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Foreword

This GTOS Planning Report was prepared by the ad hoc Scientific and Technical Planning
Group for GTOS, Chaired by Dr. David Norse at the request of the GTOS Co-sponsors.
The report, which was presented to the Co-sponsors meeting in January 1996, will provide a
foundation for the development of a long-term GTOS strategy and successive work plans.
As a first phase in the establishment of GTOS a Secretariat has been set up, hosted by FAO,
and a Steering Committee is being formed to provide programme guidance and scientific and
technical advice.
The success of GTOS will depend on adequate funding. This issue is being addressed by the
Co-sponsors.

The Co-sponsors, June 1996

i

Contents
Foreword ....................................................................................................................................i
Preface ................................................................................................................................... iii
Acknowledgements ..................................................................................................................iv
Executive Summary..................................................................................................................v

Part One
I. Why Do We Need a GTOS? .................................................................................................2
II. What Will GTOS Do? .........................................................................................................9
III. How Will It Be Organised? .............................................................................................15
IV. How Much Cost, How Much Gain?................................................................................20
V. Where Do We Go from Here? ..........................................................................................24

Part Two
I. User Needs ...........................................................................................................................28
II. Products and Services .......................................................................................................31
III. The Observing System.....................................................................................................31
IV. Data Management, Access and Harmonization ............................................................56

Annex 1: Planning Group Members.....................................................................................78
Annex 2: Participants in GTOS Workshops and Other Contributors..............................79
Annex 3: Reviewers ................................................................................................................81
Annex 4: Terms of Reference, Structure and Functions of the Ad Hoc Scientific an
Technical Planning Group for the Global Terrestrial Observing System ........................82
Annex 5: Potential GTOS Variables.....................................................................................85
Annex 6: Prospective GTOS Sites.........................................................................................90
Annex 7: Acronyms ................................................................................................................99
Annex 8: Derivation of Cost Estimates...............................................................................102
References..............................................................................................................................106

ii

Preface
This proposal for a Global Terrestrial Observing System (GTOS) has been prepared by the ad
hoc Scientific and Technical Planning Group appointed in late 1993 by five co-sponsors - FAO,
ICSU, UNESCO, UNEP and WMO (Annex 1). Its work has been helped by numerous
international colleagues, notably those who attended workshops or provided individual inputs
(Annex 2), and/or took part in the external review of the penultimate draft (Annex 3). It has
been prepared in accordance with the terms of reference given by the co-sponsors (Annex 4). It
draws primarily on the findings of three GTOS Working Groups (on the observing system, data
management and support to developing countries), on the joint GCOS/GTOS Terrestrial
Observation Panel, and on the report of the Fontainebleau workshop (Heal et al 1993) which
was the first major step in the GTOS preparatory process.
The Planning Group has made five main assumptions in preparing this proposal:
•

That the objective is to provide a strategic plan. Thus it is framed around examples, without
attempting to provide the detail which will have to be introduced in operational plans to be
developed later.

•

That balanced consideration must be given to national and regional development needs and
to the needs of the international scientific community.

•

That GTOS would be implemented progressively over a number of years, with relatively
low expenditure in the early stages and the use of pilot activities.

•

That GTOS would be built largely from existing research and observational activities.

•

That it should be designed to complement the other global observing systems, GCOS and
GOOS, with the maximum use of common procedures. Examples are for data management
and space observations, and in joint modules for the land-climate and land-coastal zone
interfaces.

The proposal is in two parts. Part I presents the background and justification, the scope and
conceptual framework for GTOS, the benefits and costs, and finally suggestions on the
implementation. Part II sets out the proposal in more detail through six sections covering user
needs, GTOS products and services, the observation system including site and variable selection
and networking, data management and harmonization, support to national partners, and the
coordination framework. The two parts are preceded by an executive summary.

David Norse
Chairman, ad hoc Scientific and Technical Planning Group
for a Global Terrestrial Observing System
December 1995
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Executive Summary
The objectives of the Planning Group’s proposals are to:
•

Make the case for the establishment of a Global Terrestrial Observing System –Why do we
need a GTOS?

•

Recommend its primary functions - What will GTOS do?

•

Present options for its operation - How will it be organised?

•

Outline the main costs and benefits - How much cost, how much gain?

•

Suggest what needs to be done - Where do we go from here?

Why Do We Need a GTOS?
Terrestrial ecosystems are the foundation of social and economic well-being because they are
the main source of food and other basic needs. They also play a vital role in the regulation of
atmospheric, biogeochemical and hydrological processes. Yet we do not know how, where and
over what time frame humankind is endangering terrestrial and freshwater ecosystems including
coastal zones. We do not even fully understand the role of these ecosystems in global processes.
In particular, we cannot answer five inter-related questions central to sustainable development:
•

Food and renewable resources: can the land feed another 5-6 billion people?

•

Fresh water: where, when and by how much will demand exceed supply so as to cause
supra-national problems?

•

Toxins: do they or will they cause major trans-boundary threats to human and
environmental health and the capacity of ecosystems to detoxify them, and if so where and
when?

•

Biological diversity: where and what type of biological resources are threatened with loss,
and where will these losses irreversibly damage ecosystem function or socio-economic
progress?

•

Terrestrial ecosystems: where, when and how much will they change in response to global
atmospheric, climate and land-use changes, and how will this impair their capacity to
sustain life?

Such questions have led nations to sign the climate change, biodiversity and desertification
conventions, to adopt Agenda 21 and other actions relating to deforestation and environmental
protection in general. Many of these conventions and actions require better terrestrial
observation data, but the international community has yet to establish the means of obtaining
them.
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We lack spatially and temporally comprehensive data on the physical environment, on
terrestrial ecosystem processes, and on the socio-economic driving forces that are changing
them. There is no global mechanism for the collection of compatible data, and so there is a
critical gap in the current observing systems for climate (GCOS) and the oceans (GOOS).
Consequently, we cannot determine whether major policy changes are needed now and at high
economic and social costs, or if both the impacts and the correction processes are longer term.
Without GTOS, we will continue to see major investment in non-compatible systems, a
consequent data or data integration gap, and a lack of support for international conventions.
With GTOS we will be better placed to identify pressure points and determine how best to use
Earth’s resources to achieve sustainable development.
What Will GTOS Do?
Given the above questions, the central mission of GTOS should be to provide the data needed to
detect, quantify, locate and give early warning of changes (especially reductions) in the national
or global capacity of terrestrial ecosystems to support sustainable development and
improvements in human welfare. It should also help advance our understanding of such
changes.
These objectives should be accomplished through an integrated and equitable partnership of
data providers and users that meets both the short-term needs of national governments and the
longer-term needs of the global change research community. GTOS’s focus should be on five
key development issues of global concern:
•

Land use change, land degradation and the sustainability of managed ecosystems

•

Water resources management

•

Pollution and toxicity

•

Loss of biodiversity

•

Climate change.

GTOS should be directed at specific needs and at overcoming the deficiencies in the existing
global and regional observational systems. It should not be directed at data collection for its
own sake, and research should not be a major function, though it should help to identify
research needed to improve observational and information systems. But GTOS should support
research programmes and collaborate with IGBP, DIVERSITAS and others in the assembly of
appropriate data sets.
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To make a unique contribution to our ability to manage the planet wisely, GTOS must:
•

Be global in scope, meaning both that its coverage is comprehensive (but regionally
balanced and resolved) and that it should address phenomena that are global in their nature
or impact

•

Provide continuity of information collection over the long-term - periods from years to
decades which are consistent with the rate at which global processes occur in order to detect
trends sensitively and in a timely fashion

•

Be an integrated system in which the separate pieces of information add to each other’s
value. For example, GTOS data must not only detect and describe changes, but allow them
to be understood and predicted.

How Will It Be Organized?
GTOS should operate on the basis of a partnership of partnerships formed largely from existing
sites and networks (plus others like WHYCOS which are in the process of development), and
on present and planned remote sensing systems. Implementation should be essentially
bottom-up, with GTOS providing the framework within which the output from the space-based
Earth Observing Systems and the existing databases such as GEMS/Water and the Global
Runnoff Data Centre (GRDC) can be integrated with in situ observations. Actions should be
both direct and catalytic. The core of the proposed system is a hierarchical sampling strategy,
with four tiers of decreasing complexity and frequency of in situ observations and a fifth tier to
provide global coverage largely through satellite remote sensing. At one extreme, detailed data
is collected almost continuously at a few large sites and, at the other, a large number of small
systematically located sites are sampled at intervals of five years.
The establishment of such a hierarchy and the data management and exchange system to
support it should be undertaken by a Central Coordinating Unit (CCU) with some international
secretariat functions. The CCU should be linked to regional and national bodies of variable
form and structure, since they should evolve in response to user and provider initiatives rather
than being part of a pre-set structure. The CCU should have two guidance mechanisms - a
Steering Committee for strategic considerations and a Technical Advisory Group - plus some
40-50 corresponding members who would contribute to and/or comment in writing on
proposals for the implementation of GTOS. In addition, ad-hoc or permanent supporting bodies
should be established to guide the development of operational plans for particular functional or
thematic components of the programme. As far as possible, these bodies should be joint
activities with GCOS and GOOS.
Guiding Principles
Guiding principles for GTOS’s data management system should be common to or compatible
with those for GOOS and GCOS. The data management system should be constructed, as far as
possible, using off-the-shelf application tools and existing or planned communication systems.
It should be sufficiently flexible to incorporate or link to data sets originating outside GTOS,
since GTOS may not hold much of the data but provide an access mechanism for dispersed data
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sets. Data links between the centre, the regions and other data centres would be primarily
electronic with magnetic and optical disks as a parallel alternate system, especially during the
transitional period.
How Much Cost, How Much Gain?
A substantial proportion of the required infrastructure is already in place and funded, so the
incremental costs of the proposals will be low compared with those for a totally new system.
The operating costs of existing terrestrial observing systems are over US$300 million. GTOS,
on the other hand will initially cost less than one million dollars per year possibly rising to about
US$3.4 million after five years.
The cost of launching GTOS should be phased over five or ten years, and built up in a modular
fashion. This would permit multiple financial mechanisms to operate, with individual donors
supporting those modules that are consistent with their issues or regional priorities. In the early
stages, average annual operating costs could be some US$700-850k for the CCU, guidance
bodies, and initial actions to link existing monitoring sites and networks. During the first five
years the operating costs of strengthening and extending these activities, and some capital costs
would rise to about US$5 million. In the medium-term total costs could rise to around US$12
million if the resources can be found to extend regional activities, improve some existing sites
and to fill gaps in the spatial coverage of monitoring sites.
The proposed activities would improve the returns from major investments in independent in
situ observation systems by providing complimentary regional or global data, and in earth
observation satellites and remote sensing devices by providing comprehensive ground truthing.
The drawing together of existing but disparate databases, sites and networks into a common
framework with the standardization or harmonization of measurements and terminology would
increase substantially the usage and value of such data and information. The GTOS activities
would support global change research programmes by contributing to the refinement,
calibration and validation of the GCM, ecosystem and carbon cycle models.
The provision of globally comprehensive and timely data on anthropogenic impacts on
terrestrial ecosystems will help UN agencies - and the secretariats of the Climate, Biodiversity,
Desertification, Ozone and other conventions and treaties - to fulfil their mandates. It will also
help them and multi-lateral donors advise their member governments on priorities for
sustainable development.
National benefits include support to planning, natural resource management and environmental
agencies, opportunities for staff training, promotion of contacts and interactions between
scientists of participating nations, and greater access both to new technology for environmental
assessment and management and to financial support catalyzed by GTOS. The strengthening of
national terrestrial ecosystem monitoring should make a contribution to more general
socio-economic development by helping to identify opportunities for - and undesirable
consequences of - development projects at all scales. GTOS would help countries add the global
dimension to national environmental strategy formulation, obtain data for national global
research programmes, develop better policy planning tools and meet reporting obligations under
the post Rio conventions.
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Where Do We Go From Here?
The Planning Group recommends the progressive implementation of GTOS, starting in 1996
with a five-year programme. Priority in 1996 should be given to:
•

Finding an institutional home for GTOS

•

Establishing the institutional framework and some of the operational mechanisms

•

Completing a more extensive dialogue with potential users of GTOS data and information
to determine their priorities

•

Starting a consultation process with potential partners already involved in global data
management and harmonization or operating global, regional, national or sectoral systems
and networks or sites

•

Setting up a pilot framework drawing together a sub-set of existing observing systems

•

Launching data management and harmonization procedures

•

Developing the detailed operational plans for later stages of implementation

•

Obtaining the supplementary funding for future development of GTOS from multi- and
bi-lateral donors and other institutions.

