
effects on global climate and terrestrial biodiversity. 

Successful, sustainable use of natural resources will be crucially dependent on the continuous assessment and 
monitoring of the status of land resources, how those resources are being used, and the impacts of resource use 
on future resource availability.

Vast quantities of land observations are collected, and often used for environmental decision-making, but lack 
of international coordination and standardization of observations makes country-by-country and region-by-region 
comparisons difficult, hindering reliable overall understanding of land processes at a global scale. In other cases, 
good observations are scant and decisions are based on expert estimates, or information extrapolated from 
spatially incomplete data. As a consequence, our capability to identify, assess and solve environmental problems 
is still limited by our observational capacity, even though several international conventions and programmes 
explicitly require such information. 
This Integrated Global Observation of Land (IGOL) report provides a roadmap leading from land information 
requirements derived from the Group on Earth Observations’ societal benefit areas, to data from satellite-based 
Earth observation systems, data from in situ observations and their integration to form into useful information 
products. an equally important function of this report is to serve as a mechanism by which feedback from 
agricultural, forestry and environmental decision-makers is transmitted to operators of earth observation satellites 
regarding the characteristics of satellite-based data best suited to applied observational needs.

One major challenge in developing the theme is the enormous variety of observations of the land that are 
regularly made. Therefore a filtering process has been adopted such that only those observations likely to benefit 
from working within the framework of the IGOS Partnership are included. The criteria which have been applied are:

Observations must be needed at a global scale or observations are needed locally that �� benefit from 
global-scale observations.
A case had 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 from reports of 
international activities they sponsor, such as the Millennium Ecosystem Assessment (MA) and GOFC-GOLD. 
Recommendations for change fall within the remit of IGOS Partners.Observations contribute directly or ��
indirectly to spatially explicit disaggregated data products rather than to country or subcountry units. 
There is a realistic chance of any recommendations being implemented within the next 10 years.��

The report has tried to distinguish carefully between the needs for improved observations and the products and 
observations required to satisfy those needs. Hence we discuss in Section 2 the various types of needs under the 
societal benefit areas adopted by the Group on Earth Observations. In Section 3, the various types of stakehol-
ders requiring information are outlined, followed in Section 4 by the relationship of IGOL to other themes agreed 
to by the IGOS Partnership. In Section 5, a number of integration issues are dealt with, including validation, data 
fusion and assimilation In Section 6 there is a consideration of data and information issues, and capacity building 
is discussed in Section 7. A strategy for implementation is provided in Section 9.
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THE NEED FOR IGOL

2.1  Agriculture
Matching food production with the needs of 
an increasing population, while protecting 
land and water resources, is a growing 
challenge for agriculture. Sound knowledge 
of the areas under major agricultural 
crops at country level is indispensable to 
support major policy decisions concerning 
sustainable development planning and 
food security. Accurate information on the 
area of land used for different types of 
agriculture, combined with forecasts 
concerning yields, helps policy-makers and 
planners provide farmers in developed 
and developing nations with the potential 
for a reasonable standard of living and 
consumers with secure and safe food 
supplies at fair prices, whilst protecting our 
environment by avoiding overexploitation 
of soil and water resources or avoiding 
unnecessary conversions of natural 
ecosystems to agriculture. 

Observations are needed in support of four different aspects of agricultural monitoring: the collection of 
agricultural statistics at the national and sub-national level; the monitoring of major food crops and crop production; 
the forecasting or early warning of harvest shortfalls, for example due to drought, pests or excessive rain; and for 
long-term monitoring of changes in the extent and productivity of agricultural lands, and thus their sustainability. 
For official development aid planning purposes, two additional elements of information are needed: land tenure 
and ownership maps; and land availability and suitability maps. Long-term monitoring of trends in production 
and distribution can contribute to questions concerning agricultural sustainability. Information derived from Earth 
observations can help reduce risk and increase productivity and efficiency at a range of scales from global to the 
farm unit level. The primary goal of agricultural monitoring systems is to provide information to support decision-
making, leading to improved agricultural management and production and food security.

Food security early warning systems, such as the FAO Food Security Global Information and Early Warning 
System (GIEWS) and the USAID Famine Early Warning System (FEWS), enable early identification of developing 
countries likely to be affected by large-scale failures of food crops. Monitoring the growing conditions of selected 
food crops in major crop producing countries facilitates accurate forecasting of agricultural product supplies. 

2.2  Forestry
In 1992, the United Nations Conference on Environment and Development (UNCED) focused the world’s 
attention on the alarming state of environmental degradation caused by growing population pressures and 
short-sighted development strategies. The UNCED Action Plan, “Agenda 21”, noted that even the basic information 
on forests, such as the area and type of forests, is not reliable in many countries, and recommended the 
global periodic assessment of forest resources. These concerns have been further emphasized in the Kyoto 
Protocol to the United Nations Framework Convention on Climate Change (UNFCCC).

The provision of reliable and timely information on forest cover and its changes by use of remote sensing 
from Earth observation satellites can support sustainable forest management and policy, and can strengthen 
environmental protection. Spatially explicit information on forest change helps judge the effectiveness of forest 
protection and conservation projects, helps determine compliance with negotiated terms of commercial timber 
concessions (including issues associated with illegal logging and non-timber forest products), will help in the 
collection of national forest cover statistics for use in national resource planning and management, and provide 
significant support for national reporting under many chapters of the greenhouse gas (GHG) inventories called 
for by the UNFCCC (especially those linked to agriculture, grasslands, wetlands and forestry). Such data provides 
a neutral basis for the verification of carbon trading linked to afforestation, reforestation and, eventually, also 
avoided-deforestation projects. Enhanced forest observations using satellite remote sensing can aid in early 
identification of areas with forest cover change, either from natural causes or man-made activities, and can enable 
more accurate forecasting of the trends of such changes anywhere in the world, regardless of their accessibility or 
political circumstances.

2.3  Land degradation
Climate warming, changing rainfall patterns and agricultural intensification (both agrarian and pastoral) in arid, 
semi-arid and subhumid dry zones is resulting in deterioration of soil characteristics, depletion of surface water and 
groundwater resources, reduction of land productivity, loss of biodiversity, soil erosion, food shortages, increased 
poverty and forced migration of populations in affected areas. Observations of the land can map changes to the 
boundaries of degrading areas by monitoring changes to the biophysical characteristics of the surface - such as 
changes in brightness and photosynthetic activity - as well as the location and condition of key resources, such as 
seasonal waterbodies, pastureland, fuelwood and agricultural land. This information is of immediate value to farmers 
and range managers attempting to deal with land degradation whilst maintaining crop production and rangeland 
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productivity. It is also critical information for governments attempting to implement programmes to combat 
desertification in their countries or regions. Systematic global land observations concerning land degradation zones, 
rates and dynamics are clearly needed by the Parties to the United Nations Convention to Combat Desertification 
(UNCCD) to help them in formulating appropriate policy responses. 

2.4  Ecosystem goods and services
Human well-being is directly dependent upon ecosystems for provision of food, water, fibre, fuel and other 
biological products, for regulation of disease and water supply, for pollination and waste treatment, and for 
enriching human existence through recreation and inspiration. Land observations are critical for the sustainable 
management of our ecosystems and the services they provide. Knowledge about the location, amount and 
condition of resource stocks in water surface-storage units and in agricultural, forest and grazing land ecosystems 
are very important for natural resource decision-making. Observations that enable assessment of the propensity 
of ecosystems to continue to provide services are at least as important. Fundamental to monitoring changes in 
ecosystem services are such prime variables such as land cover change, but it is clear that many of the services 
also require intensive sets of in situ observations at sites and in networks that carry out long-term terrestrial 
ecosystem monitoring.

2.5  Biodiversity and conservation
The Millennium Ecosystem Assessment (UNEP, 2005) revealed major declines in biodiversity. Protected 
areas are one of the primary means for preserving biodiversity and natural environments while providing vital 
services and goods that support peoples’ livelihoods. Such areas have important intrinsic values as representative 
of the world’s wilderness and as repositories of outstanding areas of living richness (IUCN-WCPA and UNEP-
WCMC, 2003). Much progress has been made in establishing protected areas across the globe, so that they 
currently cover 12% of the Earth’s surface. Despite the seemingly large proportion of the Earth’s surface 
designated as protected areas, there are great concerns about the adequacy of existing measures for maintaining 
these critical ecosystems (Dudley et al., 1999). Some protected areas may just be “paper” parks because they are not 
suitably demarcated. Others may not be effectively protected due to lack of adequate financial support or legal power 
(Terborgh and van Schaik, 2002). Among the major threats are poaching, hunting, logging, urbanization, agriculture, 
mining and road construction (Dugelby and Libby, 1998; Terborgh and van Schaik 2002). Effective and timely 
monitoring of changes in the land cover within and along the borders of designated protected areas is thus needed to 
judge their effectiveness in protecting and conserving the regions as planned. Reliable global land observations tuned 
to biodiversity indicators will be of considerable value to the Parties to the UN Convention on Biological Diversity (CBD) 
in helping them develop, implement and reach the Convention’s goals. 

2.6  Human health
Human health is decidedly influenced by the terrestrial environment through any failure to supply adequate food, 
shortage of potable water, and by its impact on diseases and their transmission. Disease transmission is often 
controlled by vectors like rodents and mosquitoes, whose distribution, in turn, is influenced by land variables. Disease 
vectors are often most common in transition zones between vegetation types, such as between forest and gras-
sland, or within riparian formations, and increased patchiness of the landscape in many cases favours disease-
vector pests. Land cover and land use observations are thus important for targeting disease treatments and also 
for optimizing efforts to eradicate disease vectors. 

2.7  Water resource management
The volume of water in surface-storage units (permanent and ephemeral lakes, reservoirs, rivers and wetlands) is 
determined by atmospheric (precipitation, evaporation-energy) and hydrologic conditions (surface-water recharge, 
discharge and groundwater tables) and critically by water use by humans. The availability of fresh water plays 
a crucial role in food production and food security, and therefore all too often human security, as it is already a 
documented source of conflict. Water resources control grazing patterns and crop irrigation. Irrigated land covers 
about 20% of the cropland, but contributes about 40% of total food production (Eliasson et al., 2005). Irrigated 
agriculture accounts for about 70% of all fresh water consumption worldwide, and more than 80% in developing 
countries. In many parts of the world, lakes and rivers are key parts of national and transboundary transport and 
communications infrastructure, as well as providing a key source of food through fishing and aquaculture. In order 
to obtain improved quantitative and qualitative information on irrigated land and available water resources, data on 
their spatial distribution  and change over time are essential. Information on changes in the level, area and even 
location of water surface-storage units will be of direct use in both short- and long-term planning; planning not only 
for agriculture and aquaculture production, but also for security, for human and animal migrations and for long-
term climate change adaptation strategies. 
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2.8  Disasters
The need for observations to support the ability to forecast and mitigate disasters has been considered extensively in 
the reports of the Geohazards, Water Cycle, and Coastal Themes. In addition, it is noted the increasing importance of 
wildland fires, especially those near the urban interface. In addition to up-to-date weather observations, observations 
of vegetation condition and fuel loading, sediment discharges, stream flow and topography would enhance the ability to 
forecast and manage wildland fires. Land use, land cover and water use also influence land subsidence and landslide 
potential. Better information about land use and land cover in relationship to topography could help identify potential 
disaster areas. Land cover is also a critical factor in determining flood risk within major river systems, and up-to-date 
information on land cover can play an important part in immediate assessments of relief requirements in the 
aftermath of major events, such as the 2004 Indian Ocean tsunami.

2.9  Energy
Bio-energy from fuelwood, crop residues, biofuel crops, etc., has long been crucial and is increasingly being relied 
upon as a renewable energy resource. Land observations are necessary for assessment of biofuel production and 
production expansion, and for environmentally sustainable production of biofuels. Efficient siting and impact 
assessments for wind-power and hydropower generation also rely upon land observations. Oil and gas exploration and 
extraction, refining and transport also rely upon accurate information about land cover and use, soils and topography. 

2.10  Urbanization: sustainable human settlement
This societal benefit area is not included within the GEO plan but represents a vital area of societal benefit, 
since urban areas are increasingly where the human population resides: according to UN predictions, by 2030, 
60% of the world’s population will live in cities (UNCHS, 2001). Although urban areas occupy only about 3% of 
the Earth’s surface, their impact on surrounding rural areas is also rapidly increasing. Urbanization not only 
concentrates people (and therefore concentrates demand for all the social and economic services they require), 
it also creates hot spots for energy consumption, for natural resource consumption and for emissions of pollutants 
and greenhouse gases, as well as acting as nodes linking communications and transport infrastructure–themselves 
all too often a source of pressure on the surrounding environment. 

2.11  Climate Change
Climate determines the distribution of natural vegetation, so changes in vegetation provide a  way to monitor 
climate change. Land cover changes also occur because of changes in land management practices and land use 
(e.g. agricultural intensification or forest clearance for cropland). Changes in land cover force climate by modifying 
water and energy exchanges with the atmosphere, and by changing greenhouse gas and aerosol sources and sinks. 
Global land observations are used in climate, carbon and ecosystem models that provide predictions and scenarios for 
use by the Parties negotiating development of the UNFCCC, and reporting of observations of land variables have to 
be made by Parties to this convention in order to document their own overall contribution to changes in the Earth’s 
atmospheric constituents, including greenhouse gas concentrations. Many of the key terrestrial requirements have 
already been discussed in the Carbon Theme (Ciais et al., 2006) and in the GCOS plans for Essential Climate 
Variables (GCOS, 2006), and hence this document will not duplicate discussion of those requirements.
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STAKEHOLDERS FOR GLOBAL LAND OBSERVATION

Stakeholders across the eleven key 
domains identified in Section 2, where 
global land observations are needed, can 
be grouped into six broad categories:

national, regional or local ��
         governments who need the 

information to assist in the ��
         development and implementation                    
         of their policies concerning each of  
         the domains who need the infor
         mation to help them meet manda 
         tory reporting requirements resul
         ting from such policies;

international initiatives helping ��
countries �� develop and fund program
mes linked to all eleven domains, who ��
need the information for the develop��
ment of their policies and operational ��
strategies and to direct the utilization ��
of their resources; ��

 non-governmental organizations �� (NGOs), who are either lobbying for particular policy directions or      
 who are directly acting in the various domains;��
scientists and research teams, who need the information to improve understanding of the processes and ��
reduce uncertainties associated with each of the domains;
the individual citizen, who should be able to access understandable, reliable information on global environmental ��
trends; and
the private sector, which requires the information, or generates the information, to help them either ��
partner or directly service the previous five categories.

3.1  Governmental stakeholders
Government, whether at regional, national or local level, is key to the policy-driven use of global land observations, 
since governmental departments set the policy agenda. They programme funding cycles to advance these policy 
agendas and identify and implement specific projects associated with them. They also usually monitor the progress of 
such projects and often perform some level of post-project evaluation. Land observations play a role at all stages, 
with the particular nature of the governmental intervention determining the form this takes, e.g. trends that set a 
particular policy priority; maps of pre-project conditions that help establish base-lines for a project; statistics 
documenting rates of change during the lifetime of the project; through to reports and environmental profiles, 
which confirm that the project’s goals have been met.As part of the policy-setting agenda, governments have 
also generated a second stakeholder role for themselves, namely that of having to generate land observation 
information as a result of their own policy agendas. For example, almost all countries of the world established 
and signed the UNFCCC at the Rio Summit in 1992, with the policy objective of reducing global warming and 
coping with whatever temperature increases are inevitable. As a direct result, these same governments are now 
obliged to report various items of information related to land observations to the UNFCCC Secretariat. The 
UNFCCC is only one of many such Multilateral Environmental Agreements generating reporting obligations. 

Governments are also a key stakeholder, as it is government-funded agencies (Space Agencies, Environmental 
Protection Agencies, Hydrology Services and the like) that provide much of the nascent capacity for global land 
observations—capacity from Earth observing satellites and in situ measurements alike.