Over the following four years, a start should be made on upgrading existing sites and filling the
most urgent of the gaps in the geographic, biome or crop coverage of natural and managed
terrestrial ecosystems, and promoting regional bodies.
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Part One: Towards a Basic Proposal

I. Why Do We Need a GTOS?
We, and all the other living organisms on this planet, exist within a relatively narrow
range of physical and chemical conditions. The geological record shows that these conditions
are self-regulating to a degree, but that they are not guaranteed to remain within tolerable
limits.
It is clear that the human species has altered both the global land surface and the
composition of the atmosphere, but we do not know how much change can be tolerated before
the processes on which we depend, such as the global climate, adjust to a new state which
may make it impossible to meet our basic needs.
Even more fundamentally, we lack globally comprehensive environmental observation
systems to provide the data essential for sound policy formation and planning. The data gaps
lead scientists to draw opposing conclusions on whether certain impacts of global change on
terrestrial ecosystems will be negative or positive. For example, there are strongly differing
views as to whether anthropogenic impacts are going to have regional or global consequences
for food production in the next 10 years or the next 100 years.
This proposal for a Global Terrestrial Observing System (GTOS) is therefore designed
to correct these weaknesses, and to improve our ability to manage the planet wisely for future
generations. It is founded on six critical facts:
1/ There are a number of today's environmental problems that are global in nature, or at least
are so common to nations that they amount to global problems.
2/ These environmental problems are frequently caused or reinforced by unsustainable landuse and other anthropogenic impacts on terrestrial ecosystems including unmanaged
‘natural’ ecosystems, managed agro-ecosystems and freshwater aquatic ecosystems.
3/ We lack the data to detect, monitor or understand (a) how, where and over what time frame
we are endangering terrestrial ecosystems and (b) the role of terrestrial ecosystems in
global processes like climate change. In particular, there is no existing observing system
which can provide the baseline against which future changes can be assessed with a high
degree of confidence.
4/ Global change phenomena including those relating to sustainable development are
generally interactive, long-term in their expression, and supra-national or supra-regional in
their extent or impacts. However, existing observing systems to detect and help understand
these phenomena are generally sectoral and only weakly integrated, sub-global in practice
though their objective may be global coverage, and focused on the short-term.
5/ Increased remote sensing capabilities and coverage plus technological progress in site
instrumentation and electronic data handling and transfer now provide cost-effective means
of overcoming the deficiencies in existing observing systems.
6/ Much of the terrestrial data collection is for biophysical research. It is not matched by the
collection of socio-economic data on the driving forces for ecosystem change, and there is
insufficient focus on their use in policy formulation and implementation.
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Whilst the need for integrated and systematic terrestrial ecosystem monitoring has been
recognized for more than one hundred years, there was no substantive international action to
achieve it until the early 1970s. The Stockholm Conference on the Human Environment in
1972 catalysed a number of monitoring activities, particularly Earthwatch and the Global
Environment Monitoring System (GEMS), which have made a positive contribution. But
collectively they fall well short of what is required. Most of these activities are sectoral and
lack the resources to be truly global. Their sectoral nature, limited geographical coverage,
lack of integration and generally short-term duration prevent or limit the determination of
changes in the magnitude, trends, interactions and synergisms in terrestrial processes that may
be discontinuous in space and time. These changes must be identified, measured and
understood to provide a sound basis for national and international policies addressing global
change problems. UNEP/HEM has catalogued over 80 independent activities which are partly
or wholly designed to monitor terrestrial ecosystems or components thereof (Tsai-Koester
1994). Individual UN agencies are responsible for some of these activities, and regional or
national bodies extend the depth, breadth and continuity of such activities, but there is no
overall framework into which they can fit. Yet these existing activities could provide a
spatially extensive and cost-effective foundation for GTOS. There are more than 3,000 funded
and operational sites of potential relevance to GTOS, which are engaged in terrestrial and
freshwater monitoring at various levels (Table 1).
It should be noted that progress has been made in establishing a comprehensive Global
Climate Observing System (GCOS), and parts of a Global Ocean Observing System (COOS).
Terrestrial and freshwater ecosystems, however, which are a key factor in both GCOS and
COOS (particularly regarding the coastal zone), and are vital to human survival and global
processes, are seldom observed other than at the local level.
Quantitative and qualitative improvements in terrestrial ecosystem data collection are,
therefore, vital for better natural resource planning and early warning of global change, and its
regional and local implications. Key improvements include data on the spatial extent of
terrestrial ecosystems, the inherent variability of ecosystem function and structure, and the
direct and indirect effect of human activities on ecosystem processes and responses together
with the other gaps given in Box 1.
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Table 1 Global distribution of some ecosystem monitoring sites of potential relevance to GTOS. In brackets ( ):
number of sites which have expressed interest in contributing to GTOS (Tab. 10).

Source: calculated from Reid and Edwards 1995 and Tab. 8, 9 and 10.
Number of sites
Terrestrial Fresh water
North America
502
South America
73
Central America & Caribbean 37
Sub-Saharan Africa
134
North Africa & Middle East
50
East Asia
93
South Asia
46
North Eurasia
Europe
1713
Greenland & Arctic
3
Australia & New Zealand
57
Oceania
4
Antarctica
4
Total

2748

(87)
(10)

North America
South America

(14)

Africa

(38)

Asia

(174)
(5)

Europe
Australia/NZ

(347)

77
31
3)
95
5)
51
9)
32
332
2)
23

609

Box 1 Some critical data gaps
• Systematically collected, compatible and geo-referenced land-cover and land-use data
that can provide accurate information on their rates of change of use;
• Data on socio-economic driving forces which can be associated with the above;
• Land degradation and changes in soil properties and their contribution to global
change processes including carbon sequestration;
• Integratable field, watershed, water basin and estuarine data on soil erosion rates,
deposition within the landscape, sediment loads and inputs to the coastal zone;
• Reliable and globally comprehensive data on snow cover, snow pack and soil
moisture for climate prediction;
• Adequate measurements of carbon flux between the land and the atmosphere;
• Reliable and comprehensive data on other greenhouse gas fluxes;
• Ozone and other toxic gas concentrations;
• Data to determine changes in biodiversity and ecosystem function.
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These improvements are also essential for the derivation of sound indicators of changes in the
quality of natural resources (e.g. soil and vegetation). Such indicators can play an important
role in assessing the effectiveness of natural resource management policies, and in guiding
financial resource allocation at the national and international level, for example by indicating
to Ministries of Finance or to the Global Environment Facility the relative importance of
competing demands on their funds.
This proposal builds upon the suggestions made at Fontainebleau in 1992 (Heal et al 1993),
but shifts the balance of emphasis to bring them more closely in line with needs of the
Rio
Declaration and Agenda 21.
In particular it addresses two concerns:
1/ It gives more consideration to managed agro-ecosystems. Much of the available evidence
points to a slowing down of the direct anthropogenic pressures on natural ecosystems at the
global level and continental level, but an acceleration of those on existing agro-ecosystems
through rapid population and/or income growth. For example, much of the land well suited to
agriculture is now in use. Consequently, pressures on natural ecosystems from deforestation
and other forms of agricultural land extension are projected to slow down over the next 25-40
years to about a quarter of a percentage point per year (Alexandratos, 1995), though still with
severe problems at the local and regional level. However, pressures on biogeochemical cycles
from agricultural land-use intensification seem likely to increase as growth in crop yields,
cropping frequency, and input use have to compensate for the lack of new land to exploit.
2/ It gives more thought to the needs of the developing countries and to policy planners,
rather than concentrating on those of the scientific community, but without ignoring the vital
role of the latter in the policy planning process.
Our Dependence on Terrestrial Ecosystems
Terrestrial Ecosystems are the foundation for social and economic well-being because they
provide:
• The primary and largely irreplaceable source of food, fuel, and materials for clothing and
shelter;
• The main source of employment, income and material welfare for about half the world's
population. For many developing countries, they are the dominant economic sector through
commodity exports or tourism;
• Sources of freshwater for drinking, irrigation and industry;
• The major source of nutrients (and also pollutants) for coastal zones and the oceans. They
influence fisheries productivity - the other main source of food and provide employment to
millions of fishermen, fish processors and retailers;
• The home for much of the genetic diversity that sustains current agricultural systems and
that provides the basis for predictable future natural resource needs and insurance against
unknown new threats which may arise to human health and agricultural systems;
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• Visual beauty and recreation.
Terrestrial ecosystems are also the major drivers for the atmospheric, biogeochemical and
hydrological processes that shape and govern life on earth. In particular they:
• Play a primary role in soil formation and maintenance;
• Are a co-determinant of the surface energy balance through reflection, absorption,
transmission, and transformation of radiative energy from the sun, and of the global
hydrological cycle;
• Affect the storage and flow of surface and groundwater resources, and influence their
quality;
• Are a source and sink for greenhouse gases, and provide major pathways for and
influences on biogeochemical cycles;
• Receive, filter, buffer and transform nutritious and hazardous anthropogenic materials.
Reducing uncertainties about the sustainability of
terrestrial ecosystems
There are uncertainties about the ability of terrestrial ecosystems to sustain current production
of food and other goods and maintain environmental services. There are even greater
uncertainties about their ability, to meet and sustain indefinitely, the growing material and
welfare needs and expectations of a human population which could double by 2050, in
association with a possible quadrupling of per capita incomes over the same period.
Uncertainties surround the very basic question as to what is the sustainable populationsupporting capacity of the world. Some argue that it is 8 billion (Meadows et al 1992), which
is clearly not compatible with the levelling off of global population currently projected at
between 10 and 12 billion by the year 2050 (UN 1994). Others calculate that land-based food
production could support a population considerably greater than 12 billion, even with an
environment-oriented agriculture that minimizes the use of mineral fertilizers and pesticides
(De Vries et al 1995).
These concerns and uncertainties about the ability of terrestrial ecosystems to meet future
global needs are repeated at the local and regional level, where it has been suggested that
population pressures are bringing terrestrial ecosystems to the point of collapse. In Southern
Africa, for example, some analysts conclude that overgrazing is causing widespread erosion
and rangeland degradation beyond the point of recovery. Other analysts - using more dynamic
models with fuller representation of soil types and ecological processes - conclude that current
livestock populations and productivity can be sustained for some 200 years (White 1992, Biot
1993). Such differences arise in part from lack of basic data, and will continue until there is
regularly collected and compatible data on land cover and land-use change, rates and extents
of land degradation, and shifts in ecosystem structure and plant productivity through soil
erosion.
Such uncertainties are a major constraint to development strategies and policy planning at all
levels from the local to the global. The removal of these uncertainties is highly dependent on
6

the type of data and understanding that GTOS is designed to supply, and for which there is no
other adequate mechanism.
Climate change is one of the major areas of uncertainty. Although there is a scientific
consensus within the IPCC that global average temperatures could rise 1.5-4.0 degrees
centigrade by the middle of the next century, there is great uncertainty about the timing,
spatial distribution and impact on terrestrial ecosystems of such a rise. Predictions from the
various General Circulation Models (GCMs) are not in agreement, for example, regarding the
nature of regional shifts and impacts of climate change. It is generally recognized that some of
the refinements required in these models to improve their predictive powers are dependent on
better data on land surface properties, terrestrial ecosystem processes and possible responses
to climate change. Consequently, it has been recommended that GTOS, as part of its support
role to GCOS, should be the primary mechanism for the collection of such data. Moreover,
the uncertainties related to climate change go beyond questions of temperature and moisture
distribution. They include changes in carbon sinks to sources that may affect plant growth,
and alterations to low-level UV-B and ozone concentrations which could have adverse effects
on human health and crop growth.
In addition, the GCMs as with biogeochemical, hydrological, and other global change models,
need to be calibrated more accurately, and coupled more closely with regional or zonal
models, and with ocean circulation models. One of the key requirements for such
improvements is better terrestrial data, especially on land cover and land use change, on trace
gas and dust (including volcanic dust) fluxes from terrestrial ecosystems, and carbon
sequestration. GTOS is the only way of getting comprehensive, continuous, and comparable
data of these types.
Human Capacity Development
Many countries suffer from gaps in their scientific and technical infrastructure, and hence lack
some of the data, technology or trained manpower for sound decision-making. In particular
they are unable to take advantage of today's possibilities for the integration of traditional data
sets with those derived from remote sensing, spatial databases and using global positioning
systems. GTOS would help to overcome these gaps in two main ways:
1/
Through the creation of better natural resource inventories and more reliable
information on the status of terrestrial ecosystems. Many developing countries, for example,
have been unable to prepare comprehensive and accurate land-use inventories for one to two
decades or more. Consequently, they are faced with considerable uncertainties about the area
under forests or major crops, with some estimates being subject to errors well in excess of
plus or minus 50%.
2/ By providing improved access to more advanced monitoring, data management and data
exchange technologies; by increasing the opportunities for the training of their technical and
research staff, and by supporting better links and information sharing between scientists and
policy analysts in countries facing or overcoming similar terrestrial ecosystem problems.
Assisting With International Obligations
A number of international conventions have introduced legal requirements or obligations for
countries to provide data and information relating to terrestrial ecosystems to UN or regional
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bodies. Such data or information can more easily or effectively be obtained through a
mechanism like GTOS, which ensures international comparability (Box 2). These conventions
include those on Climate Change, Biodiversity, and Desertification. GTOS would also greatly
assist the more general reporting on the state of the environment to the Commission on
Sustainable Development and other bodies. For example, GTOS-derived data on land cover,
land use and trace gas fluxes could make an important contribution both to national natural
resource planning and to the fulfilment of greenhouse gas inventory reporting requirements
under the Framework Convention on Climate Change. Recent attempts to prepare such
inventories have been severely constrained by the lack of reliable data.