3.2  International initiatives
Key international stakeholders include organizations that make up the United Nations System. FAO, UNDP, 
UNEP, UNESCO and WMO, inter alia, facilitat and promote international cooperation in order to promote 
respect for human rights, protect the environment, fight disease and reduce poverty. Their work involves 
setting standards for observations, coordinating observing networks, gathering and collating information, and, 
of course, analysing the results. As well as a source of observations, the UN organizations are a significant user; 
global land observations, whenever available, are already used to help them develop their policy positions and 
their operational strategies, especially helping direct the use of investments for development purposes, such as 
the Global Environment Facility (GEF), UNDP grants and World Bank programmes.

Furthermore, selected UN System organizations, alongside the Intergovernmental Oceanographic Commission 
and International Council for Science, sponsor the Global Climate Observing Systems (GCOS), Global Ocean 
Observing System (GOOS) and Global Terrestrial Observing System (GTOS). These three bodies are also important 
stakeholders as they provide advice on needs, gaps and future developments of observations as required 
by the UN System, the multilateral environmental agreements (UNFCCC, CBD, etc.) and associated scientific 
entities, such as the Intergovernmental Panel on Climate Change (IPCC), and key entities such as the World 
Conservation Union (IUCN). 
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3.3  NGOs
Global NGOs, such as World Resources International, Conservation International, Birdlife International and the 
Rainforest Foundation, and more localized entities are stakeholders that use global land observations to bring 
additional voices to the policy table, and who implement many projects and actions on the ground. Policy 
formulation, project planning, execution and evaluation in the non-governmental world also rely on 
accurate information.

3.4  Science
Global land observations are vital to improved scientific understanding of key biogeochemical cycles, for further 
scientific development of climate (and weather) models, and to establish scientifically based “certainties”, such 
as agreeing on global rates of deforestation, biodiversity loss and rates of desertification. Scientific requirements 
for terrestrial observations have long been articulated, especially at the international level, by the International 
Geosphere-Biosphere Programme (IGBP), the International Human Dimensions Programme (IHDP), Diversitas, 
the World Climate Research Programme (WCRP) and the Global Land Project (GLP) (GLP, 2005). Profound changes 
are occurring in the strategic direction of global environmental research for the next decade, with more emphasis on 
issues of societal concern, more emphasis on regional scales, emphasis not only on climate change but also on many 
other aspects of global change, such as human-induced land cover and land use change, and a scientific focus on 
coupled human-environmental systems. The scientific community also develops innovative new approaches to the 
collection and dissemination of global land observations, and thus, as a stakeholder, the scientific community is 
both a user of global land observations and a vital developer and producer of such observations. 

3.5  General public
The general public has an interest in many aspects of global environmental change and, indeed, political developments 
reflect this. Although regional (European) in scope, the United Nations Economic Commission for Europe Convention 
on Access to Information, Public Participation in Decision-making and Access to Justice in Environmental Matters (The 
Aarhus Convention codifies the citizen’s participation in environmental issues and provides a legal framework for 
access to information on the environment held by public authorities. Through these sorts of “access” initiatives the 
citizen becomes a de facto stakeholder in any global land observing strategy.

3.6  Private sector
The private sector has an established role in implementing government, NGO and internationally funded 
environmental monitoring programmes. Its involvement in everything from satellite manufacture and operation to 
data collection, processing, analysis, education and training. This places firmly the private sector as a stakeholder.

3.7  Engagement of stakeholders
Early involvement of stakeholders and users of land observations is essential for effective development of 
applications of land observations from space. In particular, end users should define their geo-information 
requirements, including the types of information, their levels or scales, timeframe, accuracy and the formats of 
final products. The usual way of engaging the key stakeholders in active participation in the formulation and 
implementation of satellite remote sensing data applications projects and other related initiatives is through their 
membership in the advisory boards established for such initiatives. Their involvement in decision-making process 
will ensure that they understand the benefits to be obtained from the effective application of Earth observation 
technology to sustainable development and management of land and water resources, and become its early users.
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On the basis of the needs articulated in 
Section 2 and the requirements of serving 
the range of stakeholders outlined in 
Section 3, the following main classes of 
observations can be recognized.

Land cover.��
Land use.��
Biophysical properties �� relating to  
ecosystem dynamics.��
Biodiversity.��
Agriculture.��
Forestry.��
Soils.��
Human sett lements and  ��
socio-economic data.��
Water availability and use.��
Topography.��

Note that specific needs of terrestrial 
stakeholders often require multiple 

observations so there is no simple one-to-one match between user requirements, the domains identified 
in Section 2 and sets of observations.

4.1  Land cover
Land cover refers to the observed biophysical characteristics of the Earth’s surface. This definition of land cover 
is fundamental, and land cover should not be confused with land use, as happens in many existing classifications 
and legends. Land cover is not only important in its own right, but is also vital in the estimation of many other 
terrestrial characteristics, such as land use, and properties relating to biodiversity, conservation and many other 
ecosystem services. Land cover information is also important to policy and decision-makers relative to changes 
in land cover areas and conditions associated with key ecosystem services. In addition, land cover information 
provides critical information on hydrological and atmospheric drivers associated with biophysical properties related 
to various land cover types.

4.1.1  Observation needs and technical requirements
There are numerous local, national and even regional land cover products, though most of these are not 
regularly updated. At a global scale, there is no true operational programme, though several research groups 
have created global land cover products. Estimation of land cover change is even less well developed. There is 
therefore a critical requirement to move from research to operational monitoring capabilities for land cover, with 
operational data and product suites that are better defined, flexible and openly available. Related implementation 
requirements include (Townshend and Brady, 2006):

coordinated and consistent land cover data acquisition, both��  from satellite and in situ observations;
polar orbiters that will provide data on the current extent of various land covers, with known and ��
reported validation estimates;
coordination of various international satellite assets for land cover monitoring at both mid ��
(similar to Landsat) and moderate resolution (similar to MODIS);
a focal point for international inquiries for both raw data and derived products through online data and ��
information systems;
standardized mapping and derivation land mapping products;��
harmonization and synergy of existing land cover maps;��
rigorous validation of map products using internationally agreed procedures;��
improved match between data, data products and user needs, i.e. ensure adequacy and advocacy to ��
serve international conventions; 
analysis, understanding and modelling of land change and spatial-temporal change processes, and��
a supportive data policy, especially as it relates to costs and copyright.��

Two main classes of products have been identified (Ahern et al., 1999): those with moderate resolutions of 
250 m–1 km, and those with mid resolutions from 10 to 50 m, sometimes known as Landsat-class observations. 
The former set of observations provides data at resolutions at least adequate for most modelling purposes, 
and they can also be used to flag the location of the most significant areas of land cover change. However, for 
reliable quantitative monitoring of change, the finer set of resolutions are usually needed. There are situations 
where even finer resolutions are needed, for example Kyoto-implementation is based on 0.05 ha units, and urban 
areas require ultra-fine-resolutions of <1 m. However, these are not true global, wall-to-wall, requirements. 
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Table 1. Types of optical sensors in terms of spatial resolution as used in this report. Currently, 
terminology is confused, with some referring to Landsat TM as a medium-resolution instrument, and 
others referring to it as a fine-resolution we have adopted the currently commonly used expression 
mid-resolution. Frequently in the text the precise resolutions within these ranges are specified.

Mid-resolution imagery is sufficient to measure many non-urban changes in land cover, and proposals have 
been made to monitor change with a five-yearly interval (Ahern et al., 1999). However, in some areas of the 
Earth, such as tropical forests, and some temperate ones, such a frequency is inadequate to capture the dynamics 
of anthropogenic change, and more frequent imaging may be needed. Additionally, it should be noted that 
reporting of statistics by most countries is on an annual basis, so a future goal should be annual reporting of land 
cover change globally. Certain phenomena, such as fires (see Section 4.5), and areas, like wetlands, may require 
more frequent or even daily monitoring to fully capture their dynamics. 

4.1.2  Current status
Within the last few years, large volumes of high quality global remotely-sensed data have become available, 
provided by such orbiting instruments as SPOT-Vegetation (CNES, 2000), MODIS (Justice et al., 1998) and MERIS 
(ESA, 2004), leading to land cover products typically presented as a digital thematic map in raster format, with 
pixels in the range of 250–1000 m. Thus far, global land cover maps have been constructed using data from the 
AVHRR for IGBP (Loveland et al., 2000), SPOT-Vegetation for GLC2000 (Bartalev et al., 2003; Bartholome and 
Belward, 2005), MODIS Land Cover since 2000 (Friedl et al., 2002; Hansen et al., 2003), MERIS GLOBCOVER for 
2005–2006 (Arinoet al., 2005b, 2007b). For the forthcoming NPOESS system, land cover products have been 
proposed on a quarterly basis (Townshend and Justice, 2002).

Finer-resolution data are needed for larger-scale products. The most commonly used remote sensing 
observations are those of Landsat and SPOT-HRV. Reduced coverage of the former during the last three years 
has had a serious impact on our ability to map land cover. Regional- and continental-scale efforts exist, such as 
Africover (FAO, 2004), CORINE in Europe (EEA, 1995) and MRLC2001 in the USA (USGS-EDC, 2003), reaching 
scales of 1:25 000. With reference to the Land Use, Land-Use Change and Forestry (LULUCF) Good Practice 
Guidance (IPCC, 2003), the smallest measurable mapping area of 0.05 ha is required, translating to 10-m pixel 
resolution. The main source of ultra-fine-resolution data is from commercial satellites, though with the launch of 
ALOS by JAXA, 2.5-m panchromatic stereoscopic data from the PRISM sensor is becoming more widely available 
for scientific and other users. An important use of such data for land cover mapping is to provide validation data 
for coarser-resolution products.

4.1.3  Current plans 
A long-term commitment of funding from individual countries and agencies is essential to provide continuity and 
consistency for all observation scales. USA systems like MODIS, AVHRR, and the upcoming NPP/NPOESS, along 
with European systems from SPOT-Vegetation, ENVISAT-MERIS, and the upcoming Sentinel 3, provide and will 
provide high quality data for coarse- to moderate-scale land observations. 

Mid-resolution land mapping has widely relied upon sensors like Landsat TM/ETM+ (USA), SPOT-HRV (France), 
ERS 1+2 and ENVISAT-ASAR (ESA) and IRS satellites (India). Future systems will include ALOS-PALSAR (Japan), 
TERRASAR-X and RapidEye (Germany) and other national satellite programmes (e.g. India, Russia, China and 
Korea). However, there are strong concerns about the continuity of long-term mid-resolution land observations. 
Data from the next Landsat may be unavailable for at least four years, and data from ESA’s Sentinel programme 
will take a similar length of time. Currently, there is heavy reliance on the aging Landsat 5, and regular global 
data from this system are not available. 

The Landsat Data Continuity Mission (LDCM) planned by the USA, and the Sentinel series funded by Europe, will 
provide the necessary continuity for Landsat-SPOT type of data beyond 2011. The European Sentinel-2 should 
have a swath of almost 300 km for a systematic acquisition of all land surfaces, with a re-visiting period of 10 
days at a resolution ranging between 10 and 60 m in 12 bands, providing radiometric continuity with previous 
missions, including SPOT-5. For the future, it is recommended that space agencies coordinate their efforts in 
relation to choice of orbit such that mid-resolution optical data are acquired with an increased frequency. 

The European Sentinel-1 should ensure the continuity of SAR data started with ERS-1 in 1992 and currently 
ensured by ERS-2, ENVISAT and RADARSAT-1 in C-band. This continuity will also cover SAR interferometry useful 
for digital elevation model (DEM) building, as well as impervious area determination in urban areas. 

Resolution class Spatial resolution Examples of sensors

Coarse resolution >1 km AVHRR GAC data

Moderate resolution 250 m–1 km AVHRR, MODIS, MERIS, SPOT-Vegetation

Mid resolution 10 m–100 m Landsat TM, ETM+, SPOT-HRV, IRS, CBERS

Ultra-fine resolution <4 m PRISM, Quickbird, IKONOS
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4.1.4  Major gaps and necessary enhancements 
One of the key issues for many types of observations is in ensuring that acquisition strategies are optimized in time 
and space. An example is the Long-term Acquisition Plan (LTAP) of Landsat 7 (Arvidson et al., 2001), which ensured 
for the first time in the 25-year history of this programme that global, seasonal coverage with mid-resolution data 
were collected. The expected interruption of satellite remote sensing from Landsat ETM and SPOT series data will 
have adverse effects on the study of land cover dynamics. The main advantage was the combination of 30-m ground 
resolution with large area image scenes (170x185 km). Most land cover maps at 1:50 000 scale were based on TM/
ETM data. It is therefore recommended to minimize the interruption of mid-resolution-type remote sensing coverage. 
In the medium term, until the new assets described below become available, it is recommended that space 
agencies coordinate mid-resolution acquisitions so that an approximation to the Long-term Acquisition Plan of 
Landsat is duplicated.

Radar sensors have particular value for monitoring land cover in areas with very high cloud amounts: a SAR 
with L-band frequency is particularly suitable for monitoring tropical forests, due to its sensitivity to aboveground 
biomass. One key issue that deserves attention is the coordinated acquisition of data from radar systems and 
optical systems for the purpose of land cover monitoring. It is clear that, because of high levels of cloud cover, 
many areas can only be observed very infrequently using optical data. The location of such areas should be used 
to help define the acquisition strategy for radars so that regular global monitoring of land cover can be achieved.

The main obstacle to the interoperability among existing land cover databases has been the lack of an 
internationally accepted land cover classification system. The Land Cover Classification System - LCCS 
(Di Gregorio and Jansen, 2000; Di Gregorio, 2005), which has been successfully used by several land cover 
projects at global, regional and country levels and adopted by the former LUCC project and the current Global 
Land Project, should be adopted as the classification standard for land cover mapping.

Calibration and validation issues related to fine-scale in situ observations to verify coarser-scale satellite 
mapping remain a challenge. Greater effort is needed to provide coordinated and more standardized information 
of in situ observations. International cooperation is needed to make such data accessible and usable in an international 
context. Strahler et al. (2006) have provided an outline of the procedures needed to validate moderate-resolution 
land cover products.

4.1.5  Product-specific critical issues 
The European initiative Global Monitoring for the Environment and Security (GMES), which is the European 
contribution to GEO, is currently scaling up three services based on institutional requirements that use land cover 
information at a certain stage of the service. These three ESA projects are GMES Service Element (GSE) Land, 
GSE Forest Monitoring, and GSE Flood and Fire. These projects have been running since 2003 and are delivering 
operational services to European users. A fourth GSE project, Global Monitoring for Food and Security (GMFS), 
focuses initially on African countries. In addition, the European Commission is putting in place the first elements 
of a GMES Land fast-track service. In the initial phase, this will concentrate on Europe, generating a new version 
of the CORINE land cover map, which will include a very-high-resolution (1 m) urban layer. This builds on the 
pre-operational land cover monitoring services implemented by the EC’s GEOLAND project (Evans, 2005).

The following are regarded as the highest product-specific priorities relating to land cover. These formed a key 
component of the terrestrial section of the GCOS Implementation Plan, which has been endorsed by the Parties to 
UNFCCC, and has been adopted by GEO as part of the GEOSS implementation plan concerning climate change.

Commit to continuous 10 to 30-m-resolution optical satellite systems with data acquisition �� strategies 
at least equivalent to the Landsat 7 mission for land cover data, as an essential component of an 
integrated and operational terrestrial observation strategy.
Develop an �� in situ reference network and apply CEOS-Cal-Val Working Group validation protocols 
for land cover.
Generate annual products documenting global land-cover characteristics at resolutions betwe�� en 250 m and 
1 km, according to internationally agreed standards and accompanied by statistical descriptions of the 
maps’ accuracy. 
Generate maps documenting global land cover at resolutions between 10 m and 30 m at �� least every five 
years, according to internationally agreed standards and accompanied by statistical descriptions of the 
maps’ accuracy (as noted above, more frequent imaging is required regionally); a longer-term goal 
should be annual monitoring.
Ensure delivery of information to users in an appropriate format.��

4.1.6  Principal recommendations
Develop acquisition strategies for land cover data that optimize coverage in time and �� space.
Minimize interruption of �� mid-resolution (30-m) data.
Ensure future continuity of �� mid-resolution multispectral and SAR L-band data.
Coordinate radar and optical data acquisition so that radar data can be used for regular, �� global 
monitoring of land cover.
Agree upon an internationally accepted land cover classification system.��
Coordinate international collection of��  in situ data for calibration and validation efforts.
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4.2  Land use, land use change 
Land use is defined as the arrangements, activities and inputs people undertake within a land cover type to 
augment, enhance, change or maintain it (GLP, 2005). Land use is distinct from land cover in that specific use 
characteristics are associated within a land use category, whereas a land cover may be used for a variety of 
activities or purposes. Characteristics related to the intensity, extent and duration of land use activities provide 
additional information to distinguish various properties associated with a land useThis information provides an 
indication of the impact on land surface properties, biophysical and biogeochemical fluxes, and linkages to 
ecosystem services. Land use characterization is needed for evaluation of land resource productivity (wood 
production, crop production, etc.), decision-making associated with land management options, and for 
implementation of policy.