Box 2 Terrestrial Monitoring Requirements of the Post-Rio Conventions
CONVENTION ON BIOLOGICAL DIVERSITY
Article 7. Each Contracting Party shall:
(b) Monitor, through sampling and other techniques, the components of biological diversity
identified pursuant to subparagraph (a) above, paying particular attention to those requiring
urgent conservation measures and those which offer the greatest potential for sustainable use;
(c) Identify processes and categories of activities which have or are likely to have significant
adverse impacts on the conservation and sustainable use of biological diversity, and monitor
their effects through sampling and other techniques; and
(d) Maintain and organize, by any mechanism, data derived from identification and
monitoring activities pursuant to subparagraphs (b) and (c) above.
FRAMEWORK CONVENTION ON CLIMATE CHANGE
Article 4. All Parties... shall:
(a) Develop, periodically update, publish and make available to the Conference of the Parties,
in accordance with Article 12, national inventories of anthropogenic emissions by sources and
removals by sinks of all greenhouse gases not controlled by the Montreal Protocol, using
comparable methodologies to be agreed upon by the Conference of the Parties;
(g) Promote and cooperate in scientific, technological, technical, socio-economic and other
research, systematic observation and development of data archives related to the climate
system and intended to further the understanding and to reduce or eliminate the remaining
uncertainties regarding the causes, effects, magnitude and timing of climate change and the
economic and social consequences of various response strategies;
(h) Promote and cooperate in the full, open and prompt exchange of relevant scientific,
technological, technical, socio-economic and legal information related to the climate system
and climate change, and to the economic and social consequences of various response
strategies.
CONVENTION TO COMBAT DESERTIFICATION
Article 16. The Parties agree, according to their respective capabilities, to integrate and
coordinate the collection, analysis and exchange of short term and long term data and
information to ensure systematic observation of land degradation in affected areas and to
understand better and assess the processes and effects of drought and desertification.... To this
end, they shall, as appropriate:
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(a) facilitate and strengthen the functioning of the global network of institutions and facilities
for the collection, analysis and exchange of information, as well as for the systematic
observation, at all levels, which shall, inter alia:
(i) aim to use compatible standards and systems;
(ii) encompass relevant data and stations, including in remote areas;
(iii) use and disseminate modern technology for data collection, transmission and assessment
on land degradation; and
(iv) link national, subregional and regional data and information centres more closely with
global information sources;
(c) support and further develop bilateral and multilateral programmes and projects aimed at
defining, conducting, assessing and financing the collection, analysis and exchange of data
and information, including, interalia, integrated sets of physical, biological, social and
economic indicators.
Complementing and Improving the Returns to Major Investments
There are two major investments where the gains could be particularly, important. First, there
are those in existing terrestrial ecosystem monitoring, where the lack of internationally,
agreed protocols and terrestrial ecosystem classifications result in large national or even subnational data sets which are not compatible, and therefore cannot be used collectively for
global analysis. The harmonization of data sets that could be achieved through GTOS would
help to overcome this problem, and make it easier to place national data into their regional or
global contexts. Second, the hierarchy of 'standardized' monitoring sites for in situ
observations proposed later, and particularly the statistically representative series of some
10,000 less intensive sites, could provide a permanent ground truthing system for the vast
current and planned investments in earth observation satellites. Such sites could play a very
important role in the calibration and performance monitoring of satellite borne sensors.

II. What Will GTOS Do?
The scope of GTOS is set in two ways. First, by certain key development issues and second
by its defining characteristics.
The development issues are questions and uncertainties of global concern that face natural
resource use planners, other decision makers and the research community. They are
influenced by the deficiencies in the existing observational systems.
The Planning Group (PG) made an assessment of key global change and national
development issues along thematic lines, because GTOS must be directed at specific needs
and not at data collection for its own sake. These issues primarily concern anthropogenic
impacts on terrestrial ecosystems, and particularly:
• Land-use and land-cover change, land degradation and the sustainability of managed
ecosystems;
• Water resources management;
• Pollution and toxicity;
• Loss of biodiversity;
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• Climate change.
These issues are considered in depth in Part II, together with an assessment of the main data
and information gaps. In the light of this assessment the PG proposes that five key questions
vital to sustainable development should receive priority in the determination of the scope of
GTOS (Box 3).
Box 3 Five key questions which GTOS must help to address
• Food and renewable resources: how much spare capacity does land have to support
additional demand, and where is it?
• Fresh water: where will quantitative or qualitative demands exceed available supply,
when and by how much?
• Hazardous substances: where and when do they reach a level threatening human and
ecosystem health and the capacity of ecosystems to detoxify them?
• Biological diversity: where and what type of biological resources are threatened with
loss, and where will these losses irreversibly damage ecosystem function?
• Terrestrial ecosystems: where, when and how much will they alter in response to
resource use, land use and atmospheric (including climate) changes, and how will this
impair their regulatory functions capacity to sustain life?
The scope for GTOS is also set by its defining characteristics. In order to make a unique
contribution to our ability to manage the planet wisely, GTOS must have three defining
characteristics (Box 4).
Box 4 Three defining characteristics for GTOS
• It must be global in scope, meaning both that its coverage should be comprehensive
and it should address phenomena that are global in their nature or impact;
• It must provide continuity of information collection over the long-term i.e. periods
from years to decades which are consistent with the rate at which global processes
occur in order to detect trends sensitively and in a timely fashion;
• It must be an integrated system in which the separate pieces of information add to
each other's value. For example, GTOS data must not only detect and describe
changes, but allow them to be understood and predicted.

These two sets of determining factors (Boxes 3 and 4) shape the GTOS mission statement
(Box 5), and set the guiding principles for the design of the observing system itself.
There is one other issue regarding scope which needs to be addressed - the extension of
GTOS to cover socio-economic driving forces. The PG believes that socio-economic factors
must become an important part of GTOS as they are the major driving force for changes in
10

terrestrial ecosystems. It is increasingly recognised that improvements in our understanding of
terrestrial ecosystem change, and in the predictive powers of GCMs and other global change
models, are critically dependent on the greater integration of the data on and the analysis of
socio-economic driving forces and the biophysical and biogeochemical responses. GTOS
should therefore make a major input to this integration, and may be the only practical way of
assembling the required integrated data sets.
The development of GTOS should be closely coordinated with national and international
activities, e.g. CIESIN and HDP, to assemble socio-economic databases.
This coordination should give priority to reaching agreement with the main parties concerned
on (a) the key, anthropogenic variables to be measured (population distribution, incomes, and
related factors like road infrastructure) and with what spatial and temporal resolution; and (b)
protocols and other measures to ensure that the terrestrial and socio-economic databases can
be fully, integrated.
Box 5 GTOS Mission Statement
The central mission of GTOS is to provide policy makers, resource managers and
researchers with the data needed to detect, quantify, locate and give early warning of
changes (especially reductions) in the capacity of terrestrial ecosystems to support
sustainable development and improvements in human welfare, and to help advance our
understanding of such changes. It should be accomplished through the development of an
equitable partnership between generators and users that meets both the short term needs of
national governments and the longer term needs of the global change research community.
GTOS data collection should have four main objectives:
• Identification and quantification of the natural and anthropogenic factors that affect
terrestrial ecosystem function and structure;
• Determination of the relative importance of these factors at the national, regional or global
level and their interactions;
• Distinguishing short-term natural variations or perturbations from long-term changes of
anthropogenic origin;
• Assisting modelling and multidisciplinary dynamic analysis of possible future changes in
terrestrial ecosystems.
These four objectives should be realized by:
• Developing a hierarchical system of representative in situ observation sites and remote
sensing observations that can provide the data essential for the above;
• Building up this hierarchy primarily from existing monitoring networks and sites and
bringing them together in a global network to increase their utility;
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• Supporting the upgrading of site instrumentation and management where appropriate, and
establishing additional monitoring sites to ensure adequate representation of the dominant
or most sensitive managed agro-ecosystems, biomes and ecotones;
• Working to gain international acceptance for a common data management framework with
internationally, accepted protocols and procedures for the collection, harmonization and
free exchange of compatible data;
• Supporting national monitoring systems in training, project preparation and the sourcing of
external financial help.

Guiding Principles
Various principles should guide the design of GTOS. They emerge from scientific
understanding of terrestrial ecosystems, from statistical theory and from the experience gained
with other systems. The principles are related to four issues: sampling design, variables to be
measured, data documentation, and data use. The principles are outlined below and elaborated
in Part II.
Sampling design is important because you cannot measure everything everywhere. It is
neither possible, nor desirable, to have total information. It is, however, essential to sample in
a way that allows reliable inferences to be made about the unsampled remainder Most
processes have a characteristic temporal and spatial rate of variation which can guide the
frequency and location for optimal sampling.
Regarding variables to be measured, it is necessary to first identify the key questions
regarding terrestrial ecosystem change and then determine the core data needed to address
them. The questions should be sufficiently specific to be answerable, but fundamental enough
to be widely relevant. Direct data is preferable, but indirect data collection may be necessary.
It is not enough to know that something has changed: in order to manage that change it is
essential to know what has caused it. No matter how useful the information, the system has to
be, and to remain, affordable at all levels, from local to global.
Data documentation is vital. The data management system must be a comprehensive metadata
system, carrying pointers to where the data is held. Responsibility for agreed quality
assurance procedures should be devolved as close as possible to the point of collection.
If data use is to be properly supported, the observing system must be designed to deliver
useful information at the scale needed to guide decisions: the whole must be greater than the
sum of the parts.
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Conceptual Framework
The requirement for GTOS to be global, integrative and long-term has led to the conceptual
structure illustrated in Figure 1. It is centred on the five broad questions presented in Box 3
which are fundamental to sustainable human development. Each of them clearly has
component questions which must be addressed, for example, on the rates of soil erosion and
the degree of reversibility. Moreover, the major development issues and key questions are
also part of the conceptual framework, since most of them are inter-related are in some way,
and are a largely a function of socio-economic driving forces.

13

Figure 1 GTOS Conceptual Framework
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III. How Will It Be Organised?
GTOS's principal task should be the establishment and then the coordination, operation and
maintenance of an in situ terrestrial observation system. The most efficient way of achieving
this system is by forming a partnership of partnerships based largely on suitably located and
equipped existing sites and networks such as CERN, LTER and ROSELT. This core activity
should be formally linked to complementary activities, notably:
• On-going media related systems like GAW, GEMS/AIR, GEMS/WATER and GRDC, and
those like WHYCOS which are in the process of development;
• Ecosystem conservation focused activities e.g. the MAB Biosphere Reserves and WCMC;
• Present and planned remote sensing programmes of CEOS including the Pathfinder
Project.
Implementation should be essentially bottom-up with GTOS providing the framework, within
which the output from (a) the space-based Earth Observing Systems, and (b) the existing
databases such as GEMS/WATER can be integrated with land use and related data from other
sources. Observations should be centred on providing the data required for
nations/international agencies to improve their assessment of the extent and sustainability of
terrestrial ecosystems, to give early warning of major threats to global development and
welfare and hence to increase the time available for mitigation. Actions should be both direct
and catalytic, for example, by influencing decisions of CEOS and individual space agencies
regarding remote sensing activities and sensors.
Wherever possible, common procedures and common modules should be established with
GCOS and GOOS, for example in methods of data management and space data collection,
land-climate (with GCOS) and land-coastal zone (with GOOS) modules respectively.
Research should not be a major function of GTOS. Instead it should support research
programmes and collaborate with IGBP (e.g. BAHC, GCTE, LOICZ, LUCC), WRCP,
DIVERSITAS and others in the identification and assembly of appropriate data sets or their
precursors. However, some research may be necessary into the transformation of data into
products suitable for under-resourced users, which could be done by the coordinating unit,
through external contracts, or by collaborating institutions on behalf of GTOS. It may also be
necessary to encourage technical studies, for example to improve instrumentation.
The main actions to achieve the above are outlined below and detailed in Part II of the
proposal.
Lead Agency
It is preferable that one organisation should take overall responsibility for the implementation
of GTOS. The main options from amongst the UN agencies would appear to be FAO or
UNEP, since they both have mandates which require GTOS type of information. But there are
a range of other international bodies that might take on the task. Other UN agencies, public
bodies or NG0s might take responsibility, for particular activities, WMO for hydrological
aspects for example and UNESCO for those biosphere reserves with monitoring capabilities.
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Institutional Framework
The proposed institutional framework is presented in Figure 2. The proposal seeks to achieve
a flexible bottom-up structure founded on the needs and capabilities of a wide range of users
and which is consistent with GTOS's extensive mandate. Complete global or regional
coverage is not envisaged as part of the initial plan. Regional components should evolve in
response to user initiatives at the regional or national level rather than being part of a pre-set
structure.
GTOS should be guided at the strategic level by a Steering Committee (SC) comprising
representatives of the major sponsors and principal collaborators such as IGBP and CEOS,
representatives from each of the main UN regions, and some independent users of GTOS
data.
The Steering Committee should be supported by a Technical Advisory Group (TAG)
composed of some fifteen leading individuals in the fields of terrestrial ecosystem monitoring,
ecosystem and global change modelling, data management natural resource policy planning.
Members would be appointed in their own right and serve for an initial period of three years
and a maximum of six. There should be an acceptable balance in the membership between
managers, generators and users of monitoring information, scientific disciplines and
geographical experience.
The SC and its TAG would be too small to involve the diversity of users and breadth of the
existing terrestrial monitoring networks, who could be regarded as the real owners of GTOS.
The Planning Group therefore recommends that the TAG is supported by some 40-50
corresponding members who would contribute to and/or comment in writing on documents
prepared for the SC. These might include managers of national observing systems and
representatives of IUCN, WCMC and similar bodies, and of major potential users like the
World Resources Institute.
In addition, there would be the need for ad hoc or permanent supporting bodies to guide the
development of operational plans for particular functional or thematic components of the
programme. It is envisaged that these would include bodies for data management and space
observation needs, and could be joint activities with GCOS and GOOS. The selection of
thematic groups could mirror the six issues/themes given on the opening page of this part of
the proposal, and should include the existing GCOS/GTOS Terrestrial Observation Panel for
climate change aspects.
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Figure 2 Proposed GTOS Structure
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Operational Procedures
The organization with overall responsibility for GTOS should establish a small Central Coordinating Unit (CCU) as early as possible and preferably in the first half of 1996. CCU
should comprise two to three professionals in the initial years, building up to five or six
within five years. The organization should introduce the financing of this unit into their corefunded programme by the end of 1998, so as to ensure continuity of operation. The initial task
of the CCU central unit would be to co-ordinate the creation of agreements on data protocols
etc. and the linkage of existing sites and networks into the overall framework.
Regional bodies or contact points should be established to assist the above coordination and to
play a central role in the establishment of cost-effective solutions to national monitoring
requirements. Finance permitting, they could form a repository for pooled resources and
undertake collective or designated actions on problems or technical solutions of common
interests, with training and capacity building as one of their main tasks. The Planning Group
recommends that the regional components should be an emergent property of the system, with
both the number and speed of establishment being agreed by groups of national data providers
and users. Existing bodies such as the START office for Asia or the UNEP regional offices
could help to initiate such actions, and possibly be the centre for regional GTOS components.
In the early stages they could consist of one or two staff based at such existing units.
Similarly, the operational mechanism at the national level should remain flexible so as to
accomodate a range of national preferences.
Site And Variable Selection
Monitoring sites and variables must be selected and prioritized on the basis of clear
conceptual models, development issues and key questions. Specific recommendations are
given in Part II. The observational system should be structured hierarchically in the manner
illustrated in Figure 3, outlined in Table 2, and detailed in Part II. This structure embraces and
extends the hierarchical framework suggested by the GCOS/GTOS Terrestrial Observation
Panel, so as to include other non-climate-change-related observations.
Table 2 A summary of the sampling hierarchy structure. The principle applies to terrestrial unmanaged
ecosystems, agro-ecosystems, lakes, rivers and estuaries. Details of the variables proposed at
each
tier
are contained in Annex 4.