The Global Land Project identifies the key needs for Land Use products (GLP 2005):
“There is an urgent need for land use maps, especially at global and regional scales. Currently, most global mapping products 
are land cover classifications, with land use categories limited to cropland, pasture and urban. Land use information is 
needed to document the extent and intensity of anthropogenic activities on the land, including cropping systems, 
irrigation, fertilisation, crop yields and livestock density. Although available at the administrative level, such data are not 
always compatible between different countries, and are not always in a spatially explicit format suitable for 
ecosystem modelling. Data harmonisation and gridding are therefore often required.”

4.2.1  Observation needs and technical requirements
Land use is not always readily apparent from visual inspection and can change quickly, so monitoring land use 
is more challenging than monitoring land cover. Several sources of optical remotely sensed data (mid-resolution 
broad area coverage, such as those from Landsat, IRS, ResourceSat, CBERS and DMC satellites, and ultra-
fine-resolution such as Ikonos, Quickbird, Orbview and Eros) have been used routinely to characterize selected 
aspects of land use. However, many aspects of land use are not amenable to remote detection. For example, 
a comprehensive understanding of agricultural land use requires information on management inputs, including 
the technologies used, the timing of interventions, the products and services generated, the location and 
spatial extent of different land uses, as well as the socio-economic context. However, multispectral data does 
allow discrimination between many crop types, and ultra-fine-resolution data allows land use types, such as olive 
plantations, to be identified.

It is evident from the above requirements that in situ observations are essential to fully characterize 
agricultural land use. However, in situ surveys are costly. Thus, depending on the particular development 
issue being tackled, the spatial extent of the area of interest and budgetary constraints, the information 
from less-costly remotely sensed imagery are used to complement limited in situ observations. 

These practical considerations strongly suggest that an emerging area of interest and opportunity for IGOL is the 
development of cost-effective survey designs involving combinations of remotely sensed and in situ measurements 
to meet the information requirements of national development issues (including obtaining reliable agricultural 
land-use statistics) at various scales and covering all types of land use (i.e. integrated land-use surveys).

4.2.2  Current status
Comprehensive well validated global land use maps are currently unavailable. Many products purporting to depict 
land use in fact show land cover.  Key land use characteristics have been mapped, such as cropland extent, grazing 
land extent in built-up land, and the distribution of major crops extent for the early 1990s by the Center for 
Sustainability and the Environment at the University of Wisconsin, USA. A digital global map of irrigated areas is 
available through the University of Kassel, Germany, which was developed with contributions from FAO 
(AQUASTAT) in raster format with a resolution of 0.5°x0.5° and the percentage of each 0.5°x0.5° cell that was 
equipped for irrigation in 1995 (George and Nachtergaele, 2002). 

At a country level, many countries carry out annual and periodic national agricultural surveys (including 
decennial agricultural censuses) and FAO, as part of its mandate, collects agricultural data, including land use 
data, from all countries, though for many developing countries the accuracy can be relatively low.   

There is no definitive universally accepted land use classification. The Land Cover Classification System (LCCS) 
(Di Gregorio, 2005) has been increasingly widely adopted. 

Overall very few global databases containing land-use information exist. Currently available maps suffer a 
number of shortcomings, including a limited number of classes, non-standard definitions, and insufficient 
information on management aspects. Similarly, comprehensive land use maps with national coverage do not 
exist for most developing countries.

4.2.3  Current plans 
Current plans to generate improved global land use maps remain fragmented and there are apparently no funded 
activities to provide improved global land use products. Within developed countries, land use maps are frequently 
produced (George and Nachtergaele, 2002). Notable regional efforts for the developing world include Africover (Di 
Gregorio and Jansen, 2000; Di Gregorio, 2005) providing maps, mainly for East Africa. Plans to carry out similar 
work in West Africa are underway. However, building consistent or harmonized global data sets by compiling 
separate national data sets requires prior development of a land use correlation system. International organizations 
and other entities should support the development and validation of such a system. 

Two other institutes redistribute FAOSTAT national production figures into 5-minute grid cells by using land 
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cover and Global Agro-Ecological Zones (GAEZ) information, which allows associating suitable biophysical 
conditions for specific crops with crop distribution in each cell. The International Food Policy Research Institute 
(IFPRI) has produced a beta version that gives for each grid cell the presence of the twenty most important 
crops. The International Institute for Applied Systems Analysis (IIASA) has produced for each grid a distribution 
of seven land use classes: forests, pasture, open water, rainfed cropland, irrigated cropland, barren land and 
urban land. This database was due to be released before the end of 2007 as part of GAEZ-2007. Further details 
on agricultural land use monitoring are provided in Section 4.7.2.1.

Spatially explicit information on land use changes related to forests will be gathered for FAO’s next global Forest 
Resources Assessment, to be completed in 2010. This is planned to involve the establishment of permanent 
sample plots at each 1°x1° latitudexlongitude intersection, the interpretation of Landsat and other remote sensing 
imagery for each of these for different points in time (1975, 1990, 2000 & 2005), supplemented by auxiliary 
information—including local knowledge and information from field sampling—in order to transform the first-step 
land cover classification into a land use classification. 

Special emphasis will be placed on land use change processes related to forests.

4.2.4  Major gaps and necessary improvements 
The extent to which spatially explicit information on land use can be provided remains unclear because of the 
relatively coarse level of aggregation at which land use can at present be reliably inferred from remotely sensed 
imagery. The frequency with which land use needs to be monitored in order to assess land use change will vary 
depending on local conditions. Some designated-use areas (e.g. ‘protected areas’) may change slowly and land 
use information for such a location need only be updated at relatively long intervals. However, in other jurisdictions, 
where enforcement is ineffective and protected areas may be subject to ‘unauthorized’ land uses, monitoring of 
change on a relatively frequent basis would be a necessary pre-requisite for corrective action.

Some small-scale global applications require maps with only broad land use characterization. For example the 
upper-level classes specified in the IPCC good practice guidelines (‘the basis for the consistent representation of 
land areas’) include only forest land, cropland, range or pastureland, wetland, settlements and other land (IPCC, 
2003). These classes may be reliably inferred from satellite imagery.Information needs may therefore be met 
using data from existing observation systems, several of which were cited earlier. Potential major constraints, if 
high spatial detail is required, are the cost and time for image interpretation. In general, such small-scale global 
maps should be updated every five years, or more frequently in regions of rapid land use change.

As stated earlier, for applications at national to sub-national scales requiring information on land management 
aspects, both remotely sensed and in situ observations are necessary. For cases where only statistical estimates 
of the various land uses or of land use changes are needed, these could be met using appropriate sampling 
strategies. In this regard, high-resolution (<1 m) imagery would be needed to support the in situ operations 
(field orientation, data collection, planning, etc.). As for global applications, a desirable frequency for repeating 
observations is five years, except in zones of rapid land use change.

The following are the preliminary steps needed to create a global land use data base: 
A widely acceptable legend needs to be agreed upon. LCCS provides a useful start, but �� efforts need 
to be directed towards gaining consensus on it from all stakeholders, including the various new 
burgeoning scientific activities of the GLP and those of the Earth System Science Partnership, including 
Global Environmental Change and Food Systems (GECAFS) and the Global Carbon Project (GCP). The 
legend should be relevant to viability of short- and long-term land uses, and also to land potential and 
sustainability. It is recommended that any legend needs to include a measure of intensity of land use. It 
should be noted that harmonization of land use classes from diverse sources remains very challenging 
(Jansen, 2005).
Nearly all land on the planet is used in some way, but land use intensity remains low in �� many areas. 
The land surface should therefore first be stratified into areas of low- and high-intensity use, based on 
published sources, with the use of widely available data sets, such as Landsat. The first would largely 
include intact forests and other forests subject to low-intensity use, desert areas and ice sheets.
Within the areas of high-intensity use, the following readily observable categories should �� be mapped using 
medium-resolution data (probably Landsat, given global coverage of free data): mechanized agriculture; 
pivot irrigation and other readily observable irrigation types; tropical plantations and areas deforested for 
agriculture and husbandry; urban areas; and infrastructure (including roads, dams and powerlines).
Use ancillary information available at subcountry levels on crop production, livestock �� densities and fertilizer 
use to refine land use discrimination using the spatially explicit information to spatialize the information.
Using the above, identify residual areas where land use characterization has not been possible �� and 
develop an approach based on finer-resolution data and in situ knowledge.

4.2.5  Product-specific critical issues 
Filling gaps in available land-use information and addressing issues of data discontinuity and lack of 
standardization among existing data are of high priority, especially for regional- or global-scale assessments. Similar 
land use data are often collected, but for different reasons, making inter-comparison challenging, time 
consuming, or even impossible. Moving towards broad data collection and uniform collection and processing 
standards—for both remotely sensed and in situ data - would lower data barriers to broader - scale assessments 
and improve transparency of documentation and certification for international agreements. In addition, fruitful 
exchange of land use data requires clear descriptions of methods, implicit assumptions and database limitations. 
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4.2.6  Principal recommendations
Develop a widely accepted land use classification system that is relevant to viability of short- and �� long-term 
land uses and also to land potential and sustainability, and stratified by low and high land use intensity.
For intensively used areas, map at 1:500 000 scale mechanized agriculture, pivot irrigation, �� tropical 
plantations, areas deforested and urban areas. 
Integrate remotely sensed and �� in situ information to map crop production, livestock densities and 
fertilizer use.

4.3  Forests
Forest observations include measures of the extent, characteristics and condition of lands with at least 10% tree 
cover, based on the FAO definition of forests. The main users of remote sensed forest mapping and monitoring 
products at the global and regional levels are international organizations (both intergovernmental and non-
governmental) involved in climate change studies, environmental protection and biodiversity, including United 
Nations bodies such as the UN Regional Economic and Social Commissions, FAO, UNDP, UNEP, WMO and UNESCO, 
as well as the World Bank and Regional International Development Banks. Forest observations are the basis for 
biomass carbon stock assessments for the Kyoto Protocol of the UNFCCC; conservation compliance assessments 
for CBD; bio-energy production, use and forecasting; and wildland fire susceptibility (see Section 4.5). Enhancing 
and operationalizing forest observations are essential for several international activities, for facilitating coordinated 
international forest monitoring and management, and strengthening environmental protection at the global scale 
(Ahern et al., 1999; Townshend and Brady, 2006). 

4.3.1  Observation needs and technical requirements
Important forest observables include forest location, extent, species composition, production, health and vitality. 
Equally important are the environmental and socio-economic functions of forests and their legal status. Repeated 
observations of each of these variables are often required. Global data on forest cover and changes in the 
extent and characteristics of forest cover, forest type, biomass stocks and forest biophysical characteristics are 
directly observed or based upon satellite remote sensing. Use of remotely sensed data support by ground-based 
observations is the only practicable way to monitor deforestation at the national scale (DeFries et al., 2006) for 
compliance with international agreements like the UNFCCC. Limited access to mid- to moderate-resolution forest 
cover information is a key constraint in the development of national-scale forest carbon inventories. Data sources 
exist with which to determine 1990s-vintage baseline soil C stocks, but such products have not been generated. 
In many cases, forest data products are derived or modelled by integrating multiple sources of information. 
Integration of disparate sources of data to generate information on forest health, forest vitality, forest biomass 
and forest carbon exchange productivity require coordinated data collection and data compatibility. Indicators of 
forest canopy cover and biomass stocks require development of new and improved allometric relationships with 
canopy observables. 

4.3.2  Current status
An international collaborative global rainforest and boreal forest mapping project has been based on Japanese 
JERS-1 SAR remote sensing data. The resulting digital database and image mosaics (at 100 m, 500 m and 
1 km resolutions) provide information on forest cover and wetlands in the mid-1990s. The Tropical Ecosystems 
Environment Observations by Satellites (TREES) project, a joint project of the European Commission and the 
European Space Agency, produced digital database and maps of tropical forests with three land cover classes: 
dense forest(>70%), fragmented forest (40–70%) and non-forest. The mapping was based on NOAA-AVHRR-
LAC 1-km-image data recorded in the 1990s. The AVHRR data were supplemented by the medium-resolution SAR 
image data from ERS-1 & 2, and multispectral data from SPOT and Landsat in sample areas. 

The GOFC-GOLD project, which was initiated by the Committee on Earth Observation Satellites(CEOS), is 
implemented in the framework of the Global Terrestrial Observing System (GTOS) (Townshend and Brady, 2006). 
Its overall objective is to improve the quality and availability of information on forest cover and forest fires, at 
regional and global scales. The GOFC-GOLD methodology is based on global forest mapping and monitoring by 
satellite remote sensing with low-resolution data (1 km and 100–250 m) and validation of results in sample areas 
with medium-resolution data (30–10 m) (Ahern et al., 1999). It includes development of forest cover and forest 
fires databases at national and regional levels, a meta-database at global level, modelling of trends in forest 
cover change, and identification of “hot spots”when change exceeds the predicted rate.

4.3.3  Satellite-based observations
The latest generation of satellite remote sensing systems with improved parameters for land cover mapping and 
monitoring, including the MODIS remote sensing systems in sensor payloads of Terra and Aqua Earth observation 
satellites, have greatly enhanced forest mapping and monitoring at global and regional (continental) scales. One of 
the greatest benefits of remote sensing from Earth observation satellites in forestry is the early identification of 
areas with forest cover change, due either to natural causes (e.g. burnt areas, insect damage, wind damage) or 
to man-made activities (e.g. conversion to other land uses, clear-cuts, detection of illegal logging activities, 
defoliation due to industrial pollution), and forecasting the trends of such changes anywhere in the world, 
regardless of their accessibility or political circumstances. While the multispectral remote sensing data are the 
main inputs for forest mapping and monitoring, SAR data are increasingly used for change monitoring in areas 
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with frequent cloud cover, such as in humid tropical zones, because they can be recorded by both day and night, 
in all weather conditions. 

The growing range of Earth observation satellites with optical and radar remote sensing systems, improved 
spatial and spectral resolution of satellite images, and higher frequency of coverage have greatly enhanced the 
operational use of satellite remote sensing in forest mapping and monitoring. For example, the multispectral, 
moderate-resolution (250 m–1 km) image data from the TERRA and AQUA MODIS remote sensing systems, 
which have been available since 2000, are compatible with forest cover mapping at global and regional scales. 
Radarsat-2 (C-band) and ALOS-PALSAR (L-band), launched in 2006, will be particularly useful for monitoring of 
tropical forests, where reliable information on forest cover changes is difficult to obtain because of cloud cover.

Satellite multispectral remote sensing systems with moderate (10–30 m) ground resolution are the main 
source of remote sensing data for forest mapping and monitoring at country level. The likely interruption of 
coverage with the TM/ETM-type of remote sensing system is a major concern. It has been the main source of 
medium-resolution data used for forest mapping and provided the best cost-benefit usage. 

The usefulness of satellite remote sensing for forest mapping and change monitoring is greatly enhanced if it is 
based on a multistage concept. Such a concept is similar to that of a statistical sampling design and follows the 
golden surveying rule: “From general to particular”. Moderate-resolution (250 m–1 km) multispectral remotely 
sensed data provide synoptic overviews and broad stratification of land cover over large areas. Mid-resolution 
(10–30 m) multispectral remote sensing data are used for forest cover classification and delineation of forest 
disturbances (clear cuts, burnt areas, etc.). Very- and ultra-fine-resolution (<10 m) remotely sensed data or field 
surveys are used for validation of mapping and monitoring results in sample areas. 