Tier
1/
Large-area
Experiments
and
gradient studies
2/ Long-term research
centres
3/ Field stations

Order of sample numbers
10

Sample area (km2)
1000

100 [40 ecological, 40 10
agricultural, 20 aquatic]
1000 [400 ecological, 1
400
agricultural,
50
rivers, 50 lakes, 50
estuaries)
4/ Periodic, unstaffed 10 000
0.01-0.1
sample sites
5/
Frequent
low 108
0.001-1
resolution
remote
sensing

Example variables
Boundary layer gas
exchange, biome shifts
Energy, water, carbon
and nutrient cycling
Crop yield, ecosystem
productivity, land use

Land cover, soil state
Leaf area
land cover

dynamics,
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A mechanism will be needed to link selected monitoring sites and environmental monitoring
networks into a common framework. There are several options. The PG's preferred option is
for one central coordinating mechanism for all terrestrial ecosystems and operated by the
organization with overall responsibility for GTOS. An alternative if financial and manpower
resources are limiting is to have a linkage mechanism centred on two or more networks, for
example one dealing with long-term agronomic experiments and managed agro-ecosystem
sites, and another dealing with natural, relatively undisturbed ecosystems. The former could
possibly be located at FAO given their mandated role as the UN centre for monitoring forest
cover and land-use, soil status, and mineral fertilizer inputs. The latter could be an extension
of the MAB-Biosphere Reserve network financed and operated by UNESCO, or else
subcontracted to an institution already engaged in ecosystem monitoring.

Figure 3 Tier Structure of Sampling Strategy
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Data Exchange and Harmonization
As already outlined, guiding principles for GTOS's data management system should be
common to or compatible with those for COOS and GCOS.
The data management system should be constructed, as far as possible, using off-the-shelf
application tools and pre-existing or planned communication systems. It should be sufficiently
flexible to incorporate or link to data sets originating outside GTOS, since GTOS may not
hold much of the data but provide an access mechanism for dispersed data sets. Much of the
data system could be on-line, but the data in it need not be immediately up-to-date. A realistic
elapsed time between data collection and its appearance in the data record is weeks to months.
Data links between the centre, the regions and other data centres would be primarily
electronic, with magnetic and optical disks as a parallel alternate system, especially during the
transitional period until all participants have equal access to electronic networks. The user
interfaces should be standard regardless of the medium of data exchange.
Activities should focus on setting up of an information system consisting of:
• Databanks for in situ observations, processed observations, remotely-sensed images and
products derived from them, such as land cover classes;
• A data referral system, which would point to the location and type of data. Such data could
be either within the GTOS system or outside of it;
• Metadata, i.e. descriptions of the origin, method of determination or derivation, quality and
limits to the interpretation of all variables;
• Models, interpretative tools and decision support systems which had passed peer scrutiny;
• Tools for entering, searching, sorting, grouping, summarising, graphing and exchanging
data.
The structure of the data system should be distributed, possibly with a global centre and
regional centres of approximately the same size. There would be standard analysis,
interpretation and reporting functions at both global and regional levels. Large-volume
associated data sets, such as satellite images, would be accessible through the system, but not
necessarily stored manipulated or maintained within it. Similarly, models are not part of the
system, but modellers would draw data from it and return results where appropriate.

IV. How Much Cost, How Much Gain?
The feasibility of GTOS is enhanced by three important facts relating to its short-term
benefits and relatively low costs. First, a substantial proportion of the required infrastructure
is already in place and funded, so the incremental costs are low especially when compared
with the benefits and compared with the costs of a totally new system. Second, it will provide
essential products within five years of its establishment. Third, it would improve the returns
from major investments on earth observation satellites and remote sensing devices by
providing comprehensive ground truthing, and from investments in national monitoring
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activities by increasing the information which can be generated from the same data collection
effort.

Figure 4 Global distribution of some ecosystem monitoring sites of potential relevance to GTOS (cf Table
10, TEMS 1995)

What Will GTOS Cost?
GTOS would start with a tremendous advantage in terms of costs, namely that:
• There are over 2,500 natural and at least 400 long-term agricultural ecosystem sites, that
are already funded at a total cost of over US$ 300 million per year, which undertake
limited through to intensive monitoring relevant to the global change and sustainable
development questions that GTOS must address (Table 1 and Figure 4). About 250 of the
former and 100 of the latter have already expressed interests in becoming part of GTOS.
Many of these sites already monitor at least some and commonly a high proportion of the
recommended core variables. In addition many of them are in national, regional or global
networks which are also funded.
• The main gap in the site hierarchy is at tier 4 (see page 17). Most of these sites do not exist
at present although they have similarities with the some of those in the UK Countryside
Survey, and some agricultural research stations. However, given the limited number of
highly standardized measurements and the proposed five-year sampling interval, the costs
will be low compared with those of the other tiers (see Annex 8).
• Recent technological developments make it financially feasible to improve the
measurement of certain variables, e.g. continuous tower measurements of carbon dioxide,
and possibly methane and nitrous oxide fluxes. Some of these sites already make such flux
measurements, and others plan to do so, and hence a small number of other sites
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enhancements may be required. In the main, enhancement costs will be generated through
the research community rather than by GTOS. In the case of some developing countries,
however, GTOS may need to play a strong supporting role in the search for external
funding.
• World Wide Web already provides a low cost mechanism for data exchange and transfer
for those with access to Internet, and current plans of major software developers could
reduce the cost and widen the number of observing centres and sites that are able to
interact electronically.
• Existing data centres and data management structures could undertake a number of GTOS's
requirements, e.g. the World Data Centres, GRID, WCMC and international centres like
that of NOAA.
• There is substantial flexibility regarding the way that the cost of launching GTOS can be
met. The proposed plan can readily be phased over a number of years, and built up from
modules, such that multiple financial mechanisms could operate, with individual donors
supporting those modules that are consistent with their issue or regional priorities.
Just linking together the existing monitoring sites and networks under a standardized and
suitably harmonized data collection and management system at a cost of US$ 300-500k per
year would provide significant benefits for the scientific community and for the UN agencies
and international conventions whose mandates require such data. But it would not, for
example, provide the improved land cover and land-use data, and the C02 flux information
that many developing countries need. Nor would it provide the spatial coverage of biomes and
agro-ecosystems and the range or temporal frequency of measurements that are required to
improve GCMs and raise their ability to project more accurately the possible timing and
regional impact of climate change.
GTOS could be launched at an average annual operating cost of less than US$1 million for
the secretariat/central coordinating unit, guidance bodies, and initial networking. This would
be less than 0.5% of current expenditure on terrestrial monitoring. It could build up over five
years to about US$3.4 million for operating costs and some US$8.6 million for capital costs if
the resources can be found to extend regional activities, and to fill gaps in the spatial coverage
of monitoring sites in developing countries (Annex 8, Tables 11 and 12). Spatial gaps in the
developed countries are assumed to be funded directly by them. The costs of tier 5, the low
and high resolution remote sensing activities, have not been included. It is assumed that a
large proportion of these tasks are already included in the programmes of other public and
private sector bodies like CEOS and IGBP-DIS, and it is recommended that GTOS
collaborates with GCOS and GOOS in preparing a fully-costed proposal that meets their
combined needs and demonstrates the combined benefits to CEOS and others of these
additional activities.
Costs could be lowered by limiting activities and spreading the implementation over a longer
period. The proposed regional activities, for example, are a substantial part of the costs. The
Planning Group acknowledges that such funding may be difficult to obtain in the current
financial climate, but considers that these activities have a vital role to play in gaining
developing country participation. Initially the regional activities could be coordinated by one
professional plus support staff, with funds for capacity-building activities, like workshops and
training programmes, coming from UNDP or bilateral sources. If they were based at tier 2 or
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3 sites, or at existing institutions like the START regional offices, then they would not need to
establish supporting infrastructure.
There are other implementation options, which have implications for total costs and their
allocation. For example, data management services could be provided through staff appointed
at the central and/or regional level or by sub-contracting the task to existing public or private
sector bodies with the appropriate experience and hardware. Similarly, interested
governments or institutions could post seconded staff to GTOS or provide services in kind.
Benefits at the Global Level
The drawing together of disparate databases, sites and networks into a common framework
with the standardization or harmonization of measurements, terminology and so on would
increase substantially the utility of such information, and greatly improve the financial returns
from existing observation systems. It would greatly assist the existing global change research
programmes by contributing to the refinement, calibration and validation of the GCM,
ecosystem and carbon cycle models that are essential for the detection and early warning of
climate and other dimensions of global change.
The provision of global, timely data on the changes taking place in and resulting from the
anthropogenic stresses on terrestrial ecosystems will help UN agencies, and the secretariats of
the Climate, Biodiversity, Desertification, Ozone and other conventions and treaties to fulfil
their mandates for keeping track of these changes. It will also help them and multi-lateral
donors advise their member governments on priorities for sustainable development, and to reshape their technical and financial support in an appropriate manner.
The widespread participation of developing countries in GTOS is essential for the full
achievement of its objectives. Thus there are substantial global benefits from developing
countries' participation. Such benefits include:
• More comprehensive global data coverage of terrestrial ecosystems. Most global problems
have research needs that are relatively site-specific and local, and to which developing
country scientists will make important contributions;
• GTOS should help to provide globally comparable data that would assist developing
countries in the implementation of international agreements and protocols on
environmental problems.
Benefits at the National/Regional Level
The main benefits would be the following:
• Enhancement of national databases through the addition of new or improved categories of
data/information, for example on land use and land cover.
• Human resources development through training sessions and workshops organized by
GTOS and its regional components, including (a) improved familiarity with modern
measurement and data handling techniques, and (b) through the promotion of contacts and
interactions between scientists of participating nations.
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• Greater access by developing countries to new technology for environmental assessment
and management, and financial support catalysed by GTOS. It is clear that the financial
implications of a full and continued contribution to the achievement of GTOS goals are
substantial for many developing countries, and probably beyond the scope of their present
budgets. It is also clear that the strengthening of their national terrestrial ecosystem
monitoring capabilities can make a major contribution to more general socio-economic
development by helping to identify opportunities for and undesirable consequences of
development projects at all scales. Consequently, GTOS should have a role in the
encouragement of the funding of national monitoring capacity development projects
through the GEF, and other mechanisms.
• Help in adding the global dimension to national environmental strategy formulation.
• Providing data resources for national global research programmes.
• Assistance in policy development by providing data and training for (a) interpretation of
the national state of the environment (b) assessment of the efficacy of existing
conservation systems in natural and managed ecosystems (c) planning of appropriate land
and water management for sustainable development, and for national action plans, as
recommended in chapter 10 of Agenda 21. This requires the enhancement of national land
resource institutions ability to produce and deliver reliable and up-to-date information on
land resources.
• GTOS would help to develop national and regional land cover and land use maps, and
support timely monitoring of changes in land resources (soil, vegetation, water) so as to
identify actual or potential damage to terrestrial ecosystems, and catalyse remedial action
before irreparable damage occurs.
• GTOS would assist developing countries to meet the post Rio conventions obligations and
with their other international obligations relating to environmental reporting (see Box 2
and Part II). Conventions have requirements which many developing countries will find
hard to meet as a consequence of lack of funds and low levels of science and technology.
GTOS can provide this assistance in this assistance in many forms. GTOS could act as a
framework for collaboration. It would assist with data provision, stimulate methodology
development, provide products to improve understanding of processes and help the
assessment of the effectiveness of conventions. It would support national and regional
famine early, warning systems, and help to enhance developing country, involvement in
IDNR and other international programmes (see Part II).