Light Detection and Ranging (LIDAR) systems capable of mapping vertical distributions of forests could improve 
estimates of canopy height and biomass, but observations are currently restricted to polar observations by ICESAT 
and no additional observations are planned.

4.3.4  In situ observations
FAO conducts periodic assessments of the state of the world’s forests, their changes and trends, producing 
statistics and analyses that give a global synopsis of forest resources. The last such assessment covered the period 
2000–2005 (FRA-2005). It was based on harmonized national forest inventories supplemented with information 
from medium-resolution multispectral remote sensing data in sample areas. The main results are country-level 
tabular data on forest area (tree cover >10%, forest area >0.5 ha, tree height at maturity >5 m) and change. 
The next assessment, planned for 2010 (FRA-2010), should be a systematic, global sample of more than 10 000 
locations, to be coupled with a remote sensing-based assessment of the spatial distribution of forests.

4.3.5  Major gaps and necessary enhancements 
As for land cover, an important issue for forest cover is ensuring the continuity of mid-resolution data 
necessary for generating regional forest cover products. Agreement on forest canopy observations related to 
various metrics of forest health and degradation would facilitate interoperability of parallel forest 
degradation assessments, enhancing availability of regional data. Global forest cover products require 
coordinated acquisition of multispectral scanner data, with L-band SAR data for mapping forest cover in 
cloudy areas. International initiatives such as GOFC-GOLD should continue to coordinate the identification of 
forest cover needs of the diverse stakeholders.

Better information about forest canopy structure would advance efforts to document forest health, forest 
degradation and forest ecosystem function. The use of lasers from aircraft shows considerable potential for these 
observations. Research into LIDAR and multi-angular optical remote sensing shows promise and should continue 
to be pursued. 

4.3.6  Principal recommendations
Minimize interruption of  mid-resolution (30 m) data.��
Coordinate radar and optical data acquisition so that radar data can be used for regular, global �� monitoring 
of forest cover.
Agree upon an internationally accepted forest canopy classification system.��
Support continued research into developing operational forest structural observation �� systems.
Sustain efforts to compile historical remotely sensed data for regional forest cover change �� databases.

4.4  Biophysical properties relating to ecosystem dynamics
Direct observations of the changes in ecosystem characteristics associated with states (i.e. biomass pools) and 
fluxes (i.e. material exchanges associate with harvest, aerosols, erosion and gaseous emissions) are observed at 
multiple scales, from in situ to remote sensing observations. These observations are applicable to all ecosystems, 
from terrestrial to freshwater systems, from human-dominated to natural ecosystems (for instance urban, forest, 
grassland, savannah, wetland and aquatic ecosystem types). Spatial and temporal characteristics associated with 
ecosystem pattern and development are also being affected by human activities and climate change, so that frag-
mentation of ecosystems and changes in the pattern of succession are being altered. 

A special class of observations is associated with ecosystem services. These can be derived from integration 
of a number of observations of ecosystem properties and human activities. These services include provisioning, 
supporting and regulating services associated with natural and human-dominated systems. For instance, 
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provisioning of food production can be derived from the association of land cover with land use and levels of 
productivity; regulating water quality can be derived from integrating land and water use, intensity of human 
activities, characteristic of land cover fragmentation and availability of water resources; and supporting of soil 
fertility can be deduced from intensity of land use, soil physical-chemical properties, nutrient and organic matter 
management, and stability of landscapes.

4.4.1  Observation needs and technical requirements
Key observations related to the state of ecosystems include: 

species composition; ��
vegetation structure, height and age; ��
net primary productivity; ��
net ecosystem productivity; ��
spatial pattern of ecosystems; ��
biomass estimates of vegetation, soils and anthropogenic stocks of C and N; and ��
spatial patterns associated with a mixture of land cover types (landscape pattern, fragmentation, ��
integrity, coherence, etc.). 

In addition, temporal observations provide a way to estimate seasonal dynamics or phenology of ecosystem 
properties from which productivity can be inferred, disturbance events associated, periodicity of inundation, 
frequency (e.g. seasonal and inter-annual manipulations) of large-scale human modification of ecosystem structure, 
and ecosystem recovery and age from disturbance can be characterized. 

Many aspects of ecosystem dynamics are not directly observable and need to be estimated by integrating 
various in situ, survey and remote sensed information, and observations to derive these products. Data-model 
fusion is needed to estimate these derived products from remotely sensed data coupled with in situ observations 
to provide estimates of ecosystem dynamics useful for agricultural needs (e.g. forestry, cropland and rangeland 
productivity), vegetation recovery and succession, and exchanges of key vertical and lateral fluxes. 

4.4.2  Current status
4.4.2.1  Remote sensing

The growing range of Earth observation satellites with optical and radar remote sensing systems, improved 
spatial and spectral resolution of satellite images and higher frequency of coverage have greatly enhanced the 
operational use of satellite remote sensing for estimating biophysical properties. For example, the multispectral, 
moderate-resolution (250 m–1 km) image data from the TERRA and AQUA MODIS remote sensing systems, 
which have been available since 2000, or SPOT-VEGETATION, (A)ATSR or MERIS are increasingly used for 
estimation of biophysical properties (Running et al., 2004; Plummer et al., 2007). New satellite SAR systems, 
the ALOS-PALSAR (L-band), launched in January 2006, and Radarsat 2 (C-band), to be launched in 2007, will be 
particularly useful for monitoring of tropical forests, where reliable information on forest cover changes is difficult 
to obtain because of clouds.

Vegetation monitoring data are operationally available on a global scale based on NDVI, Leaf Area Index (LAI) 
and Fraction of Photosynthetically Active Radiation (FPAR), with ground resolution of 250 m to 1 km (Running et 
al., 2004; Gobron et al., 2005). Multispectral remote sensing data are the main inputs for forest and other land 
system change mapping and monitoring, and SAR data are increasingly used for ecosystem characterization 
and change monitoring in areas with frequent cloud cover, such as in humid tropical zones, because they can be 
recorded day-and-night, in all weather conditions. 

4.4.2.2  In situ observations
Current networks of inventory, biological census and flux data associated with regular collection of repeated 
sampling (forest or crop census data) and recent continuous point sampling (e.g. FLUXnet) provide enhanced 
measurements of ecosystem processes related to information important for forest or grazing land management, 
net primary productivity and net ecosystem productivity, nutrient status, and long-term ecosystem and landscape 
dynamics (Gobron et al., 2006). Most countries with significant forest industry have information from which key 
forest parameters can be estimated, within constraints such as those mentioned above. In practice, more 
accurate and reliable biomass estimates may be made if the inventory is based on a sample of plots re-measured 
at regular intervals, rather than re-mapping (usually from aerial photographs) with limited field sampling, 
particularly if the sampled sites vary between the inventories. 

4.4.3  Major gaps and necessary enhancements 
4.4.3.1  Remote sensing

The use of moderate-resolution high temporal frequency multispectral sensors such as MODIS and MERIS has 
shown their ability to estimate several key biophysical properties, but their moderate resolution is too coarse to 
resolve individual landscape elements, especially in managed ecosystems. To overcome this, the remote sensing 
of biophysical observations needs enhancements. A remote sensing capability with mid-spatial-resolution data with 
the spectral properties and temporal resolution of moderate-resolution instruments will ultimately be required for 
such applications. 

Key to documenting forest structure and advancing understanding of the functioning of many ecosystems is 
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information on the vertical arrangement of components of the canopy. Active optical technologies also show 
considerable potential for this key variable as does the use of lasers from aircraft. Continued development of these 
technologies to allow deployment on a satellite of a canopy lidar is strongly encouraged. Multi-angular optical 
remote sensing systems, such as MISR, are also showing great potential for extraction of information concerning 
canopy heterogeneity (Diner et al., 2005). The saturation of radar backscatter alone at higher levels of biomass is 
a known limitation of these radar technologies. However, advanced SAR technologies, i.e. integration of 
multi-temporal observations (Kurvonen et al., 1999), interferometric SAR using C-, L- and P-bands (e.g. 
Santoro et al., 2002; Askne et al., 2003; Wagner et al., 2003) and very high frequency SAR, though limited to 
airborne sensors (Fransson et al., 2000), have proven further potential for forest biomass mapping up to at least 
200 m3/ha (Santoro et al., 2002, 2006).  

The full advantage of SAR remote sensing (i.e. cloud-free global coverage) should be ensured through 
providing appropriate satellite observations. These include the long-term continuity and global availability 
of existing SAR data records in C- and L-bands, including interferometric capabilities, the establishment of 
combined short- (X- and C- band) and long-wave (L- and P-band) radar observations in multiple polarizations 
(including cross-polarized or full-polarized) and in interferometric mode. Such data are of particular importance 
for forest mapping (structure, height, biomass) and timely agricultural monitoring. There is a strong need for 
better synergistic use of SAR data products with passive and active optical remote sensing approaches in the 
context of vegetation monitoring.

4.4.3.2  In situ observations
Development of standards for in situ observations and data exchange and a common data protocol for reporting 
in situ observations of ecosystem properties and dynamics across a gradient of human-affected ecosystems are 
needed for regional to global integration and interpolation of inventory data, census data and other socio-economic 
information. More generally, detailed characterizations of emissions are required, for both anthropogenic sources 
(e.g. from fossil and bio-fuels) and natural ones are required for multiple species (e.g. source isotopic or 
stoichiometric ratios for fuels and for terrestrial ecosystem sites) if these are to be used as additional constraints 
of inversions. Specific information is required on the timing and location of the emissions, their measurement 
uncertainties and, where gridded or generalized data are provided, the horizontal resolution and covariances of the 
uncertainties are needed. More spatially and temporally detailed emission data products should also be prepared based 
on statistical reports within countries.

Enhanced observations of ecosystem dynamics associated with vegetation and faunal changes are needed 
from long-term observations. Disturbance events associated with insect and disease outbreaks, storm, droughts 
and other events causing structural and flux changes need enhanced measurements of ecosystem characteristics.

TEMS, the Terrestrial Ecosystem Monitoring Sites database, is an international directory of sites (named T.Sites) 
and networks that carry out long-term, terrestrial in situ monitoring and research activities, and is operated by 
GTOS. The site provides information about sites but provides no direct access to data sets themselves. GTOS/
TEMS has recently completed an agreement with EcoPort RSA aimed at demonstrating the potentiality of a close 
collaboration between the two systems. EcoPort is a ‘wiki’-like database containing inter-disciplinary information 
about biodiversity. Individuals can add information, such as pictures, documents, links to the “entity” (record) of 
interest, and contribute in this way to create knowledge by integrating data in a communal database.

The International Long Term Ecological Research (ILTER) project consists of networks of scientists engaged 
in long-term, site-based ecological and socio-economic research. Its mission is to improve understanding of global 
ecosystems and inform solutions to current and future environmental problems. ILTER’s ten-year goals are to:

Foster and promote collaboration and coordination among ecological researchers and research networks ��
at local, regional and global scales.
Improve comparability of long-term ecological data from sites around the world, and facilitate exchange ��
and preservation of this data.
Deliver scientific information to scientists, policy-makers, and the public, and develop ecosystem manage-��
ment best practices to meet the needs of decision-makers at multiple levels.
Facilitate education of the next generation of long-term scientists.��

These laudable goals are not surprisingly taking a substantial time to realize.
ILTER was based on the US Long Term Ecological Research Network. Plans are now under way to develop the 

National Ecological Observatory Network (NEON), which is a continental-scale research instrument consisting of 
geographically distributed infrastructure, networked via state-of-the-art communications. It is hoped that funding 
will support cutting-edge lab and field instrumentation, site-based experimental infrastructure, natural history 
archive facilities and computational, analytical and modelling capabilities, linked via a computational network.

It is intended that NEON will transform ecological research by enabling studies on major environmental 
challenges at regional to continental scales. Scientists and engineers will be able to use NEON to conduct real-time 
ecological studies spanning all levels of biological organization and temporal and geographical scales. Data from 
standard measurements made using NEON will be publicly available.

The high costs of its implementation mean that it is currently an unlikely model to introduce into developing 
countries.

4.4.3.3  Model improvement
Given the independent nature (not fitted against flux data) and the simplicity of the MODIS-GPP model, its 
overall performance in predicting Gross Primary Production (GPP) is remarkable under normal conditions (r2 
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between 0.7 and 0.95) (Running et al., 2004). The assimilated meteorology does not capture all day-to-day 
variation, but matches the local tower data well on an eight-day scale. However, at certain sites, the meteorological 
bias influences estimates of GPP significantly. Furthermore, there is potential for considerable improvements in the 
GPP algorithm by better accounting for soil drought effects, by reducing the radiation-use efficiency under high-
radiation conditions, and by introducing more geo-biological variability. It has been shown that these parts of 
the MODIS-GPP algorithm can be re-parameterized using eddy covariance data, so the synergistic use of MODIS 
and C Flux data will improve the ability of a global terrestrial observation system.

Processes in terrestrial ecosystems exhibit high variability in time and space, and their local to regional impact is 
of interest for a variety of policy and economic reasons. Furthermore, from the perspective of the global carbon 
cycle, we are interested in ecosystems’ aggregate impact on the atmosphere. Spatial variability is high enough 
that measurements alone cannot provide adequate estimates of fluxes (or changes in stocks) over large regions, 
implying that models must be used in the interpolation of local observations.Yet, without regional “wall-to-wall” 
observations, such models cannot be convincingly evaluated because of incomplete sampling associated with 
in situ measurements. Spatial or gridded in situ data sets are therefore needed for several reasons: as input to 
models, as constraints for model dynamics and parameterizations, and for verification of model results. Issues 
related to data fusion and data scaling methods need to be dealt with in model calculations so that a transparent 
methodology is available for review, ease of updating, and assessment of uncertainties or error analysis.

4.4.4  Principal recommendations
Global fraction of Absorbed Photosynthetically Active Radiation (fAPAR) products from 1997 onwards have been 
generated by space agencies and other data providers (ESA, NASA, JRC, etc.). These products are typically 
available at a spatial resolution of 1–2 km on a daily, weekly or monthly basis. Finer-resolution products, at 
250–300 m can be generated but are not available operationally on a global and sustained basis. The latter 
would offer significant improvements in terms of national or regional-scale reporting on the terrestrial carbon sink, 
or as one input in the generation of land cover maps. The higher-resolution products are also easier to compare 
with the point measurements made at reference sites.

Space agencies and data providers should continue to generate gridded fAPAR and LAI. ��
Available archives of fAPAR and LAI should be reprocessed to generate and deliver global, �� coherent and 
internationally agreed values.
Further efforts should also be made to re-analyse the historical archives of NOAA’s AVHRR �� instrument, 
ensuring the long-term consistency of the product with current estimates throughout the entire period. 
CEOS Working Group on Calibration/Validation should continue to lead international �� benchmarking, 
product intercomparison and validation exercises including fAPAR and LAI. These efforts should take 
full advantage of existing networks of reference sites for in situ measurements whenever possible.

4.5  Fire
The need exists for reliable consistent information on fires, since fire changes the surface cover type and 
properties, and releases trace gases and particulate matter into the atmosphere, affecting ecosystem functioning and 
composition, hydrologic processes, atmospheric chemistry, air quality and climate (Ahern et al., 2001). Fire is 
an important ecosystem disturbance with varying return frequencies, resulting in land cover alteration and 
change on multiple time scales. Fire is a widely used land management tool in tropical, temperate and boreal 
regions, and is an indicator of land use change and human activity (Mollicone et al., 2006). Fire is used for clearing 
and preparing agricultural land, maintaining pastures, hunting and removing crop residues. Fire can also have 
adverse impacts on human health, livelihoods and economies. Wildfires have become increasingly a significant hazard 
at the suburban-wildland interface. 