V. Where Do We Go from Here?
The proposed observation system has three particular features that would shape how it is
implemented:
• It is a partnership of partnerships. It provides a global framework within which existing
sectoral or regional partners could come together to assemble data and information on
terrestrial ecosystems;
• It encourages complementarity rather than competition or duplication;
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• It is flexible and incremental.
Seven actions could follow from these features.
First, initiation of a more extensive dialogue with potential users of GTOS data and
information than has been possible by the Planning Group. The objective should be to
determine priorities for their qualitative and quantitative needs, and the form in which
products and services should be supplied. This dialogue should include UN agencies,
international convention secretariats and institutions like the WRI with related reporting or
assessment functions, and users in national planning and resource management bodies.
Second, an extension of the consultation process with potential partners already involved in
global data management and harmonization or operating global, regional or national, and
sectoral systems and networks or sites. This process should include UN-supported bodies like
GEMS, GAW, and GRID; ICSU bodies such as IGBP (including those responsible for large
area experiments and DIS), IUBS, IGU and the World Data Centres; MAB Committees and
Biosphere reserve sites; CGIAR centres; national ecological research groups; NG0s and the
space-based Earth Observing community; HDP, CIESIN and other involved in assembling
socio-economic databases. This process should be allied with actions to complete the
inventory of existing networks and sites.
Third, request that GTOS become an affiliate member of CEOS.
Fourth, extend discussion with the GCOS/JPO on the feasibility of join data and spaceobservation panels.
Fifth, establishment of a pilot framework drawing together a sub-set of existing systems and
sites to test how the five tier sampling hierarchy might operate in practice. This could include
sectoral activities like GEMS/WATER, regional networks like the LTER and national bodies
such as CERN in China.
Sixth, preparation of an operational plan. This should include an elaboration of the linking
mechanisms among existing networks and sites and recommendations for enhancements to
them; and identification of essential extensions to the spatial coverage of GTOS to fill gaps in
biome/agroecosystem/freshwater ecosystem representation.
Seventh, explore the feasibility of a pilot project based on an existing monitoring project to
determine how the tiered approach might operate in practice.
It is envisaged that the GTOS Central Coordinating Unit would undertake the first four
actions in collaboration with the main contributor and user groups, whilst the others would be
done jointly by the central coordinating unit, the technical advisory, group and sub-groups
appointed to help develop specific programme elements, such as the GCOS/GTOS Terrestrial
Observation Panel (TOP). In particular, it is important to build on the progress made by the
TOP in elaborating the climate module, and to establish similar activities with GOOS,
particularly with regard to coastal zones, and possibly GAW.
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Phasing
It is envisaged that the first four actions would be launched and largely completed in 1996.
The other actions might be launched in 1996 but with a target completion date of December
1997 or ‘98. However, the speed of progress would be dependent on the availability of
funding for central activities and regional or site level actions, and the identification and
availability of knowledgeable and motivated people in key countries and regions to press the
case for GTOS. The recommendation for a phased and modular approach should help to
spread out the financial demands and extend the range of potential donors, but could hold
back the availability of data essential for the improvement of natural resource management,
regional predictions of climate change, and by other actions.
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Part II: The Proposal in Detail
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I. User Needs
International Agencies
A number of UN agencies, notably FAO and UNEP, have mandatory responsibilities
regarding terrestrial ecosystem monitoring.
Since its inception FAO has been responsible for collating agricultural land use data, but it is
heavily dependent on its member nations to collect such data regularly and in an
internationally compatible format. Some of them are unable to do so, which has led to large
uncertainties about land-cover and land-use, e.g. the areas of tropical forest, of root crops, and
grazing land.
UNEP has UN system wide responsibilities for state of the global environment reporting, and
yet, as argued in Part I, we do not have the data and information at the right scale, appropriate
temporal frequency to determine what is happening to the global environment. GEMS/Water,
GEMS/AIR, GRID and Earthwatch all make very significant contributions in their respective
areas, but they do not add up to a globally comprehensive picture of environmental trends,
and cannot detect with confidence major pressure points on terrestrial ecosystems.
They - like FAO - lack the globally comprehensive, internationally compatible and
integrateable data sets of both biophysical and socio-economic variables that only a GTOS
type of system can provide.
One potentially very important use of GTOS data is in the production of indicators of
sustainable development for decision making. UN bodies, including UNEP, UNDP and the
DCSD together with SCOPE and various NG0s and supported by a number of governmental
organizations, have been responding to the need for a commonly accepted set of indicators of
sustainable development (UNEP, 1995). These would provide decision makers at all levels
with a sound basis for problem identification and response formulation, and help to support
equitable burden sharing in actions to address global change problems. The development
process for these indicators is not complete, but, of the core set of indicators that have
emerged so far from these activities, GTOS is well - if not uniquely - placed to provide the
data for at least half of them.
International Conventions
The international community has adopted a number of important conventions but has yet to
put in place an observing system that can provide the data that the conventions call for. They
are therefore potentially very important users of GTOS data and products. The most
significant for GTOS are the Post-Rio Conventions, because of their global mandates and
relevance to changes in terrestrial ecosystems. These are:
• Framework Convention on Climate Change (FCCC)
• Convention on Biological Diversity (CBD)
• Desertification Convention (DC).
In addition there are a number of older but less global conventions that could also benefit
from GTOS, e.g. CITES, and the Bonn Convention on Migratory Species. The conventions
contain data and information supply requirements which contracting parties are legally bound
to meet but many developing countries may find them hard to meet. Lack of funds and low
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science and technology capacity are commonly cited by developing countries as major
reasons why they may be unable to implement the conventions satisfactorily. Yet without
widespread, active participation in implementation the conventions won't be effective.
Moreover, the interim secretariats of the conventions are under-resourced and hence are
unable to meet all of the requests for assistance that they receive from developing countries.
Developing country lack of data on terrestrial ecosystems and the changes in them, and their
lack of technical capacity in this area creates three particular difficulties:
• It places them at a disadvantage in negotiating environmental conventions and protocols;
• It limits their participation in the subsidiary bodies on Science and Technology established
by conventions;
• It prevents them from benefiting fully from the application of convention findings and
predictions to their local situation and develop the most appropriate response strategies.
GTOS should be able to help the secretariats to these conventions and participating countries
with data on the relevant terrestrial processes and changes in them. It should help the FCCC
participants to understand, anticipate and prepare for climate changes and its impacts.
Members of the DC who are prone to desertification need to be able to monitor or have access
to monitoring data which permits them to isolate anthropogenic from natural shifts in the
desert margins, and helps them to develop response strategies for the rehabilitation and
prevention of desertification. Eighty per cent of the world's biodiversity is resident in
developing countries, but in general they do not know what they have, and how to conserve it
or use it sustainably.
Specific user needs for the conventions include: area estimates for crops, savannah and forest
burning/clearance (FCCC); spatial and temporal data on land cover from the application of
RS/GIS techniques (DC); help with methodology development for agriculture/land use/forest
data collection and classification (though much of the required action is being undertaken by
other bodies); and assistance with the assessment of the impact/effectiveness of conventions
(Article 7e of FCCC).
Most of the conventions contain provisions for collaboration with GTOS, e.g. Articles 5 (a) &
(b) of the FCCC; Art. 18 of the BDC; and Articles 12, 14, 16, 17, and 25 of the DC.
International Global Science Programmes
International environmental research programmes need data which are consistent across space
and time and accessible to the research community. The quality of data is an important issue.
It is preferable that data are collected in a standardized fashion, but - since this is seldom the
case - it is essential that the origin and treatment of the data are scrupulously recorded.
The range of variables potentially required by international research programmes is vast and
unpredictable, therefore GTOS should concentrate on a small subset of the core variables
which are widely, and consistently required. The science requirements are driven by questions
of process, so the variables which are important as drivers and modifiers of processes receive
high priority. Examples of process drivers are climate variables and pollutant loading levels;
examples of modifiers are land cover and soil variables such as depth and texture. A number
of state variables are also needed, largely for the purposes of initialising and validating
models; examples would be the quantity of biospheric carbon and nitrogen.
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The research community generally needs global coverage of certain key variables at a
resolution consistent with the scale at which the processes operate, and sufficient to make
global and continental-scale inferences. In addition, it needs a few, very detailed and highlyresolved data sets for limited areas and periods in order to develop new hypotheses and
rigorously test the broader-scale approaches.
The key global data sets are climate (precipitation, near surface maximum and minimum air
temperature, net surface radiation, photosynthetically active radiation, surface wind,
humidity) which are required daily from several thousand weather stations; land cover
(decadally, 1 km2 resolution); soils (a high-resolution initial survey [1:5m], followed by lowintensity ongoing change observation); hydrology (daily flows of water and material in a
sample of representative river basins) and cryosphere (daily snow and ice extent, permafrost
extent and ice mass balance every few years). Several of these data sets are wholly or partly
derived from satellite remote sensing. The global distribution of human and animal
populations is an important driver data set.
The key site-based data relate to the biomass, physiology and phenology of dominant plant
species, gas, energy and water exchanges between the land surface and the atmosphere; the
cycles of carbon, nitrogen, phosphorus and sulphur; the presence and absence of species; and
disturbances, including land use actions. These are required from several hundred long-term
sites in representative areas. The data needs from intensively-studied sites are impossible to
specify globally, since they change with an evolving scientific understanding.
Earth Observation Systems
Satellite sensors record radiation reflected or emitted by the earth's surface-atmosphere
system. To convert these measurements into accurate and reliable biophysical or geophysical
parameters, three conditions must be met. First, the raw satellite measurements must be
calibrated to remove sensor and atmosphere related effects which would introduce errors into
the estimation of the surface parameters. Second, the calibrated satellite data must be
transformed into biophysical, biogeochemical or geophysical parameters of interest to users,
such as scientists, policy makers or others. Third, the accuracy and stability of these
transformations must be monitored overtime by reference to independently obtained data.
In situ measurements, such as those available through GTOS, are essential for all three steps
above. Measurements of atmosphere characteristics from the ground provide the data required
for ensuring the accuracy of satellite data calibration. Surface observations of the ecosystem
variables supply the necessary, data to develop and validate models for converting satellite
measurements from various biomes and climatic zones, and hence need the data from a global
sampling strategy for which GTOS is uniquely suited. The same measurements obtained over
time provide the data for ensuring the consistency of the products derived from satellite data.
It is important to note that the above requirements need to be met for a range of other
variables and not just GTOS specific ones. Thus, the surface measurements for GTOS will
yield benefits to GTOS itself, and also to other programmes and activities which employ
satellite data to derive surface environmental parameters.
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II. Products and Services
GTOS' main function will be a to provide the following services:
• The linkage mechanism between existing sites and networks;
• A forum for certain harmonization activities on data collection, presentation, access and
transmission;
• Global and regional terrestrial ecosystem data of long duration for users at all levels;
• An integration mechanism for different biophysical and socio-economic data sets.
Nonetheless, a strong case can be made for GTOS having a role in value-added product
generation. This would strengthen the acceptance of GTOS if some of the products are unique
to it. Another justification is that some global, regional and national bodies lack the resources
to produce derived products from GTOS data. For example, certain International Convention
secretariats lack the staff resources to process data into suitable indicators or integrate them
with other data sets.
In the main, however, it may be more cost-effective for GTOS to concentrate initially on its
service functions and leave to others the processing and integration of data. There are now
numerous developed and developing country institutions that are already active in this area
but lack the globally compatible data sets which GTOS would provide.
These aspects will need further consideration once the UNEP report on UN Agency and
Convention needs becomes available in the very near future.
Certain other product needs and services are more clear. GTOS should, for example, seek to
ensure through CEOS that a number of developing country space observation needs are met,
including the ready availability of data sets with adequate spatial coverage, resolution and
temporal frequency for natural resource estimation and monitoring.

III. The Observing System
Guiding Principles
The following principles should guide the design of GTOS. They emerge from scientific
understanding of terrestrial ecosystems, of statistical theory and from the experience gained
from the strengths and weaknesses of other systems. The principles are related to four issues:
sampling design, variables to be measured, data documentation, and data use. They are set out
below and elaborated later in this section, and the next.
Sampling Design
You can't measure everything everywhere. It is neither possible or desirable to have total
information. It is essential, however, to sample in a way that allows reliable interfaces to be
made about the unsampled remainder. Most processes have a characteristic temporal and
spatial rate of variation which can guide the frequency and location for optimal sampling.
One size does not fit all. A single sampling regime is not appropriate to all data types and
would be cumbersome and inefficient, since different variables have different characteristic
rates and scales of change and some may only be measurable on sites with particular features.
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It is therefore more appropriate to optimize the sampling design to capture the essential
characteristics of each variable.

Variables, Parameters and Measurement Techniques
Ask the right questions. There is a universe of possible data to be collected, and no way to be
certain what might be useful in the future. Focus can be achieved by ensuring that we collect
at least that information necessary to answer current questions crucial to human welfare and
the persistence of the global ecosystems on which we depend. The questions must be
sufficiently specific to be answerable but fundamental enough to retain their relevance in a
changing world. The same principle can be applied to new questions that may arise in the
future.
Pick variables that are sensitive. Of the plethora of possible variables that can be measured,
one should choose those that provide the most information about the phenomenon of interest
with a minimum expenditure of effort. The chosen variables should be sensitive to changes in
the environment and should be readily measurable to an appropriate level of accuracy.
Bottom-up is responsive, but top-down is consistent. The challenge to GTOS is to tap into and
encourage the vitality of user-driven, region or topic specific information systems, while at
the same time ensuring continuity, adequate global coverage and mutually supporting efforts.
It must be possible to make rigorous comparisons and cross-checks between data sets. The
system must evolve with changing needs but must not be victim of short-lived fashions.
One level of causality is needed. It is not enough to know that something has changed: in
order to manage that change it is essential to know what has caused it. However, the search
for cause tends to proliferate endlessly - what drives the drivers? A practical cut-off is to limit
the data collection to first-order causes.
Affordability and cost- effectiveness. No matter how useful the information, the system has to
be, and to remain, affordable at all levels, from local to global. Some types of data, such as
those from coarse resolution satellite sensors, are cheaper to collect globally than through
separate national efforts while others can be obtained only at the local to regional levels. An
optimized approach will require a flexible implementation based on clear priorities.
Direct and indirect data. Wherever possible, it is preferable to measure a variable directly,
with known precision and accuracy. This is often not possible or practical for large areas, and
an indirect measurement is needed. Most space-based remote sensing, for instance, falls into
the indirect category. It is then essential to establish a calibration between the indirect
observation and the desired variable, and to store the information needed to recreate the
original observation. GTOS must therefore contribute to ground truthing.
Surrogate data and indices. Surrogate data can be used to reconstruct the past. An example is
the use of isotopes in ice cores to estimate historical temperatures. It is not usually the best
way to measure current or future conditions which can be directly observed; but in some cases
surrogate data is useful even for current measurements because it integrates over large areas
or multiple processes. An example is the carbon dioxide content of the atmosphere, a
powerful and sensitive indicator and integrator of global change. Similarly, indices can be
powerful means of characterizing essential features of the system, especially where it is
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difficult to specify or measure the corresponding full set of variables. An example is the
vegetation indices calculated from remotely sensed data.
Practicality. There are and always will be many exciting techniques on the horizon. The core
of GTOS must be based on tried and tested advanced methods which are accessible to both
rich and poor nations. New techniques must become part of the system once they have
matured and have moved from the research realm into the operational realm.
Harmonisation, standardization and data compatibility. It is more important for the observing
system to specify exactly which variables are to be observed and to what level of accuracy
and precision, than to impose standard measures. This is because it is seldom possible to
specify a globally robust method. Although various methods may be used to measure a
variable of interest, they should yield data that may be combined into an integrated set. Where
widely accepted and applied methods are available, they should be accepted as the norm.
Some measurements are very sensitive to small differences in method. Where there is no
alternative to their use they should be accompanied by training and laboratory
intercalibration.
Data Documentation
Data about data. Data are of no use if they cannot be identified, located and interpreted. Each
information item in a GTOS must be linked at least to the place, time and method of
collection; frequently it is also necessary to know how the raw data has been modified. This
information about data is known as 'metadata'. To a large degree GTOS must be a
comprehensive metadata system, carrying pointers to where the data are to be found rather.
than the data themselves, if it is not to choke on the ever-expanding flood of information.
Quality assurance. It is very difficult to retrospectively and objectively assess the quality of
data once they have entered the system. The responsibility of data quality control must be
devolved as close to the point of data collection as possible but some independent checks of
data will be essential. The best defence against corrupt data is adequate metadata and
consistency checks between the same measurement at different scales, between direct and
indirect measurements and trends in integrative variables.

Data Use
Local global benefit. Observing systems must be designed to deliver useful information at the
scale at which it is needed to guide decisions. One hundred data points spread around the
world provide useful data at the global scale, but very little information at the national scale.
GTOS is torn between the urgent need to provide useful information at the global scale (since
the problems are global in scope) and simultaneously provide useful information at a national
level (where most of the activities are funded and the decisions are made). The proposed
solution is to build the system largely from national institutions and to provide mechanisms
for down-scaling global data to the national level and up-scaling in the reverse direction. For
example, GTOS data could be used to show whether and how driving parameters have
changed regionally, and local data are used to indicate how field management and other
actions might mitigate the impact of those driving parameters. It is the interaction of the
information from the different scales which is the key.
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The whole must be more than the sum of the part. A powerful argument for GTOS is that it
can enhance the value of existing information systems by integrating them. Two or more
pieces of related data have more value together than apart, this is the principle of synergy. For
instance, rainfall records help agricultural planning, as do soil data, but the greatest benefit
accrues from having both at the same site and the same time.
Strategic and tactical information. The type of information needed for long term planning is
quite different to that needed for rapid response to crisis situations. In particular the former
may require statistical data or information on relatively static variables, whereas the latter
needs to be almost 'real-time'. GTOS in general focuses on the former and the need for
continuous data series, and so must be able to accommodate some variables that are several
years old without eroding its value. Nonetheless, GTOS will relate to tactical information, e.g.
on drought monitoring by providing the longer-term context of drought-land use interactions
to local institutions to assist them in their selection of response options.
Monitoring and research. Long-term monitoring is the principal emphasis of GTOS.
However, monitoring is most effective if linked to analysis and research employing the
collected data as the two activities reinforce and enhance each other. Most of the research and
data use will be carried outside of GTOS. Nevertheless, some data manipulation and analysis
should be carried out in GTOS, and become available as GTOS products. These could include
data consistency checks, data summaries and integration at regional or global levels, reporting
on trends and the production of certain composite indicators. GTOS should not be engaged in
the active development of new measurement techniques, but should facilitate their
incorporation once they are operational. If GTOS, in its mission, identifies the need for
specific research or development of new methods, this should be made known to appropriate
institutions.
The role of modelling. Models have a vital role in elaborating hypotheses about the way a set
of causes interact to produce a result. They are therefore very relevant for addressing global
change questions. Interaction with modellers should be used to focus data collection on the
minimum data set required to address a given question. Conversely, although models are the
only means of predicting change before it happens, their performance is limited by the quality
of the input data which drive them, and are therefore critically dependent on the quality
(especially standardization and compatibility) and comprehensiveness of data sets. The data
needs to be at a scale commensurate with the process being modelled: global models need
global data.
The Sampling Strategy
The conceptual framework proposed for GTOS shapes the form of the data sampling strategy,
which is based on a partially nested hierarchy with five tiers; the key questions of Box 3 are
each addressed at several tiers (Table 2 and Figure 3 on pages 16 and 17 of Part I
respectively). The intensive tiers (1 and 2) provide the depth of insight needed for
understanding the problem and predicting future trends, while the extensive tiers (3 and 4)
provide the spatial detail needed to scale up to the national or global level and to help land use
planning and other national actions. Since the tiers address different scales in space and time,
the nature of variables within one theme may differ between tiers. They nevertheless relate to
similar variables at lower and higher tiers and are supported by variables with compatible
space and time resolution in their own tier. This is the meaning of integration as employed by
GTOS. Full details of the hierarchy, site and variable selection are given in Annex 5.
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The proposed system can be constructed largely from existing observing systems and
activities (Figures 4 (page 19 of Part 1) and Annex 5, tables 5 and 6), although
instrumentation will need enhancing at some of them, and certain geographical areas will
require the development of additional sites.
The Sampling Hierarchy Explained
Much of nature is organised into hierarchies. A substantial body of ecological theory is now
based on the properties of hierarchies: some of these insights can be used to design an
efficient observing system. The proposed GTOS sample design is based on obtaining, at one
hierarchical extreme (tiers I and 2) a rich set of variables on a continuous or regular basis at a
small number of locations, and at the other extreme (tier 4) observations of a small number of
variables at five year intervals at a large number of locations. In between is a continuum of
decreasing detail and increasing coverage. The Planning Group has arbitrarily divided the
whole into five tiers, roughly corresponding to different types of existing sampling systems.
Some existing systems do not fall neatly into a tier. This is not a problem, since the hierarchy
is a conceptual guide, not a set of rules. The hierarchy is summarised for terrestrial
ecosystems (including unmanaged 'natural' ecosystems, managed agro-ecosystems and
freshwater aquatic ecosystems) in Table 2 on page 16 of Part 1. The objectives of each tier are
described below, along with some example variables. More detail on the variables is given in
Annex 5.
Tier 1 Large-Scale Gradient Studies and Land Surface Parameterisation Experiments
This level has two purposes.
Firstly, it observes processes which occur at large scales and have a strong spatial component;
for instance the interaction of the earth's surface with the planetary boundary layer, or the
movement of sediment through a catchment.
Secondly, the gradient studies are located to be in the path of anticipated change, to provide
early warning and spatial models to allow the changes to be extrapolated in space and
projected in time. These are large international studies such as the IGBP transects, the
ISLSCP experiments, major drainage basin and LOICZ coastal zone studies. They are focused
on specific questions and will not necessarily all have a permanent existence. At any one time
there are few tens of such studies in progress, representing major facets of the Earth surface
(such as 'the humid tropics' or 'the boreal-tundra' transition). Like most of the other tiers, tier 1
is neither owned nor initiated by GTOS, but the data it produces needs to integrate with other
data streams assembled through GTOS to complete the process analysis.
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Box 6 IGBP Megatransects: An Example of a Tier 1 System
The IGBP 'Megatransects' are networks of stations and sample sites, supplement by remotelysensed data, spanning the major global gradients where change is anticipated in the next
century. Three are located in high latitudes, stretching between the boreal forests and tundra,
where the temperature change due to global warming is expected to be greatest. Another set
of three cover the aridity gradient between the arid and humid subtropics, three more cover
the same gradient in temperate mid-latitudes, and the final three cover the main areas of land
use change in the humid tropics. The purpose of the gradients is to provide data to develop
and test models of global change processes, and especially to develop methods for translating
processes between the fine scale characteristic of physiological processes and the coarsescales
characteristic of climate processes. Several transects are already operational and others soon
will be (Koch et al 1995 and Figure 6, map of IGBP-transects).

Figure 6 Map of IGBP-transects
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Tier 2 Major Crop System or Ecosystem Research Centres
The objective of this level is to provide data for detailed process-level insight into observed
changes. This function is achieved by collecting a rich array of supporting and interpretive
data (if necessary delving beyond the single level of causality used as a yardstick elsewhere in
the GTOS) and by encouraging manipulative experiments. There should be at least one such
centre for each main biome type (there are about 30 terrestrial and freshwater biomes) and
each main crop or farming system type (also about30).

Box 7 The International Rice Research Institute (IRRI):
An Example of a Tier 2 Centre
IRRI was established in the 1960s as one of the main centres of the CGIAR. From its main
site at Laguna in the Philippines it undertakes research on the four main rice ecosystems
accounting for over 20% of the world's cropped area, and the main food energy source for
half of the world's population. It has an annual core budget of some US$ 26 million (plus
another US$ 14 million in separately funded special projects), a professional and technical
staff of 400 including scientists outposted to other countries, and already measures at Laguna
most of the variables proposed for tier 2 centres. It has a several long-term agronomic
experimental sites outside the main centre (including some in other countries) that could
contribute to tier 3 and 4. In addition it operates the International Network on Soil Fertility
and Sustainable Rice Farming (INSURF), with sites throughout Asia, which could also
provide tier 3 and 4 type material.

Examples of such centres are the major research centres in the CGIAR system and some of
the larger long term ecological research stations. The defining features are the scientific
capacity (in terms of personnel, facilities and funding) to do detailed process-level studies and
experiments. Typically they would act as a coordinating point for several tier 3 and tier 4 sites
and could act as regional data management centres. In absolute numbers sufficient of these
centres exist, but there may be some geographical deficiencies in the tropics and developing
world.