Fire observations are needed by land and environmental managers, including those organizations 
responsible for the management of protected areas; global change researchers; and for national and 
international assessments. Observations provide information at various stages in the evolution of fire 
events; for fire early warning of fire-prone conditions, for early fire detection, tactical and strategic fire 
management, post-fire assessment and monitoring the impacts of fire events and fire management policies.
Satellite-derived fire information can be used for improved fire and land management. Near-real-time images of fire 
occurrence in a variety of formats are available through the MODIS Rapid Response system (Justice et al., 2002).  
Hotspots derived by A(A)TSR observations since 1995 are posted in near-real-time by ESA and in the World Fire 
Atlas (Arino, Plummer and Defrenne, 2005a; Arino, Casadio and Plummer, 2007a), to date providing information 
to more than 1000 registered users (Plummer et al., 2007).  

Requirements for fire observations have been developed at the international level by the GOFC-GOLD Fire 
Implementation Team (URL: gofc-fire.umd.edu). Long-term fire monitoring with consistent data records is 
needed to study how fire regimes are changing as a function of climate and changing land use and fire policies. 
One of the primary goals of fire monitoring systems is to provide information to support decision-making, leading 
to improved fire management, reducing hazards and the negative impacts of fire on the environment. For fire 
fighting purposes, emphasis must be given to the timeliness of delivery of observations. The CEOS 
Disaster Management Support Group specified the need for data to be received within 15 minutes of fire 
detection (Dull and Lee, 2001), a requirement that can only be met by continuous monitoring by an ultra- and 
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very-fine geostationary capability, or by aircraft or unmanned aerial vehicles, in areas where fire has already 
broken out. This is clearly a goal for developed countries with fire fighting capabilities, but for countries with 
large tracts of territory where fire management is either not feasible or only targeted at key valuable resources, 
the delivery requirements are less stringent. 

4.5.1  Observation needs and technical requirements
4.5.1.1  Satellite observation needs

Satellite observation needs for fire can be divided into three types: pre-fire early warning; active fire detection; 
and post-fire monitoring.

Fire early warning
Fire early warning requires a combination of recent weather data and information on vegetation composition 
and condition. Weather data are obtained from a combination of satellite observations and data from in 
situ weather stations, often through data assimilation models. Timely weather information and temporally 
composited vegetation indices providing information on the condition of vegetation are used to develop fire 
danger indices. To determine fire danger, information is also needed on the amount of vegetation available 
for burning (i.e. fuel load).At the crudest level, an average value for fuel load obtained from the literature of 
sample ground measurements can be assigned to a given land cover type. In a more sophisticated approach, fuel 
load can be modelled using a dynamic vegetation model, with inputs of vegetation type, rainfall and satellite 
data. Time-series satellite vegetation indices at 500 m–1 km provide input for both early warning and 
vegetation modelling. Some models use satellite-estimated fAPAR and LAI products to help calculate above-
ground production, which is allocated into fuel components. Improved characterization of fuels is anticipated from 
structural information obtained from vegetation canopy lidars. 

Active fire detection
Satellite data from the middle and shortwave infrared are used to identify burning or active fires from their 
surrounding conditions (Giglio et al., 2003). Moderate-resolution polar orbiters orbiting twice daily currently 
provide sub-pixel detection (<1 km) of active fires. Geostationary data with coarse resolutions (>1 km) provide 
a more frequent half-hourly sampling of the diurnal cycle of fire activity. The channels used for fire detection need to 
be capable of detecting flaming fires at 750 Kelvin without saturation. Mid-spatial-resolution sensors (<30 m) 
provide the means for a more complete characterization of fires and the validation of moderate-resolution fire 
detections. Recent development in active fire detection have included calculation of Fire Radiative Power (FRP), which is 
related to biomass consumed (Wooster et al., 2005). 

Burned area
Following fire, the ground surface conditions are changed, vegetation is burned off and charred material and ash 
often remain. The resultant fire scars can be mapped from space usingoptical and infrared sensors. In some 
regions the fire scars persist for a number of years, whereas in others the char is blown away, or the recently 
burned field is ploughed or perennial grasses sprout within a few days of the burn, making automated mapping of the 
fire-affected area difficult. For national mapping of burned area or regional fire emissions modelling, maps of monthly 
burned area, accumulated during the year, are adequate. Such burned area mapping is currently performed using 
data from the near-IR and SWIR parts of the spectrum at 500 m–1 km. For rapid post-burn assessment of fire 
impact in ecologically sensitive areas, mid-resolution data (10–30 m) are needed within 48 hours of the fire to 
assess fire extent, severity and ecosystem and hydrological impact.

National fire statistics
Most developed countries compile annual statistics on fire extent and distribution. The public availability of 
these data is varied. Traditionally these statistics are derived from field-based reports or aerial surveys. Recently, 
some countries have utilized satellite methods to acquire fire statistics over large areas, e.g. in Russia and Canada 
(Lee et al., 2002). There is no standard approach to the compilation of national fire statistics and the results 
from different countries are variable in their accuracy. National statistics are gathered and redistributed by the 
Global Fire Monitoring Center, Freiburg, Germany (see www.fire.uni-freiburg.de/). The global ATSR data go back 
to 1995 and provide a consistent source of night-time fire observations. However, since the diurnal fire cycle is at 
a minimum at night, this record will very much represent a limited sample of the true fire activity. The U.S. Air 
Force Defense Meteorological Satellite Program (DMSP) Operational Linescan System (OLS) can also detect fires 
at night via low light imaging in the visible wavelength region.

There are a number of efforts in Europe to develop global burned-area products. A global burned-area 
product has been developed from AVHRR 8 km (1981–1999) data by the EC JRC, Ispra, Italy (Carmona-Moreno 
et al., 2005). The product has significant limitations for scientific use, due to inaccuracies in detection resulting 
from the aggregation of the GAC data and calibration-consistency issues. Regional 1 km AVHRR burned area data 
sets have been generated, but not on a systematic basis or with validation. Two global burned area products were 
developed for the year 2000: the GBA2000 product from SPOT-VEGETATION data (Tansey et al., 2005) and the 
GLOBSCAR product from ESA ATSR data. Systematic inter-comparison of these products shows major 
inconsistencies at regional and continental levels (Korontzi et al., 2004; Boschetti, Bocchi and Brivio, 2007). 
A current effort, as part of the ESA GLOBCARBON project, is developing burned area from a 10-year time series 
of ATSR and VEGETATION data built on GLOBSCAR and GBA2000. Within ESA’s GLOBCARBON (Plummer et 
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al., 2005) daily observations from VEGETATION, MERIS, ATSR-2 and AATSR data are used to cover a 10-year 
timeframe from 1998 to 2007. The MODIS burned area product is starting to provide a global multiyear record of 
monthly burned area. Preliminary validation results show that at least 85% of the total burned area is mapped 
by the MODIS automated algorithm (Roy et al., 2005a).

4.5.3  Major gaps and necessary enhancements
4.5.3.1  Developing a Global Geostationary Satellite Fire Network 

Geostationary data provide the best opportunity for capturing the diurnal cycle of fire activity (Prins et al., 2001). 
Although geostationary satellites cover most of the World, not all geostationary imagers provide fire information. 
Geostationary systems with middle infrared sensors are being developed with higher spatial resolutions and thus 
become increasingly attractive for active fire detection. Through the international GOFC-GOLD programme there 
is an initiative to coordinate a global network of geostationary satellites, providing active fire detection with a 
15-30 minute frequency (Prins et al., 2004.). This initiative requires the support of the operational space agencies and 
weather services responsible for the geostationary satellite systems.

4.5.3.2  Moderate-resolution fire data continuity
Fire detection and burned area mapping from the AVHRR operational imager were greatly improved by the MODIS 
instruments. The experimental MODIS imagers on NASA Aqua and Terra will be replaced by the NPP VIIRS 
in 2009, providing the start of a new operational satellite programme, NPOESS. The active fire detection and 
characterization capability of the VIIRS will be seriously affected by a lower saturation level of the 11-micron band 
than MODIS and on-board data aggregation, thus effecting product continuity. It is recommended that fire de-
tection is undertaken prior to pixel aggregation and that Fire Radiative Power be included as part of the VIIRS Fire 
Environmental Data Record. For the future, the US Integrated Program Office needs to raise the saturation level 
of its middle thermal infrared 11-micron sensor to enable fire detection and characterization without saturation 
on the next build of the VIIRS instrument.

As discussed above, MODIS, SPOT Vegetation, AATSR and MERIS all provide moderate-resolution data that can 
be used for burned area mapping. However, a consistent validated, global, long-term record of burned area is 
still needed. It is critical that products generated from these systems are fully validated to CEOS Land Validation 
Stage 3. A coordinated international effort is needed for the validation of the global burned area products, using 
the CEOS Burned Area Validation Protocol established by the CEOS Land Product Validation Working Group. The 
monthly and near-real-time burned area products generated from the current researchinstruments need to 
be transitioned to the operational polar imagers for long-term data provision. 

4.5.3.3  Mid-resolution data availability for fire monitoring
Mid-resolution data are used for post-fire assessment and the validation of moderate-resolution products. A data gap has 
occurred for mid-resolution data due to the malfunction of the Landsat 7 Scan Line Corrector (SLC). 

Landsat was the only system providing systematic global acquisition of mid-resolution data. There are a 
number of mid-resolution systems in orbit that could be coordinated to provide observations within 48 hours 
of large or hazardous fire events for current and post-fire assessment. Future mid-resolution imaging systems 
(<20 m) need to be designed to include active fire observation and characterization (including FRP) capabilities. 

4.5.3.4  Improved access to fire data and information
Currently, there are a number of obstacles to the use of satellite data for fire management. The primary obstacle 
is the cost and availability of mid-resolution imagery. Near-real-time data of active fires and burnt areas are 
needed by the fire management community. Web-based Geographical Information Systems (GIS) systems greatly 
facilitate access to and use of the fire data products and such enhancements in delivery are needed in the current 
operational data systems to increase access to and use of the satellite fire data. Standardization in the compilation and 
open access to the reporting of national fire statistics are also needed.

4.5.3.5  Principal recommendations
Coordinate an international network of geostationary imagers providing global active �� fire detection 
every 15 to 30 minutes, and make these data available in near-real-time for fire alert and management. 
Modify the NPOESS VIIRS sensor for the non-saturated detection and characteriza�� tion of active 
fires. Monthly and near-real-time burned area products should be included in the operational product 
suite from NPOESS. 
Reprocess the AVHRR archive held by NOAA and NASA, with correction for known defi�� ciencies in sen-
sor calibration, and also for known directional and atmospheric problems. 
Support a coordinated international effort to validate the current and future global burned �� area products 
to CEOS Land Validation Stage 3. GOFC-GOLD Regional Networks provide an opportunity for expert 
product validation. 
Coordinate and target acquisition of data from the international mid-resolution assets �� to provide mid-
resolution imagery (<20 m) of large and hazardous fire events within 48 hours of the event. The data 
need to be affordable and easily accessible by the international fire management and research community. 
Future mid-resolution systems should include the capability for active fire detection.
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Enhance the access to and utility of fire products, through the use of near-real-time delive�� ry systems 
and Web-based GIS.
Implement standardization of national fire data collection and reporting and promote open �� access to 
these data. 
These data should be spatially explicit and georeferenced.

4.6  Biodiversity and conservation
The CBD goal, endorsed at the World Summit on Sustainable Development (WSSD) (UN, 2002), is to significantly 
reduce the current rate of loss of biological diversity by 2010. Decision VII/30 of the CBD and the Millennium 
Development Goals (MDG) lays out specific biodiversity indicators and measurements needed to achieve 
conservation and development targets. The biodiversity data requirements deal primarily with the abundance 
and richness of wild species of plants and animals, their habitat, and threats to their habitat. The loss of 
biodiversity has implications that become regional, and in some cases global, in scale. Endemic plants and 
animals have, by definition, very restricted ranges, while other species may have dispersal and migration 

patterns that are nearly global. As a result, a global framework for monitoring is essential. The major biodi-
versity data needs are in situ, but need to be supplemented with remote sensing-based data to monitor changes 
in the distribution and status of ecosystems (e.g. Achard et al., 2002; Strand et al., 2007).

4.6.1  Observation needs and technical requirements
Biodiversity observations address the GEO societal benefit on conservation and biodiversity. The required data 
contribute to understanding trends in local to global biodiversity, e.g. changes in ecosystems and species 
abundance and distribution, and in addressing the fundamental threats to biodiversity, such as land change 
eroding habitat quality, population pressures on natural habitats, invasive species, trade in threatened plants 
and animals, and climate change (Balmford et al., 2005). 

A special IGOL meeting on biodiversity Earth observation requirements, held in November 2005 in Washington 
DC, USA (Janetos and Townshend, 2005), resulted in the identification of numerous data sets that are essential 
for either creating additional biodiversity-specific data sets or for understanding biodiversity status. Several of the 
specific data sets serve multiple purposes and are identified elsewhere in this report. These include DEM, vegetation 
structure, land cover change and land cover fragmentation, land use, ecosystem classifications, soils and land 
degradation. The following needs sections identify the biodiversity-specific in situ, remote sensing observation and 
products, and finally modelled data needs.

4.6.1.1  In situ observations
Although many important data are still lacking at the global scale in terms of change in extent of habitat types, 
many of the most challenging biodiversity data needs will require in situ collection strategies (Balmford et al., 
2003). These include:

Initiate an international programme on Global Fire Early Warning, integrating satellite and in situ fire ��
weather data.
Trends in species abundance and richness by location�� . Longitudinal species databases needed to 
understand population dynamics as a function of land change or other threats are rare. One of the few 
examples is the Breeding Bird Surveys conducted in North America and Europe, for which field-based 
observation of species by location are needed. 
Locations and distributions of threatened or endangered species.��  This is needed in order to 
understand global priorities for conservation action to protect and manage critical habitats. Publicizing 
specific locations of threatened or endangered species in some cases should be controlled in order to 
avoid illegal poaching or destruction.
Protected areas extent and conservation status.��  A global geospatial database of protected areas with 
attributes describing the level of protection provided by each conservation holding is maintained and 
being updated by the UNEP World Conservation Monitoring Centre, and is able to provide information 
on the level of habitat protection available within ecosystems (http://www.unep-wcmc.org/). Currently, 
12.5 percent of the global terrestrial area is protected at some level, but the specific location and status 
of habitat of many protected areas is uncertain. However, these efforts are often limited by the availability 
of data at the national level on protected area distribution and level of protection.
Protected areas status.��  Regular mid-resolution mapping of human disturbances within protected area 
boundaries and their buffer zones would allow threats to biodiversity to be identified in those areas set 
aside for biodiversity conservation. Combining these data with the active fire products outlined above in 
Section 4.5 would provide a near-real-time indicator of any major pressure on protected areas. 

4.6.1.2  Remote sensing data and product needs 
Data needs

The key role of 30-m optical data was stressed as continuing the thirty-year record largely provided by Landsat, 
along with more frequent moderate-resolution images (250–500 m). Very-high-resolution (less than 5 meters) 
cloud-free imagery at low cost is needed for rapid response in key areas. One of the challenges for the 
conservation community is that in many key regions of the Earth, there is extremely rapid land cover and land 
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use change, whose consequences for biodiversity are often large. The overall structural diversity of the 
landscape’s dominant vegetation is also extremely important for determining the diversity of animals and plants 
that depend on it for habitat. Direct measures or proxies for structural diversity would be extraordinarily difficult 
to derive from most imagery; however, it is well-known that lidars have the potential to make direct measures of 
structural diversity through the derivation of canopy profiles from their returns. Seasonal monitoring of freshwater 
distribution and flow is required. A 30-m global topographic data set derived from remote sensing was regarded 
as of the highest priority.

Product needs
A long-term record of land-cover change and fragmentation at 30-m resolution is needed, along with land use 
and land use change products at a comparable resolution. Ecosystems and ecological regions data, and 
ultimately maps, are needed to provide information on trends in ecosystems and land use, and to support a 
framework and context for assessing broader biodiversity trends. Both mid- and moderate-resolution imagery are 
needed, together with geospatial information on other environmental variables, such as soils, topography and 
infrastructure. The data sets and maps must be designed for monitoring trends and overall ecosystem health 
and sustainability. A first step is to establish international standards and definitions for ecosystems. Teder et al. 
(2007) have recently contributed to this goal.