Tier 3 Agricultural and Ecological Research Stations
The objective of this tier is to provide measurements of ecological processes. Since process
implies time, this tier is characterised by having a permanent observing presence. Most
national-level agricultural and ecological (including freshwater ecosystems) research stations
are at this level, e.g. LTER and ILTER sites. Every nation should have at least one; large
nations which span a diversity of agricultural systems and biomes should have several. It is
estimated at least one thousand exist globally, but they are not distributed in a statistically
representative fashion. Stations in the tropics and developing nations are under-represented
and under-resourced. The type of data to be collected are crop yield, ecosystem productivity
(for example, litter-fall and stem increment), daily climate (to be fed into the joint
GCOS/GTOS system), plant phenology and land use practices. A tier 3 station would
typically be responsible for periodically surveying ten tier 4 sites.
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Box 8 Sinharaja World Heritage Sit: An Example of a Tier 3 Station
The UNESCO-MAB Biosphere Reserve is the last great tract of evergreen lowland and
mountain forest in the humid south-west of Sri Lanka, and conserves an ancient flora and
fauna, some of which originates from Gondwana. Although an island forest and not species
rich, 70% of trees and 60% of birds are endemic. Adjacent land includes logged forest and
various crops. Since 1975 research activities have been extended to cover forest structure,
dynamics and silviculture including reproductive biology and phonology, soils and wildlife.
The aim is to optimize production of timber and other goods important to the rural economy,
and the management of biodiversity. Installations include a field station, two vehicles, climate
station, 25 ha plot with 175 000 tagged, mapped and identified trees in 180 species, and since
1985, smaller permanent plots in major communities. Research reveals that competition varies
with topography, requiring different silvicultural management, which has been prescribed;
that valued nontimber species benefit from logging, thereby permitting multiple uses and
users; and it has developed protocols for restoring indigenous forest to degraded land and
plantations. The staff include 2 technicians and 8 laborers; the annual costs are about US$
25,000.

Tier 4 Sample Sites
The purpose of this tier is to provide accurate data on the state of the terrestrial surface and to
calibrate ('ground truth') the data for tier 5. In order to do so sensitively and reliably a large
number of sample locations are required, distributed in a statistically unbiased fashion. There
are two principal approaches to achieving this, and GTOS leaves the choice of approach to the
national-level implementing agency. One approach is to locate the sites according to a
randomised or regular system. This has the disadvantage that the probability of detecting
change in small patches (which may be the most crucial) is low; furthermore, some of the
sites may be in very inconvenient places. The second approach is to stratify the land area to be
sampled according to some classification system which has predictive power, and then locate
random or systematic samples within each stratum. This is statistically more sensitive and
powerful but depends on having a suitable a priori stratification. Stratification based on land
cover is the usual choice but poses problems in that it is the main variable which the system is
designed to detect. Stratification on climate, terrain and soil may be a suitable option. The
sites would only need to be visited infrequently (once a year in areas of rapid change, to
perhaps once every five years for some slowly-changing variables). The sites should not be
specially marked or protected, but exposed to the normal land use practices of the area. The
sampling at each site would take about one day, and would include information such as
topsoil carbon content, plant biomass, species composition and canopy cover. This tier is the
least well-developed in existing systems, although several countries have begun surveys of
this type. Consequently, it will require the greatest initial effort in GTOS (see Annex 8 for
costs of implementation).
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B0X 9 The British Countryside survey
an example of a tier 4 system
What is the area of major types of land cover and land use, and associated species diversity?
How are they changing? To answer these questions for Great Britain, the Institute of
Terrestrial Ecology initiated a statistically rigorous survey in 1978. First, the country was
classified into 32 land classes using climatic, geological and topographic variables. Then,
eight 1 km squares were randomly selected from each of the 32 strata giving a total of 256
squares nationally. Each of the squares was visited by a 2 person team for 2 days to map land
cover and use and to list the plant species in a series of smaller quadrats. The survey was
repeated and expanded in 1984 (384 plots) and 1990 (500 sites and more than 10 000
permanent quadrats). In the latest survey supported by the Department of the Environment,
soil type, water quality and socio-economic characteristics have been included and the field
observations are now linked to remotely sensed land cover observations, equivalent to tier 5.

Figure 7 Changes in Plant Diversity Within Vegetation Types 1978-1990 In the Countryside
Survey.
(Barr et al 1994)
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Tier 5 Remote Sensing
This tier has three primary purposes, although remote sensing should make important
contributions at all of the tiers, as may airborne as opposed to satellite borne sensors. First, to
support extrapolation of data from the other tiers to the global scale. Second, to provide
sufficient spatial resolution to detect and classify human-scale activities such as agriculture,
forest clearing, road development and urbanisation. Third, to provide global data on important
variables such as topography.
There are two broad classes of data involved: frequently-repeated low-resolution data; and
infrequently-repeated high-resolution data. The primary data consist of measurements of
reflected or reradiated electromagnetic radiation from points on the Earth's surface. Products
such as land cover can be derived automatically or by visual reclassification from such data.
Space-based observational needs are detailed later in this document.

BOX 10 The IGBP 1km Data Set: An example of a Tier 5 System
This global 1 km data base was produced from NOAA Advanced Very High Resolution
Radiometer.The data were recorded by some 30 stations around the world, reassembled into a
continuous coverage, and processed using a community-consensus algorithm to produce
nominally cloud-free image of the world's landmass every 10 days for (initially) 18 months.
The production of the global data set is presently underway by the US EOS Data Center. The
final data set will be used to prepare land cover database of the world and to develop methods
for assessing vegetation preformance (e.g. primary productivity). Provision of medium and
high resolution global coverage requires international cooperation in the acquisition and
processing of data in which GTOS can play a constructive stimulating role. In the case of the
global 1 km coverage, there is a need to ensure continuation of the data collection and
processing, with attendant requirements for additional funds which GTOS can help secure.

Integration of the Hierarchical Data and Data from Other Sources
It is not necessary to examine all issues (and questions) at all tiers on the hierarchy.
Furthermore, it is not essential that different issues share the same sample locations in a given
tier, but there are scientific, economic and logistic advantages to aiming for as much overlap
as possible. Only in that way can the inter-relatedness of the issues be explored: for example,
what effect does pollution have on biodiversity? How does biodiversity affect productivity?
GTOS data will only be able to indicate association between these factors. It will have to be
used with other information if causation is to be established.
The hierarchy is only partially nested. This means that some, but not all, of the sites at one
level are components of a site at a higher level. The partial nesting allows some calibration
between levels and will help to develop and test techniques for scaling data up and down. The
main way in which the hierarchy is linked together is functionally, both vertically and
horizontally. An example of vertical functional integration can be obtained by tracing a single
theme through the hierarchy. For example, primary production is a fundamental measure of
ecosystem and crop function. It can be predicted from seasonal greenness data collected at tier
5, coupled with vegetation structure data from tier 4. It is approximated at an annual scale at
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tier 3, allowing longterm trends to be detected. Tier 2 measures primary production directly at
a subannual scale, and probably with several manipulations (such as fertilizer and irrigation)
to understand the controlling factors. Tier 1 may measure ecosystem net productivity on a
continuous basis using micrometeorological gas-exchange techniques, at a landscape scale. A
combination of data from tiers 1 and 2 allows the models to be developed for application at
tiers 4 and 5, after validation at tier 3.
Horizontal integration means having the minimum data set at each tier in order to answer the
key questions at that tier. For instance, modelling primary production at tier 5 also requires
interpolated climate and soil information at the same resolution. Similarly, understanding
annual primary production indicators at tier 3 requires daily or weekly climate data and a
detailed soil profile, vegetation and land use description, while understanding productivity at
level 2 means hourly measurements of climate and radiation.
The examples given above relate mostly to the terrestrial land surface. The same principles
(but different variables and scales, and possibly different hierarchical levels) can be applied to
freshwater ecosystems. For instance, the LAMBADA/BATERISTA project planned for the
Amazon basin is a tier 1 experiment. There are a few international centres for tropical
limnology (tier 2), and several research stations in a major river basin such as the Amazon
(tier 3), each sampling periodically at several locations (tier 4). Freshwater researchers would
also make use of tier 5 data, but interpreted for their purposes.
Finally, not all the data in GTOS will be collected in hierarchies. Some will come from
national or regional sources, and will usually relate to bounded areas, such as a national
territory or administrative district. Examples are population and agricultural production
statistics. Tier 3 or 2 stations may act as clearing houses for this type of data.
Principles for Site Selection
Tier 1 activities are driven by scientific objectives, rather than by observation system needs,
and are therefore not selected by GTOS. They can nevertheless provide data highly relevant to
GTOS objectives. GTOS should not fund them, although it may support some data integration
activities and may wish to link some GTOS tier 3 and 4 sites to the tier 1 activity. It is
unlikely that there will be so many tier 1 activities that choosing between them becomes a
problem. The criteria that need to be applied to prospective tier 1 activities are as follows: are
they focused on large-scale (1 000 km), long-term (annual-decadal) processes affecting global
terrestrial or aquatic ecosystems?
Tier 2 centres are also targets of opportunity, since they are expensive to establish and run.
The objective is to have at least one, and at most two, per major biome type and farming
system/crop type. Centres should have a track record of excellence, a willingness to cooperate
internationally, share data and act as a support to tier 3 stations, and have sophisticated
research facilities.
Tier 3 is the main level at which site selection becomes a critical issue. It is essential to handle
the process transparently, by setting a clear list of a priori criteria. The objective is to end up
with a geographically, climatically and biologically representative set of stations, where
'representative' means that all major axes of variation are covered, approximately balanced
between managed, unmanaged and aquatic ecosystems (40:40:20), with some weighting
reflecting the areal extent covered by each type of ecosystem within these three categories. It
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does not mean representative in the strictly statistical sense; similarly a degree of withinbiome replication is desired, although true statistical replication is not possible. The rules in
Box 11 guide this process.
Box 11 'Criteria' for Tier 3 Site Selection
• Every GTOS participating country should have at least one to act as a national contact
point or support centre for technical matters;
• The tier 3 sites should have the capacity to provide the tier 3 data requirements within at
least one theme, with acceptable accuracy and timeliness. This includes the data which are
needed for that theme but which are shared with other themes;
• Sites representing previously unrepresented biomes or crop types take priority over sites
duplicating representation elsewhere. Once representation is achieved, proportionality of
number of sites to the area of the ecosystem becomes a criterion;
• Linkage to an active research programme (as opposed to an observing programme) is an
advantage;
• Reasonable security of long-term tenure and funding is required.

All else being equal, a site should have:
• A long data record should receive priority over one with a short record
- a capacity to supply data on most themes should receive priority;
• Prior existence takes priority over a site which requires establishment;
• Committed national support is preferred to sites wholly reliant on external funding;
• Accessible, practical and economical to operate sites are preferred to expensive, hard to
reach sites.
Candidates for tier 3 stations include national agricultural research stations, CGIAR field
stations, long-term agricultural research stations (including many conserved areas which do
not give themselves that title, but routinely collect environmental data, and including aquatic
research stations) and biosphere reserves.
Tier 4 site location should be entirely steered, at the national level, towards the objective of
providing a statistically unbiased sample. There are several ways of achieving this. Two
principle approaches are systematic grids or stratified random sampling. Tier 5 offers global
coverage, so the issue of site selection does not arise.
Use of the 5-tier hierarchy for examining global issues
The proposals for ground based observations and the 5-tier hierarchy have been drawn up to
address each of the five main global change issues presented in Part I. Each issue has been
examined systematically in terms of the main variables required to detect and assess global
terrestrial processes. Particular attention has been given to variables needed to fill the critical
gaps listed in Box 1, and to the role that each tier in the hierarchy should play in observing
these variables.