Habitat maps prepared from high-resolution images must provide the basic floristic and physiognomic 
characteristics needed for species distribution models. The data needed include trends in land cover, land use, 
biophysical conditions, fragmentation and other ecosystem variables. 

Invasive-species maps showing the locations and spread characteristics of specific invasive species are 
needed. Ultra-fine-resolution, multispectral and hyper-spectral observations are most suitable.

4.6.1.3  Modelled data needs
A suite of measures describing habitat patterns are needed to understand fragmentation, landscape patch size 
and other metrics that relate to habitat condition. Habitat maps showing the trends described earlier are key 
inputs to this work.

Trends in species distributions, linked with habitat, are needed to model species ranges, and to evaluate carrying 
capacities for individual species. This will require a variety of ecosystem-specific models in which habitat maps and 
species occurrence data are combined to identify trends in species distribution and abundance.
A comparison of species distributions and habitat protection status will lead to identification of conservation gaps and 
the identification of the types of ecological conditions (e.g. habitats) that require additional protection. 

The combination of land cover and protected areas maps will permit the identifying of fragmentation and 
encroachments, using remote sensing for the purpose of assessing the effectiveness of protected areas status in 
meeting conservation goals. An important part of this is the periodic assessment of the rates of encroachment into 
protected areas (e.g. Laurance et al., 2002). 

4.6.2  Current plans
CBD will continue to be a strong driver for improving biodiversity data sets, and the requirements of the Convention 
should be considered when planning biodiversity data developments. Other organizations that have programmes 
underway that contribute to the biodiversity data needs include:

UNEP’s World Conservation Monitoring Centre is maintaining the World Database on Pro�� tected Areas on 
behalf of the World Commission on Protected Areas, and coordinating the “2010 Biodiversity Indicators 
Partnership”, delivering the full range of biodiversity indicators associated with the 2010 biodiversity target, in 
addition to producing a range of ecosystem and species assessment products (www.unep-wcmc.org). 
The World Conservation Union (IUCN) Species Survival Commission is continuing to moni�� tor trends in 
threatened species (Red List Index) (www.iucn.org/ssc).
The Global Biodiversity Information Facility (GBIF) is serving as a catalyst for digitizing �� and making 
available local specimen distribution data (www.gbif.org). 
DIVERSITAS is developing frameworks for international research, promotes standard �� methods, 
facilitates construction of global databases, and synthesizes and integrates biodiversity activities. Key 
topical interests of DIVERSITAS include observing, monitoring and assessing biodiversity levels, 
understanding ecosystem functioning, and developing knowledge that guides policy and decision-making 
(www.diversitas-international.org).
The RAMSAR Convention Secretariat is exploiting outputs from the �� GLOBEWETLAND project as 
input to their technical documentation. 

4.6.3  Major gaps and necessary enhancements 
The current availability of biodiversity information is deficient in both content and characteristics, particularly 
as regards to consistent measurement of trends (Royal Society, 2003). Regarding specific observation needs, 
there is an urgent need to use remote sensing to provide information on trends in land cover and habitat types, 
and mid-resolution imagery to document unauthorized land uses in protected areas. Other needs include:

While global maps of biomes and ecoregions exist, and are helpful in understanding broad �� ecosystem 
characteristics and threats, information on specific plant and animal species is too often limited in time, 
geographical extent and consistency. It is recommended that the conservation community adopts a 
consensus ecosystem classification hierarchy and map product.
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Additional resources are required for maintaining updated information in the World Data�� base of 
Protected Areas.
Comparability of existing data collections is often affected by taxonomic inconsisten�� cies. Efforts, 
such as the Integrated Taxonomic Information System (ITIS) established by several North America 
agencies, are narrowing the taxonomic divide in one part of the globe, and is linking to the international 
efforts of Species 2000, which aims to document all known species of organisms on Earth as the baseline 
data set for studies of global biodiversity. 
Biodiversity information too often does not include the essential location coordinates needed �� to understand 
biodiversity in a geospatial context, or that of time-series data, essential for the understanding of trends 
and the effectiveness of interventions. 
Georeferenced socio-economic observations are needed to understand causes and conse�� quences of 
biodiversity losses.

4.6.4  Product-specific critical issues
Many national agencies and IUCN, GBIF and DIVERSITAS have species data management and distribution 
policies that should be consulted.

4.6.5  Principal recommendations
Update the world database of protected areas.��
Ensure availability and comparability of existing data collections.��
Georeference all new socio-economic observations. ��
Enhance availability of 30-m global topography, which play a critically important role in �� both correction 
of imagery data and in habitat delineation, and as model input data.
Ensure delivery of very-high-resolution cloud-free imagery at low cost for rapid respon�� se in key areas, 
with ability to monitor cloudy areas for illegal logging, road-building in sensitive areas, and so forth. 
Maintain continuity of the long-term seasonal record of land cover change and fragmen�� tation at 
30 m resolution. A key attribute, or derived characteristic of such a land cover product, would be 
the derivation of disturbance patterns and frequencies.
Develop a long-term record of critical land use characteristics, at a spatial scale that is com�� mensurate with 
the land cover change product, but that includes additional information on the human use of land resources, 
such as crop type, at sufficient spatial resolution to identify small-scale land-holders (ca. 0.5 ha). 
Generate seasonal freshwater distribution and flow data products sufficient to detect �� irrigation schemes. 
Improve models for predicting species distributions in existing landscapes and develop �� better guidelines 
for their use by the scientific community and conservation organizations.  
Organize observational data from �� in situ research sites in order to develop a validation database for 
existing products of relevance to biodiversity issues.  
Adopt a consensus ecosystem classification hierarchy and map product that describes how �� systems are 
mapped, how to add detail, and how to extend the classification scheme to all ecosystems (including 
human-dominated systems).

4.7  Agriculture1

A global agricultural observing system would enable the following seven results:
mapping and monitoring of changes in agricultural type and distribution;��
global monitoring of agricultural production, facilitating reduction of risk and increased productivity at a ��
range of scales;
monitoring of changes in irrigated areas;��
accurate and timely national agricultural statistical reporting;��
accurate forecasting of shortfalls in crop production and food supply; ��
effective early warning of famine, enabling timely mobilization of an international respon�� se in food aid; and
reliable and broadly accepted 5-, 10- and 20-year projections of food demand and supply as �� a function 
of changing demographics, markets, agricultural practices and climate. 

The diverse nature of agricultural practices and the need for timely delivery of information for decision-making 
places some unique requirements on agricultural observing systems. The distribution of field size and rapid 
changes in crop condition require both a mid spatial resolution and a frequent revisit time, combined with 
near-real-time delivery for the satellite observations.

4.7.1  Observation needs and technical requirements
General requirements for mapping agricultural land and monitoring change in extent are described in the land 
cover and the land use sections. For agriculture, measurements from optical sensors (visible, NIR, SWIR) provide 
the primary input data to map and characterize crop area, crop type and crop condition. For global-scale mapping 
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and monitoring, products derived from daily, moderate-resolution (ca. 100–500 m) sensors can be used. For 
regional-scale studies and agricultural areas with small or poorly defined fields, monitoring is undertaken with 
higher-spatial-resolution (10–30 m) satellite data. Crop type discrimination and mapping is commonly performed 
using a combination of multispectral and multitemporal analyses. Targeted imaging of local crop conditions can 
be undertaken using very-fine-spatial-resolution data (1–3 m), currently available from commercial satellites. 

Mapping and monitoring of wetland rice, irrigated areas, water impoundments and areas with persistent 
cloud can benefit from the use of microwave data (Blaes et al., 2005.). Multitemporal, moderate-resolution, 
tandem SAR data can be used to provide detection of crop emergence and estimation of acreage. Monitoring of 
plant water regimes and deficits may be undertaken using SWIR and thermal data (Fensholt and Sandholt, 2003.
The determination of soil moisture is being investigated using thermal and microwave data. The monitoring of 
reservoir heights can be done using radar altimeters and snow amount can be determined using optical, thermal and 
microwave data to provide information on agricultural water supply in irrigated areas (Cretaux and Birkett, 2006). 
Flooding of agricultural lands can be monitored using visible, infrared and microwave data. Remotely sensed data 
from thermal and microwave sensors are also used to estimate rainfall. Monitoring of agricultural residue fires 
and the occurrence of slash and burn agriculture is undertaken with high-saturation sensors in the middle and 
thermal infrared. Monitoring of crop phenology and condition is undertaken using various vegetation indices, 
formed from time-series data from multiple channels, requiring good pixel geolocation and band-to-band 
registration. Anomalies in the vegetation signal associated, for example, with agricultural drought or insect 

infestations, can be identified using comparative analysis of time-series data from previous growing seasons, 
which requires a consistent and well calibrated data record (Anyamba et al., 2005). 

Remotely sensed data, when combined with mechanistic models, meteorological information and other 
auxiliary information, enable estimation of crop yield and forecasting of production. Remotely sensed data 
can also be used to optimize the parameter set and improve the performance of process-based crop models 
at regional and national scales, using data assimilation techniques. Food insecurity monitoring and famine early 
warning are undertaken using a combination of satellite, meteorological, in situ and survey data, coupled with 
socio-economic indicators. Spatially explicit modelling of future scenarios of agricultural demand or production is 
undertaken at global and regional scales with inputs of climate, economic and demographic projections. 

4.7.2  Current status
4.7.2.1  Agricultural statistical reporting and in situ observations 

In situ and survey data are collected in support of global, regional and national agricultural monitoring 
systems, providing information on area planted, germination rates, crop type and condition, crop yield, crop 
residue and fertilizer application. In situ data are also collected for river discharge and reservoir, lake and well 
levels. Nationally and regionally, socio-economic data are collected routinely on farming practices, market 
prices, crop production and production for economic purposes. Additionally, a larger suite of data on popula-
tion, food supply, health, markets and nutrition are collected locally in support of specific regional famine early 
warning programmes.

Data in FAOSTAT are aggregated at the country level. Specific global data sets related to land use include 
those on primary crops, agricultural area, arable and permanent crops, arable land, permanent pasture, forest 
and fuelwood, non-arable and non-permanent, irrigated areas, agricultural machinery, fertilizers and pesticides, 
production and agricultural machinery. Subsets of data from FAOSTAT are available at other sites, notably that of 
the World Resources Institute. 

AgroMaps is a global spatial database of agricultural land use statistics aggregated by sub-national 
administrative districts, which identifies crop yields, extents and production figures for the major crops. However, 
the AgroMaps database is not comprehensive, but continuous upgrades are undertaken by FAO in partnership 
with SAGE and IFPRI2. Livestock densities are available globally in a 3 arc minute grid data set (FAO, 2007).

Weather observations, and in particular rainfall data from meteorological stations, play an important role in 
crop monitoring. In general, in developing countries the network of stations is in decline, and for some 
agricultural regions additional observations are needed. For some stations, data are still recorded on paper and 
there is an urgent need for digital archives to be developed for all stations. Alternative approaches of community 
involvement in making observations and low-cost technologies for increasing the density of rain gauge stations 
have been demonstrated in India. 

4.7.2.2  Satellite-based monitoring systems
Forecasting of major food crop production in selected countries worldwide has been operational since the 
mid-1980s, with the objectives of supporting food security in developing countries and providing information 
to the global market of agricultural crops. A number of programmes utilize satellite observations for global 
agricultural monitoring, traditionally relying upon coarse-resolution (8 km) data from the NOAA AVHRR, and 
more recently on moderate-resolution (250 m–1 km) data, for example from MODIS, VEGETATION and MERIS. 

Routinely generated global or regional, temporal (8-, 10- or 16-day) composite data sets of vegetation indices 
are augmented with higher-resolution (30 m) data on a sampling frame or to monitor representative areas at 
critical periods in the growing season. Daily near-real-time data at 250 m or targeted mid-resolution (ca. 30 m) 
data are used to image disaster areas (Justice et al., 2002). Global to regional maps of crop type and change 
are being generated experimentally from time series of moderate-resolution (250 m) data. Regional and local 
maps of crop type and change are generated using single or multiple mid-resolution data collected at critical 
times in the growing season. The comparative paucity of satellite-based microwave sensors has limited the use of 
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these data, but promising results have been demonstrated using ERS 1 & 2, ENVISAT ASAR, and RADARSAT for 
rice crop acreage and yield estimates. The global monitoring of reservoir height and lake levels is already being 
undertaken by ESA and NASA/USDA/UMD using radar altimetry.

The utility of spaceborne, hyperspectral imaging is currently being evaluated for crop diagnosis (pest, disease 
and stress) using data, for example, from EO1 Hyperion (e.g. Datt et al., 2003). Similarly, mid-resolution thermal 
data, for example from ASTER, are being evaluated for estimation of soil moisture; however, initial findings indicate 
that the full potential of these capabilities for agricultural monitoring will require high-temporal-resolution data.

4.7.2.3  Model output 
Data assimilation techniques are enabling the provision of global precipitation grids from a combination of satellite 
and ground-based measurements in near real time. In the research domain, radiative transfer models are being 
coupled with crop growth models to improve the models and fully utilize the physical quantities derived from the 
satellite data. A number of crop production forecasting models are based on integration of data relevant to 
assessment of crop conditions, such as remote sensing, climate, rainfall and its frequency during growing season, 
extent of irrigation schemes, state of land degradation, agronomic inputs, and historical crop yields. These models 
are for the most part experimental, and require additional research and development for operational use. 

4.7.3  Current plans 
With the planned missions of NPOESS VIIRS, with spatial resolutions at 375 and 750 m, the prospect for the 
ongoing provision of operational moderate-resolution data over the next decade is ensured from the USA. It 
should be noted that this falls a little short of the 100–300 m (visible to SWIR) requirement for crop mask and 
agricultural vegetation monitoring (IGOL, 2006). There is no such plan for the operational transition of the CNES 
SPOT-Vegetation instrument, which currently is used extensively for agricultural monitoring. However, a number 
of other moderate-resolution systems are planned by Japan, ISRO, EUMETSAT and ESA. Attention needs to be 
given to ensuring data product continuity and quality, requiring instrument inter-calibration and product 
inter-comparison. Data continuity between instruments can be greatly enhanced by a consistent central 
wavelength and bandwidth for the core Visible–SWIR vegetation monitoring bands.

4.7.4  Major gaps and necessary enhancements 
For agricultural monitoring, a continuous mid-resolution data record is needed, providing multiple cloud-free 
observations each year. This is currently the largest gap for agricultural observations. Problems with Landsat 7 
have created a critical gap in global mid-resolution observations for the agricultural monitoring community, and a 
replacement and improvement of the functionality of Landsat 7 for agricultural monitoring is urgently needed. In 
the short-term, coordinated acquisition from other on-orbit mid-resolution assets such as Landsat 5, IRS, SPOT, 
ASTER, EO1, AwiFS and CBERS could help fill this data gap. For agricultural purposes, systematic acquisition and 
near-real-time delivery of mid-resolution data are needed at critical periods in the growing season. In the mid-term 
(3 to 5 years), a mid-resolution system is needed that will provide 5–10-day cloud-free coverage of all agricultural 
areas. Such a system is technically feasible and could be facilitated by international cooperation. These should also 
be equitable, with consistent data and pricing policies: data should be provided in standardized formats, facilitating 
inter-use. Provision of orthorectified products would facilitate data inter-use. Operational status is urgently needed 
for mid-resolution systems with planned instrument replacement, to avoid future breaks in coverage.

There are no globally recognized standards for in situ or survey data collection, although Global positioning 
system (GPS) technology is used increasingly for more precise location. Different groups collect these data 
using different methods, and benefit would be derived from increased standardization of data collection and 
increased data sharing. In general, these data are not made accessible outside of the project for which they 
are collected. In some cases, high-impact, low-cost improvements, such as access to the Internet, would 
greatly improve data access. In other cases, increased coordination and capacity building for data collection 
and dissemination are needed.

With respect to the desired improvements to microwave satellite systems, the tandem-like operation of two 
satellites with C and L band, HH+HV polarization, a 300 km swath and 10–20 m resolution, with a temporal 
resolution of 10–15 days, would be well suited for crop monitoring. This would allow the use of both intensity and 
coherence measurements, allowing monitoring of cropping activities.

4.7.4.1  In situ and survey data
Increased standardization of collection and improved quality and availability of in situ agronomic variables is 
needed at the sub-national level. An assessment is needed as to where effort is required in this regard, and 
what initiatives could be taken at the international level. For understanding regional trends in agriculture 
there is a need for improved, spatially-explicit survey data on agricultural technologies, practices, land use and 
ownership (e.g. land tenure, collectivization, clan or family ownership, government or corporate land ownership) 
and processes of transferring land ownership for single or multiple or overlapping purposes and the public 
appropriation of land.

4.7.5  Product-specific critical issues
Continued provision of vegetation index, crop yield indicators, crop area, crop type, vegetation stress and fire 
products are needed at moderate resolution (250 m–1 km). A globally reliable crop mask is a high priority. All 
products intended for operational use should be validated with known accuracies. In particular, methods for crop 
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area estimation should be improved and products validated. A moderate-resolution product detecting 
change in agricultural area on an annual basis would guide mid-resolution mapping of change in 
agricultural extent.

There is also a need for increased availability of gridded (5 km) precipitation estimate products (with 
30-minute accumulations) from assimilation of satellite and in situ data and associated derived products 
and indicators relating to crop water balance and drought.

Improvements are needed in the modelling of crop yield, and satellite information on sowing and 
emergence date is needed to initiate the models. LAI and fAPAR are needed at the crop level for adjusting 
the models. Once validated and tested, the models should be move from research to operational. Reliable 
three-month weather forecasts are needed for use in agricultural decision-making. 

The potentially rapid and dramatic changes in crop condition means that agricultural monitoring has 
specific needs from the observing systems with respect to timeliness of data delivery. Near-real-time data 
is needed, in addition to summaries on a 5–10-day basis. With the increased access to the Internet, 
open and rapid access to data is now feasible. A community-wide effort is needed to improve access to the 
data that are current being collected. The creation of an agricultural data-sharing network is needed to 
improve the timely dissemination of satellite, in situ, survey data and model outputs. The shared data 
would conform to agreed data format standards and quality. Attention is required to ensuring partners in 
the network have access to the Internet.

4.7.6  Principal recommendations
Standardize collection and dissemination of annual national statistical and other �� in situ data.
Enhance rain gauge data collection networks and lower barriers to timely data access. ��
Improve seasonal climate prediction accuracy.��
Provide mid-resolution (10–20 m), cloud-free coverage with a 5- to 10-day return period.��
Ensure continuity of moderate-resolution (1 km; 100–300 m) observations.��
Improve targeting and reduce costs of ultra-fine-resolution (1–3 m) imagery.��
Improve spatial resolution, targeting and height accuracy of radar altimetry, and operatio�� nalize 
data collection.
Provide near-real-time access to regularly collected microwave data (10–30 m) that can be ��
fused with data from optical systems.

4.8  Soils 
Soil is a central component of land ecosystems, and one that influences agricultural and forest 
productivity, ecosystem states and fluxes, biodiversity, water quantity and quality, and human health 
and settlements. Soils are extremely diverse, and their status, health and potential for sustainable 
use depends on local terrain, hydrology, vegetation and geology, as well as on current and past land 
use and management practices. Soil characteristics comprise basic information necessary for making 
good land use and land management decisions. International environmental conventions, such as the 
United NationsConvention to Combat Desertification (UNCCD), CBD and the UNFCCC and its Kyoto 
Protocol all rely upon accurate global soil observations. 

4.8.1  Observation needs and technical requirements
Soil type, texture, salinity, erodibility, nutrient and organic matter content and water-holding capacity are 
the basis upon which decisions about land use and management are made, and from which higher-level soil 
characteristics, including soil fertility, yield potential, carbon storage potential, water supply, sediment yield, 
erodibility and agricultural suitability mapping are derived. Since multiple soil observations are crucial inputs 
to models that simulate crop growth, calculate anticipated yields and water balance, assess the environmental impact 
of different land use practices and identify major agricultural potentials and constraints, various soil 
observations for any given map unit must be of the same vintage and available at the same 
resolution. Obviously, enhanced resolution and accuracy will lead to more accurate assessments, but most 
primary soil observations are based on field sampling, which is very labour intensive. 

4.8.2  Current status
Global soil resource information exists at 1:5 million scale in paper map and digital format in the digital FAO/
UNESCO Soil Map of the World. This map links to global and regional databases of soil properties, problem 
soils and fertility capability classifications. The SOTER (SO for Soil, TER for Terrain) programme was initiated 
to consistently map areas with distinctive landform, morphology, slope, parent material and soil patterns at 
1:1 million scale (FAO, 1995). SOTER was originally intended to be worldwide in scope, but has not been 
fully implemented. The recent release of the moderate-resolution SRTM DEM (with 90-m resolution) has 
made it possible to generate SOTER terrain units globally and efforts continue to link with soil databases. 
Georeferenced and quality-controlled soil profile information is limited to about 6000 profiles worldwide, 
though the quality and quantity of the soil information gathered varies greatly from country to country.
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4.8.3  Current plans 
In 1998, the International Union of Soil Science (IUSS) endorsed a new international soil correlation system: the 
World Reference Base for Soil Resources (FAO, 1998). It is hoped that development of this unique international 
soil correlation system, endorsed by all soil scientists, has now solved the problem of geographically inconsistent 
soil taxonomies, although with current levels of resource allocation it will probably take years for the system to 
be fully adopted everywhere. The main challenge for developing countries will be the sophisticated analyses 
(volcanic glass content, total reserve in bases, etc.) required to identify certain diagnostic horizons and properties 
and to classify the soils accurately. 

Under a major update of the Global Agro-Ecological Zone (GAEZ) study (Fischer et al., 2002), FAO and IIASA, 
with other partners, intended to release in 2007 a harmonized World Soil Database to bring together all existing 
SOTER studies, including the European Soil Database, which includes Northern Eurasia, and the most recent 
Chinese Soil Map, with the gaps being filled by the FAO/UNESCO Soil Map of the World. Another initiative was 
launched by Columbia University in December 2006, which, with other partner,s would undertake a similar exercise.  

4.8.4  Major gaps and necessary enhancements 
The status of regional and global soil profile databases is unsatisfactory given the relatively limited quantity 
of data present. Because of the emphasis on analytical laboratory data rather than morphological descriptors, 
many soil profile databases fail to reflect soil reality, and are often aimed at a single specific field of application. 

The number of “controlled” georeferenced soil profiles in the public domain is extremely limited (1100), and the 
verified georeferenced soil profiles are inadequate for many soil types. In general, most developing countries 
have scattered soil surveys, only partly correlated with one another and of variable age and quality. But tracking 
the coverage and quality of the many ad hoc surveys is not easy. The methods for soil chemical and physical 
analyses vary worldwide, and results obtained are often difficult to correlate. For instance, most of Eastern 
Europe, the former USSR and China use analytical methods that differ from those used in other countries, making it 
difficult to compare characteristics such as soil texture or organic matter content. 

A final problem with the soil profile databases is that no accepted standard for the storage of these data 
exists. Although generally the FAO Guidelines for Soil Profile Description or the USDA Soil Survey Manual are 
well accepted guidelines internationally, each country has developed local variants (linguistic or otherwise). The 
soil classification used largely determines the units identified on the map, and this has hampered the development 
of a universal framework to store soil data.

The following are necessary to fill the above mentioned gaps and to generate improved soil observations:
harmonized, small-scale (1:1 million) soil resource information on a global scale;��
completion of a global soil and terrain database, and, in particular, information in West �� Africa and 
Southeast Asia is needed; 
quality-controlled, georeferenced soil profile information collection should be vastly expan�� ded, particularly in 
areas where none or very little of this information has become available (e.g. China and the countries of 
the Former Soviet Union); 
analytical and procedural decisions should be the purview of single body (most logically IUSS), with binding ��
decisions for all organizations involved with soil classification, mapping and soil analytical methods; and
interpretations of soil data need to be improved to become more accessible and intelligible �� to 
non-soil scientists. 

4.8.5  Product-specific critical issues
Problems of data access need to be addressed, potentially through international political �� agreements such as 
those that can be arbitrated by the World Trade Organization and which guarantee intellectual property rights.
Access to soil information in some areas is increasingly restricted, which hampers research �� and is 
counter-productive to the beneficial applications of this information. The problem is particularly serious 
in Europe, but is quickly spreading to tropical countries. 

4.8.6  Principal recommendations
Develop a harmonized, small-scale (1:1 million) soil resource and terrain (SOTER) database �� on a global scale.
Expand quality-controlled, georeferenced soil profile information collection, particularly �� in areas where none 
or very little of this information has become available (especially in China and the Former Soviet Union).
Encourage a single body (most logically the IUSS) to develop analytical and procedural �� standard methods 
that are binding for all organizations involved with soil classification, mapping, and analyses.
Make interpretations of soil data more accessible and intelligible to non-soil scientists.��

4.9  Human settlements and socio-economic data 
Human beings tend to cluster in spatially limited habitats occupying less than 5% of the world’s land area. Today, 
more than half of the world’s population lives in urban areas, with the most rapid increases occurring in the 
developing countries of Asia and Africa. Latin America is already highly urbanized, and in Europe, North America 
and Japan, 80% or more of the population lives in urban areas. Worldwide, the trend is for increasing numbers of 
people to concentrate in settlements and for the settlements to expand at their perimeters. Sprawl on the urban 
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fringe and exurban development are two of the more conspicuous signs of urban change, but structural 
change permeates urban areas through continuous processes of intensification of use, decay and 
development, and aging urban infrastructures are undergoing continuous replacement and change. Thus, 
urban areas are in a constant state of flux that reflects both growing urban populations and the evolution of 
urbanizing technologies. Significant populations live outside urban areas, having a dispersed character, which 
makes estimation of population density difficult.

Settlements and infrastructure are indicative of intensification of resource use, not only in the 
immediate area but also in the surroundings. Activities associated with settlements and other human 
infrastructural developments often affect the surrounding air, water, land and biotic resources. These 
effects have both social and Earth System implications, due to trends in human well-being and to the 
status of the biophysical, biogeochemical and biodiversity of the areas affected by settlement and 
associated infrastructure.

Human settlement can be viewed on a continuum ranging from largely unsettled wilderness areas at one 
extreme, to dense urban settlement at the other. Although they are relatively unexploited for urban areas, 
remote sensing approaches are by far the most systematic means for collecting spatial information on human 
settlements. Not surprisingly, much socio-economic data (such as GDP or birth rates) cannot be directly 
obtained with remote sensing data, but remote sensing products can be integrated with socio-economic data 
from other sources. For example, enumeration or survey data for administrative areas such as countries, 
provinces or municipalities can be integrated with spatial data from remote sensing. In addition, remote 
sensing data can be used as proxies for socio-economic phenomena (Hay et al., 2005). Thus surveys, 
censuses and other conventional sources of socio-economic data remain essential in understanding global 
socio-economic patterns and trends, but they become more useful when combined with remote sensing data. 

Global remote sensing of human settlements can significantly improve decision-making in a number of 
application areas, including:

spatial modelling of population variables such as population and settlement density �� (both 
urban and rural), land use patterns, civil infrastructure, and some types of economic activity 
(e.g., Toenges-Schuller et al., 2006); 
improved modelling of the flow of food, water, energy and disease vectors, and their ��
consequences for natural systems, including ecosystem and planetary metabolism; 
the location and density of infrastructure for use in hydrologic modelling, flood prediction, �� the 
assessment of land use and land use change, analysing human impacts on biodiversity, and 
threats to public heath; 
monitoring, management and mitigation of natural disasters;��
urban planning and more effective location decisions and development of support infra�� structure; and
spatial modelling of atmospheric emissions associated with fossil fuel consumption and �� other 
anthropogenic activities.

There are many other types of socio-economic data that require improvement discussed in the 
sections on biodiversity, agriculture and water. There are also many other types of observations that are 
beyond the scope of IGOL at this stage.

4.9.1  Observation needs and technical requirements
The environmental, management and policy applications described above have a substantial overlap in 
their remote sensing product requirements. Thus, a suite of product types can be defined that satisfy 
multiple user communities. Below is a listing of a basic product suite for human settlements. Because of 
the rapid growth in human settlements worldwide, these key data sets would ideally be updated on a 
regular and frequent basis to measure rates of change and identify where the most rapid change is 
taking place. These products include:

depiction of the geographical “footprints” of human settlements of all sizes, including �� the outline 
of the developed areas, specific estimates of constructed area and volume (based on building 
heights), which should be updated at or near an annual increment to measure growth rates; 
associated biophysical and biogeochemical properties of these built environments;��
location and extent of rural and exurban population patterns; ��
objective identification of classes of intra-urban land use, such as mixed urbanland use or �� largely 
residential, commercial or industrial areas, the distribution of urban vegetation, and open lands 
within urban areas; 
vectors for streets, roads and intra-urban transport; and��
measures of phenomena that influence economic activity, such as the extent of the energy ��
infrastructure, including electric power grids, vulnerability to natural disasters such as floods, and 
threats to public health.

4.9.2  Current status
An essential requirement for understanding anthropogenic impacts on land is population data. At the 
global scale, there are two major sources of gridded population data: the Gridded Population of the 
World (GPW) data set (http://sedac.ciesin.org/gpw/) and Landscan2. Each has certain strengths. GPW, 
produced at CIESIN, Columbia University, is made up of over 400 000 population observations and 
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provides georeferenced quadrilateral grids at 2.5 arc minute resolution. Data come from 232 countries and input 
data are updated at regular intervals. In addition to population, the data set provides population density and sub-
national administrative boundary maps at 
country, continental and global levels.  Landscan, produced at Oak Ridge National Laboratory, is a modelled 
database that is constructed of fewer total population observations than GPW, usually at the provincial level. The 
data are modelled, based on access to roads, land cover characteristics, urban density and night-time lights. Whereas 
GPW is based on residential population, Landscan attempts to delineate ambient population movements, including 
diurnal population movement, although this is not calculated by time of day. GPW provides better fine-grained data 
on population location, while Landscan provides better data on populations at risk.

Infrastructure, including road vectors, can be mapped with ultra-fine-spatial-resolution (~1 m-resolution) 
satellite imagery. The vertical structure of urban cores can be derived from ultra-fine-spatial-resolution stereo 
imagery (e.g. the JAXA PRISM). Mid-resolution systems, such as SPOT and Landsat, offer the potential for global 
data collection on an annual basis. Such data have been used effectively for mapping urban areas and tracking 
growth in local settings. 

Synthetic aperture radar (SAR) systems have substantial capabilities that could be used for global mapping and 
monitoring of human settlements. However, there are few ongoing programmes to produce regular spatial 
databases of human settlements from these sources. Examples have been demonstrated by the ESA DUP project 
URBEX. ESA GMES projects GUS and SAGE consolidated production of urban expansion maps (scales: 1:10 000 to 
1:25 000) and soil-sealing maps (scales 1:25 000 to 1:100 000), with updates every 3 to 5 years based on EO data, 
which are now generated over selected European regions and urban functional areas by ESA GSELand  (http://
www.esa.int/esaLP/SEMSQU5DIAE_LPgmes_0.html). NASA’s Shuttle Radar Topography Mission (SRTM) is an 
example of an archived data source that is known to have substantial potential for derivation of a global map of 
urban areas. In early 2006, JAXA launched the PALSAR (Phased Array type L-band Synthetic Aperture Radar) 
capable of collecting useful urban observations.

An alternative approach to global mapping and monitoring of human settlements is through the detection of 
nocturnal lighting. NOAA’s National Geophysical Data Center has successfully made annual maps of human 
settlements at 1 km resolution using low light imaging data from the Operational Linescan System (OLS) flown 
on the U.S. Air Force Defense Meteorological Satellite Program (DMSP). The data have been widely used in 
applications requiring geographical locations of human settlements and spatial distribution of economic activity 
at a kilometre scale (Amaral et al., 2005; Ebener et al., 2005; Sutton et al., 2006.) However, its coarse spatial 
resolution (2.7 km) and a lack of radiometric calibration limit the applications that the DMSP lights can address. 
Moreover, although light sources provide good proxies for most large urban settlements, the smaller settlements 
of poor countries are not fully electrified and significant portions of these settlements may lie below the detection 
threshold of the sensor. In addition, investigators have encountered ambiguities in the interpretation of changes 
found in the DMSP time series because the system records light in only a single spectral band. These data 
have been combined with gridded population data at various time periods in CIESIN’s global map of urban 
settlement extents (CIESIN, 2000).

4.9.3  Current plans 
The Visible/Infrared Imager/Radiometer Suite (VIIRS) and its day/night band (DNB) planned for the National 
Polar-orbiting Operational Environmental Satellite System (NPOESS) represents an improved instrument to 
measure nocturnal lighting. The NPOESS VIIRS instrument will provide low-light imaging data with improved spatial 
resolution of 742 m, wider dynamic range, higher quantization, on-board calibration and simultaneous observation 
with a broader suite of bands for improved cloud and fire discrimination over the OLS. While the VIIRS will acquire 
improved night-time lighting data, it is not optimal for this application. In particular, VIIRS low-light imaging spatial 
resolution will be too coarse to permit the observation of key night-time lighting features within human settlements, 
and the spectral band to be used for the low-light imaging is not tailored for night-time lighting.

4.9.4  Major gaps and necessary enhancements
A number of satellite remote sensing systems collect data relevant to the global mapping and monitoring of 
human settlements. Ongoing international collaboration is needed to produce consistent global maps of human 
settlements using multiple sources. A multi-stage approach could be adopted to reduce the extent of data 
collection and processing of data from ultra-fine-spatial-resolution systems. For instance, coarse-resolution night-
time lights could be used to define the collection plans for higher-spatial-resolution systems. Key to the value 
of any effort for global mapping of human settlements is timely product generation and distribution. In general, 
updates are required on an annual basis, with a distribution latency of a year or less. 

Currently, our inability to acquire sufficient ultra-fine-spatial-resolution satellite imagery restricts our 
capability to fully exploit the data. There is also a need for improvements in the algorithms for automated 
extraction of required products from ultra-fine-spatial-resolution sources. This includes the need for extraction of 
the outlines for constructed features (streets and roads, buildings, parking lots, etc.), the extraction of building 
heights from stereo imagery, and vectors for streets and roads. 

Earth observation satellite sensors have traditionally been designed for observation of environmental variables such 
as clouds, sea surface temperature, vegetation and topography. Much less attention has been given to designing 
sensors and processing capability for the unique remote sensing observables associated with human settlements. 
We have identified four major opportunities for improved satellite observations of human settlements. 

Development of improved methods for measuring building heights. Stereo-optical imagery �� is the standard 
here, but other sensing methods such as lidar and microwave should be considered. Building height data 
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would improve the modelling of parameters such as population density and modelling atmospheric transport. 
Modelling the spatial distribution of fossil fuel emissions could be improved through di�� rect detection and 
monitoring of thermal and short-wave infrared (SWIR) emissions from combustion point sources. With 
hyperspectral data it is in some cases possible to identify the composition of the atmospheric emissions. 
The capability to detect point sources of hydrocarbon combustion in urban areas has been demonstrated 
with both night-time Landsat and airborne hyperspectral data. 
An as yet untapped area with great potential as an indicator of the spatial distribution of �� economic activity is the 
remote sensing of radio and microwave emissions from communication devices, appliances and power lines. 
The current and planned systems for low-light imaging (DMSP-OLS and VIIRS) have too �� coarse a spatial 
resolution to adequately delineate intra-urban classes and measurement of annual growth increments. 
Colour camera imagery from the International Space Station indicates that it would be possible to de-
sign a satellite sensor dedicated to moderate-resolution (30–100 m resolution) detection of night-time 
lights. If the detection limits were low enough, such a system could detect night-time lights spanning 
from sparse rural settings to the cores of urban centres.

4.9.5  Principal recommendations
Devise a classification scheme for built environments, settlements and infrastructure �� developments.
Enhance abilities to use ultra-fine-spatial-resolution data.��
Improve methods for measuring building heights.��
Model spatial distribution of fossil fuel emission.��
Develop the capability to map the distribution and intensity of radio and microwave emis�� sion patterns 
as an indicator of economic activity and income levels. 
Provide enhanced spatial resolution and multiple spectral bands from low-light imagery.��

4.10  Water availability and use
Water data products represent the quantity, quality and extent of water resources. Water products deal with 
wetlands, lakes, reservoirs, canals, wells, dams, streams, estuaries and groundwater. They are required for a wide 
range of applications, including agriculture, forestry, municipal and industrial water supply, disaster assessment (e.g. 
drought and flooding), public health issues including exposure to pollutants and contaminants and the presence and 
spread of infectious and vector-borne diseases, ecosystem health, and many more.

Water supply and quality observations are both local and regional and require a combination of in situ 
instrumentation (e.g. stream gauges) and satellite observations. Factors affecting water quality and quantity are 
often the result of events and practices significant distances from the areas of need. As a result, water variables 
must be geospatially coupled, often with watershed frameworks. Due to the obvious importance of water 
availability and use, data collection programmes exist in most parts of the world. There are significant differences 
in the density and frequency of in situ measurements, which leads to regional deficiencies in data availability. The 
way forward must consist of both increasing the density and quality of in situ programmes (e.g. stream gauging, 
chemical and biological sampling, water clarity measures), satellite observations of water use and extent, and 
use of models for assessments.

4.10.1  Observation needs and technical requirements
Many of the water observations requirements needed to address IGOL topics are identified in the 2003 report 
of the Global Water Cycle Theme Team report entitled “A Global Water Cycle Theme for the IGOS Partnership” 
(IGOS, 2004). To meet the water variables needed by IGOL, close cooperation and joint planning with the IGOS 
Global Water Cycle Theme activities should be pursed. 

The following sections outline observation, in situ and modelled product needs that are not included in the 
water cycle plan. For completeness, those water data needs are identified, as are those observations, in situ 
variables and modelled data needs specified in other sections of this report, such as DEMs, land cover, land use and 
soils, that must be available in order to produce a number of the required water products. 

4.10.1.1  Observation needs and technical requirements
Observation products relate to water supply (surface and groundwater), water use and water quality. Water supply 
products describe the extent, quantity and delivery of water. Precipitation, evaporation and evapotranspiration, and 
snow depth observations are specified as observation priorities in the IGOS Water Cycle report (IGOS, 2004). IGOL 
interests require spatially-explicit observations; those requirements must be communicated to water cycle data 
planners. In addition, DEM, land use, land cover and soils data sets described in other sections of this report are 
needed to produce water availability and use assessments.

IGOL-provided water availability and use observation needs include:
S�� urface water type, extent, and change: Mid-resolution imagery is needed to categorize and map the 
extent of wetlands, lakes and streams. Water bodies should be categorized according to ecological and 
hydrological processes.
W�� ater infrastructure: Dams, canals and other infrastructure elements must be mapped using a combination 
of high- and very- high-resolution satellite images.
L�� ake levels: A lake elevation monitoring system will permit understanding hydrologic variability associated 
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with human use, climate change and other activities, and can be used to estimate water supply. A first 
step is to determine a sample of lakes that are sensitive to environmental change or are vital for human 
survival. The Global Climate Observing System’s Global Terrestrial Network on Lakes (GTN-L) has 
identified the 150 key lakes for climate studies. Radar altimetry measurements are a source of lake 
elevation data. Although there is no current global data archiving capability established, around 1000 
lakes have been monitored by Topex/Poseidon (1992–2006) and Jason-1 (2001–to date). The ESA 
River and Lakes project provides time-histories of river and lake height measurements worldwide, and, 
in addition, river and lake heights over Africa are provided in near-real-time at: http://earth.esa.int/
riverandlake/.
V�� egetation index time series: Global moderate-resolution data are needed to produce weekly to 14 day 
vegetation index products that can be used to identify vegetation stress and to quantify drought severity.
An��  irrigated area water use observation product is needed every two years. Because irrigation uses such a 
large proportion of the available global water supply, frequent global maps derived from moderate-resolution 
remotely sensed data are needed. Mid-resolution irrigated-area maps are required on at least a decadal basis.
Monitoring of the��  thermal properties of soils can provide useful input in relation to their energy balance, 
soil moisture, evapotranspiration and hence irrigation water needs (Anderson et al., 2007).
A �� sedimentation and deposition observation product is needed to assess the transport of sediments. Mid-
resolution remote sensing techniques should be used to map and estimate the quantityof sedimentation 
into water bodies. Land cover derived from remote sensing is also needed to identify erosion sources.

4.10.1.2  In situ observation needs
The primary in situ products are measurements of water quantity and quality. In both cases, automation in data 
collection and use of satellite communications can rapidly telemeter measurements to central locations. Many 
in situ needs, including stream flow rates, stream volume, groundwater capacity and extent, and water quality 
measures, are specified in the IGOS water report. Additional water data requirements needed by IGOL include:

Water rights data dealing with the use of water is needed to understand the potential �� basin-wide 
availability of water for both economic uses and to ensure provision of water for natural systems.
Nutrient contents and eutrophication levels: Levels of nitrogen and phosphorous are needed �� to determine 
eutrophication levels and to identify hazardous conditions that threaten the health of aquatic ecosystems. 
Water clarity and sedimentation: In situ measure of Secchi disc depths (the maximum �� depth from which 
an observer on a boat is able to see the reflected light of a standard white disc) or equivalent are needed 
to monitor water quality and sedimentation rates associated with land use practices and natural erosion.

While water clarity and eutrophication measures come mainly from field sources, hyperspectral imaging has 
the potential to provide equivalent measures in a spatially explicate context, enabling more efficient and timely clarity 
and eutrophication assessments to be made (Minghelli-Roman et al., 2003).

4.10.1.3  Modelled product needs
A series of modelled products is needed, most of which derive from the previous observation and in situ products. The 
IGOS water report (IGOS, 2004) includes modelled assessments of climate change, water hazards including flooding 
and drought, and human health. These areas are also very important for IGOL requirements. 

A major modelling initiative is the development of watershed-based water-use models that estimate the 
per-sector demands balanced by the available water supply. The key elements of the catchment-use models should in-
clude water demand (i.e. the integration of municipal and industrial water needs, irrigation and other agricultural uses 
and water needs for natural systems), and data on water availability from all sources. The goal is a global catchment-
based database of water sources, surpluses and deficits. 

To achieve this, model development dealing with the following topics must be initiated in order to produce the 
catchment water availability model:

ecosystem plant water requirements, including both terrestrial and aquatic components of ecosystems;��
water requirements associated with critical sectors, such as municipal and industrial water, irrigation and ��
other consumptive uses will be closely linked to land use; and
catchment variables, including catchment delineation and extent, stream networks, stream order and flow ��
lengths, to be developed from appropriate DEMs; and impacts of climate change on land variables. 

Progressive improvements in the mapping of the distribution of irrigated areas has been achieved through coope-
rative efforts between the Center for Environmental Systems Research, University of Kassel, Germany, with the Land 
and Water Development Division of FAO: the latest version has a resolution of 5 minutes (9.25 km at the equator).  

4.10.2  Current plans
A number of initiatives are underway that can contribute to the definition, coordination and development of management 
of water availability and use products. The following is an incomplete set of potential water product partners:

GEMS Water, compiling data on lakes and rivers water quality.��
Global Runoff Data Center, compiling stream gauge data (http://grdc.bafg.de).��
UNESCO and the International Hydrological Programme  provides multidisciplinary sup�� port for addressing 
regional and national water needs (http://typo38.unesco.org/index.php?id=240). 
FAO addresses water availability by country; also irrigated area estimates ��
(www.wca-infonet.org/; www.fao.org/nr/water/aquastat/gis/index.stm).
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The World Hydrological Cycle Observing System (WHYCOS) of the World Meteorological Organization (WMO) has 
a goal to improve the basic in situ observation activities, and strengthen international cooperation and promoting 
free exchange of data in the field of hydrology. WMO also plays a key role in setting international water-
related data collection standards. 

4.10.3  Major gaps and necessary enhancements
Continuity of global mid-resolution remote sensing is essential for meeting water availability and use needs. The 
testing and implementation of hyperspectral imaging to measure water clarity and eutrophication is another 
improvement. Perhaps the most significant development that must be addressed within the context of the IGOL 
water availability and use data needs is the establishment of the watershed water use model. This will require 
integration of data from across IGOL and the IGOS global water cycle initiative. 

The further development of global irrigated lands data will be challenging, but will require a commitment to 
analyse both high- and moderate-resolution remotely sensed data to document the seasonality and intensity of 
irrigation. This effort should be coordinated with the IGOL land use and land cover data development activities. 

4.10.4  Principal recommendations
Ensure continuity of mid-resolution (10–30 m) remotely sensed data.��
Test and implement methods to use hyperspectral imaging to measure water clarity.��
Enhance methods to model water use and demand on the watershed scale. ��
Map irrigated land area using high- and moderate-resolution remotely sensed data.��

4.11  Topography
A vast range of land-related applications need height information, as highlighted in this report and also by other 
IGOS themes such as Geohazards, Water and Cryosphere3. Topographic information derives from ground or 
remotely acquired data processed with different procedures, depending on the original acquisition device (tying to 
existing geodetic networks, correcting for acquisition times and local errors, reconstructing geometric/geophysical 
properties of the acquisitions, interpolating, etc.). This explains why formats in which topographic information 
might be expressed can range from height points to contour lines, to TINs, to grids, etc. This section will focus 
on Digital Elevation Models (DEM), which is the generic term for a representation of heights on a regular grid. 
Within this category, two subcategories may be identified depending on the type of surface represented: 
Digital Terrain Model (DTM, a “bare-earth” DEM which refers to the heights of underlying Earth) or Digital Surface 
Model (DSM, a “top-of-canopy” or “top of buildings” DEM). Availability of information related to both surfaces 
allows computation of relative heights, and therefore volumes, and is of particular interest to urban applications.

Currently available global topographic data sets have relatively coarse resolutions (90 m to 1 km) and were 
derived from spaceborne observations (SRTM), from ground observations (GTOPO30) or from a mixture of ground, 
airborne and satellite observations (GLOBE or ACE, the latter resulting from the combination of spaceborne 
altimeter data with GTOPO inputs). Finer-resolution data sets already exist, for instance acquired by SRTM (C 
band at 30-m resolution), but they have not been released worldwide. DEMs derived from the DLR/ASI X-band 
radar onboard SRTM (30 m resolution) also exist, but they do not uniformly cover the Earth.

4.11.1  Observation needs and technical requirements
Many calls have been made for improved topographic maps of the world, such as the “Global Map” at a scale of 1:1 
million proposed by the International Steering Committee for Global Mapping, with an effective resolution of 1 km. 
Standards dealing with quality and accuracy of topographic data sets already exist (e.g. DTED-2 defined from NIMA 
(now NGA) has a post spacing of 1 arc second -approximately 30 m), and a global topographic data set with such 
resolution would be welcomed by the IGOL community. This would in fact provide natural resources managers and 
decision-makers, modellers and scientists with information well suited to their standard scale of work. In addition, 
many local topographic data sets might be improved by such global data sets, as has already happened in the past 
for regional DEMs, when global ACE helped in correcting discrepancies. If this data set can not be released, then 
other sources for the creation of a 30-m spacing data set, such as the use of ASTER data, should be explored.

It has to be noted, however, that in areas with little topographic variation, such as coastal zones and flood plain 
areas, there is a need for topographic information with much higher resolution (of the order of 1 m), because of 
the impact of small topographic variations on the likelihood of flooding.

Besides resolution and accuracy issues, temporal requirements for updates and delivery may vary. “Recent” 
information is requested from the modelling, planning and management communities (e.g. floodplain management, 
environmental and microclimate studies), whereas “up-to-date” information, instantaneously delivered, is necessary 
for disaster and relief management, mapping for humanitarian aid or market-related applications. Products directly 
derived from topographic data sets are relevant for hydrologic parameters extraction and soil information systems, 
as well as for geomorphological analysis. 

In addition, a key issue for all the land sub-themes is the additional benefit offered by availability of 
distributed and accurate topographic information. This enables orthorectification of remotely sensed 
data, hence facilitating geographical intercomparison of various data sets and the creation of products that do not 
need additional processing for ingestion in GIS or for data fusion.
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