42

Land Use and Land Cover Change, and Land Degradation
'Land cover' refers to the broad structure and composition of the vegetation on a given area of
land. 'Land use' refers to more specific economic and physical uses to which land is put. They
provide the basic categorization against which all more detailed and quantitative GTOS
variables need to be set, and the necessary baseline for detecting change. Land degradation is
physical and/or chemical degradation of the soil affecting soil processes, agricultural
productivity and biogeochemical cycles. Many land cover types can be remotely sensed with
careful interpretation backed by thorough ground truthing; some land uses can be remotely
sensed but most require detailed field assessments over a period of time, and are therefore
often inferred from land cover.
There are major uncertainties at all levels regarding actual areas and rates of change in land
cover and land use, which make it impossible to produce robust estimates of global change
factors, e.g. deforestation and emissions of biogenic greenhouse gases, and can severely
handicap national land use planning. Questions have been raised about the sustainability of
food production, primarily because of land degradation, especially soil erosion, and
secondarily through the loss of agricultural land to urban and industrial development. They
cannot be answered conclusively, in part because the impact of degradation on crop yields or
production has not been well established in physical or economic terms. The relationship
between erosion and productivity loss is non-linear and more complex than previously
thought. Yield loss in one area may be compensated by gains elsewhere when the soil is
eventually deposited. And finally, changes in management practices and socio-economic
driving forces have appreciable lagged and overshoot effects.
The main gaps are:
• Internationally agreed classifications or classification translation systems for land cover
and land use types;
• The systematic collection of geo-referenced land cover and land use data to common
standard, that can provide accurate information on the area of land under various uses, their
rate of change and global distribution, and the trends in production from these uses;
• Global data sets on changes in soil properties, soil carbon, etc, and their contribution to
global change processes;
• Integrateable field, watershed, river basin and estuarine data on soil erosion rates and
sediment loads;
• Geo-referenced data on the principal physical drivers of land cover and land use change
(including land use intensification), such as population density, accessibility, access to
input and commodity markets, and the availability of other agricultural resources. The
main physical drivers of land use intensification are the biophysical conditions (climate
and soil) and agricultural technology applied (cultivar, crop management, fertilizers and
pesticides, or for animal systems, breed, herd management, feed supplements and
veterinary inputs). Both these sets of drivers are very sensitive to economic policies that
influence rural-urban terms of trade, input and output prices, etc, hence the need for GTOS
to encourage or act on the measurement and assembly of geo-referenced socio-economic
data that can be integrated with the terrestrial data.
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The first gap is being tackled by UN and NGO initiatives (Batjes et al, 1994; Mucher, Stomph
and Fresco, 1993) and currently needs no direct GTOS input, but GTOS should coordinate its
activities with those involved so that the classifications are derivable from attribute data
assembled by GTOS. All of the other gaps need a GTOS type of input to provide a neutral
mechanism for longterm coordination and integration to replace generally incompatible,
diverse and narrowly based national, regional or sectoral observation or data collections
activities. In the main GTOS would not be the primary agent for this process of
harmonisation, but its data would enrich and support the activities of others, and collectively
permit globally comprehensive estimations.
Tier 1 in the hierarchy should focus on large-scale spatial processes, of which land use and
cover change are obvious manifestations. Three of the proposed IGBP large-scale transect
studies (those in the humid tropics) have land use intensity as the primary gradient: the semiarid and temperate transects have land use as secondary gradients. The types of variables
observed would be the evolving pattern of land use in relation to socio-economic and
biophysical drivers, and the consequences of these changes on large-scale processes such as
habitat fragmentation, spread of introduced species, regional climate, catchment hydrology
and trace gas emissions.
Tier 2 includes long-term agricultural and forest research centres, particularly those that form
an international centre of excellence for a particular crop type or farming system. They
typically conduct long-term experiments where the inputs are held constant, providing a way
of determining the sustainability of agricultural practices. An example is the invaluable data
on soil carbon changes from the hundred-year experiments at Rothamsted, UK. The
observations at this tier would consist of complete budgets of carbon (applying micrometeorological methods to get net ecosystem production, and harvest methods to partition it
above and below ground), water (applying the same micro-meteorological approaches) and
nutrients (particularly nitrogen, phosphorus, potassium, calcium and magnesium, and
including leaching, harvest and gaseous losses). Tier 2 would also trace the fate of biocides
and monitor pathogen and pest dynamics.
Tier 3 is the principal level at which land use, (and eventually other socio-economic variables)
would be assembled since they are essential for the interpretation of production system
output, which is the focus of this tier. In addition to crop (or animal) production data, inputs
such as fertilisers and biocides and management system details (tillage, cultivar, herbivore
type and density) would be collected. The dates of planting, emergence, anthesis and harvest
are the crop system equivalents of the phonological data collected in unmanaged ecosystems.
The concentrations of nitrogen and phosphorus in the harvested crop and crop residues are
needed to construct nutrient budgets for sustainability assessments. The soil carbon, nitrogen
and phosphorus, major cations and pH should be measured throughout the rooting depth on an
annual basis and a full profile description performed initially (especially bulk density, particle
size distribution and water retention). The depth to groundwater should be observed monthly
in an unpumped borehole, and water samples taken for nitrate analysis annually. Apart from
recording the biological diversity within the farming system (cultivars, breeds, rotations,
intercropping, weeds and pests) the occurrence of vertebrates (birds, mammals, reptiles and
amphibia) should be recorded as indicator species of habitat change and biocide use.
The purpose of tier 4 is to provide, in conjunction with tier 5, accurate and quantitative data
on global land cover. The frequency of observation should depend on the rate of change; once
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every five years is sufficient for tree crops, but once a year may be necessary in annual crops.
Information on sub-annual rotation and fallows can be obtained from the land user. The
record should include the crop type, the standing biomass, topsoil (0-30cm) carbon, nitrogen,
phosphorus and bulk density, and particle size distribution. The latter is obtained as an
interpretive variable, since with organic carbon and bulk density it controls many of the
physical and chemical properties of the soil. A consistent increase in clay content would
indicate erosion into the subsoil. In the case of grazing systems, the grass tuft rooted cover
and species composition, the presence of unpalatable or woody weeds, the percentage of the
soil surface that is litter covered, bare or crusted and the inferred herbivore density (either
from farm record or from regional aerial census) is required. It would be very useful to use the
unbiased sample strategy offered by tier 4 to collect social and economic data as well; the
methods for doing this have not been developed.
One of the principle products of tier 5 would be broad land cover estimates in approximately
20 classes. Multi-temporal low resolution remote sensing is able to differentiate annual and
perennial crops from natural vegetation, but will not provide information on crop type
(Running, Loveland and Pierce, 1994; Running et al, 1995). If the crop type is known, from
contextual data or high resolution remote sensing data, the seasonal greenness data allows an
estimate of crop or pasture production. The greenness data, particularly interpreted in
conjunction with climate surfaces at the same time and space resolution is a sensitive
indicator of desertification. The thermal channel is able to detect vegetation fires. Global
terrestrial coverage of high resolution satellite imagery should be collected once a decade.
The interpretation of these images into land cover classes according to a standard
classification system should be performed at the national (preferably subnational) level. The
purpose of this tier is to provide accurate data on land cover distributions and change. From
the land cover data, in conjunction with data from tier 4 and 3, it is possible to calculate trends
in global biomass stocks, and habitat fragmentation.
Water Resources Management
This issue embraces all dimensions of resources management including freshwater supply and
coastal zone problems. It covers both physical supply and deterioration in quality. In the main
it concerns observations of river flows, lake levels and ice sheet mass balances, the sediments
and chemicals they bear, and the trace gases they exchange. They are a shared interest
between GTOS, GCOS and GOOS, and the GCOS/GTOS Terrestrial Observation Panel have
already made a preliminary selection of the variables needed for climate change purposes
(GCOS/GTOS TOP, 1995).
Rivers, lakes and estuaries, despite their obvious physical connections, have fundamentally
different properties and each requires its own sampling network, though these must be readily
integrateable with terrestrial observations because of siltation, eutrophication, etc. There are
no globally accepted river, lake or estuary classification systems, but there are several national
systems which could form the basis of a global system suitable for stratifying GTOS sample
locations. In all these cases a system founded on a combination of physical, biological,
chemical and hydrological characteristics is preferable for GTOS purposes to one based on a
single attribute. There are also a number of on-going monitoring systems which undertake
much of what is needed for some of the main variables, e.g. the Global Runoff Data Centre
(GRDC) and the GEMS-Water programme (see below). The main action may be to
collaborate with these activities to fill certain gaps.
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In the context of earth system processes, the basic requirement of a global terrestrial
hydrological observing system is to monitor the continent-to-ocean flux of freshwater and
nutrients, and the major surface and subsurface reservoirs. Global monitoring of river
discharges to the oceans and the flux aspect cannot be fitted neatly into the tier hierarchy.
However, they can be achieved with a surprisingly small number of gauging stations situated
on 50 or so of the largest or steepest rivers of the world, and located as close to their mouth as
hydrometric considerations will permit. This basic network will need to be supplemented with
data from smaller rivers and catchments having special importance such as semi-arid basins,
inflows to wetlands and water bodies of continental importance, and catchments of major
economic significance, e.g. water supplies for 'megacities' and 'breadbasket' areas producing
staple foods, and drainage from major industrial zones. The total number of gauging stations
in this global network would approach 150, drawn largely from those contributing to GRDC,
and to regional schemes like those of the European Union. WMO and GRDC
recommendations for measurement technique must be adhered to.
Though groundwater supplies are crucial in many parts of the world, observational needs
beyond purely local ones have not been well addressed. Indeed it is not clear whether, at this
time, it is feasible to contemplate a truly global groundwater set of measurements. Most past
evaluations have been based upon calculated databases on regional precipitation and recharge
estimates, with little or no reference to actual groundwater levels. Again there are major
aquifers of enormous importance, such as the Ogalla aquifer in the USA and the Indian
Deccan, information on which is vital, and whose data can be collected into a GTOS database.
A second good way to start would be to measure the depth to the water table, and the age and
nitrate content of groundwater at all tier 3 sites. Tier 2 terrestrial sites should in addition
measure annually the groundwater concentration of the full suite of organic compounds plus
the heavy metals proposed for measurement at tier 2 aquatic sites.
There is a large commonality between the variables proposed for water quality and those
needed under the theme of pollution and toxicity. There is also an overlap between some of
the biotic variables proposed and the needs for biodiversity observations. A subset of these
variables appropriate to water bodies should be measured at tier 3, principally consisting of
the standard water quality variables (temperature, turbidity, suspended solids, nutrients,
dissolved and particulate organic carbon, pH and electroconductivity). For rivers, tier 3 must
include continuous flow gauging, for lakes and estuaries it should include continuous water
level recording. Tier 3 sites in some parts of the world will collect a more extensive list of
variables (essentially the tier 2 set), but it would not be practical to make this a global tier 3
requirement at present. Similarly, the tier 3 'minimum set' is routinely collected at tier 4 sites
in many countries. Tier 4 should include fauna inventories as integrators of past water quality
- note the linkages to the biodiversity and pollution questions.
Tier 1 is represented for estuaries by studies initiated by IGBP-LOICZ which need to be
linked to whole-catchment studies. There are several major river basins studies extant or
proposed which fit into the tier 1 concept. Approximately 20 aquatic tier 2 centres are needed,
giving one river, one lake and one estuary per continent. About one fifth of the tier 3 stations
should be aquatic, equally distributed between rivers, lakes and estuaries and between the
main bioclimatic regions of the world. This would allow the 50 largest in each category to be
studied at least at one location, with spare sites for small but unrepresented rivers and multiple
stations on a few key rivers. The selection should be weighted towards the probability of
human impact - in other words, more stations in densely populated regions. Examples of
existing integrated monitoring networks with a freshwater component, which could contribute
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to tier 3 activities include are the Environmental Change Network (ECN) in the United
Kingdom, the National Water Quality Assessment (NAWQA) in the USA, and CORINE in
Europe. The GEMS/Water network, focused on water quality, is proposed to include about 50
baseline stations, 300 trend monitoring sites and 70 river flow stations. Finally, and most
significantly, the GRDC is in the process of selecting some 150 stations to serve as
continental/global runoff monitoring stations, which are intended to feed near real-time data
to GTOS and GCOS. Tier 4 must be constructed from national-level observing systems, but
again GRDC could play a significant role.
The 'cryosphere' is that part of the earth’s surface with permanently frozen water (including
glaciers, ice caps and permafrost). It is of great importance for a number of reasons. It plays
an important role in global energy balance, water storage and the timing of run-off to major
rivers. It will be subject to the greatest increase in UV-B and temperature (in both absolute
and relative terms). Hence it is one of the most sensitive indicators of climate change. Of
especial concern is its potential as a major source of greenhouse gases.
The principal cryosphere variables to be measured relate to changes in its mass balance i.e.
the thickness and extent of ice and snow cover, and of permanently frozen ground. These
estimates will depend mainly on tier 5 but supported by ground observations at tiers 4 and 3,
for example on depth of active layer and permafrost, and flow of melt water in alpine areas.
Extensive ground based measures of plant and ecosystem response, including changes in
distribution and cover, are necessary to adjust permafrost, SVAT and climate models.
Measures of greenhouse gas flux and changes in the dynamics of production and
decomposition processes, will largely be confined to tier 2 sites.
Pollution and Toxicity
Virtually any substance - including those necessary for life - can become detrimental to the
growth and survival of organisms and the integrity of ecosystems if present in excessive
concentrations. Thus necessary nutrients like nitrogen, phosphorous and sulphur may, become
pollutants if they are concentrated in unsuitable places. Some substances, such as certain trace
metals, synthetic organic compounds and radionuclides, are life-threatening, and hence toxic,
even at low concentrations. Many of these toxic substances also have the property of
accumulating in parts of the ecosystem and so their effects may be amplified as they pass up
the food web: some also persist as active compounds in the ecosystem for a long time.
The expansion of the human population, increased industrial activity and development of new
chemical processes, intensification of agricultural practices, and increased world trade have
all contributed to an enormous increase in the incidence of pollution and toxicity. Much of
this pollution is of local origin and is therefore a national level concern, and not a priority for
GTOS. However, increasingly there is transboundary transport of pollutants in air masses,
shared river systems, coastal zones, oceans, migratory animals and through world trade. Such
pollution is of international concern and requires a global observing system to keep track of
its spread. The need for an international approach is recognized, e.g. in the Basel Convention
regulating international movement of toxic wastes, and in Agenda 21 which lays out nine
pollution and toxicity issues critical for sustainable development.
Several pollutants interact directly with biogeochemical cycles at regional or global levels,
leading to changes in these cycles or to ecosystem perturbations. Increased emissions of
nitrogen and phosphorous compounds contribute to eutrophication in many terrestrial and
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freshwater ecosystems in several regions, while sulphur and nitrogen compounds lead to
acidification in many areas. Emissions of greenhouse gases affect the global climate system
(cf. section on climate change), and C02 also contributes to eutrophication effects in some
ecosystems. These effects impact on sustainable development by altering the structure,
composition and productivity of natural and managed ecosystems. They also affect human
health by reducing the quality of freshwater supplies and by mobilizing metals and other
substances with toxic effects. Pollution from inadequate treatment of human wastes also
contribute to negative effects on human health as well as to eutrophication of freshwater
ecosystems.
Wastes from industrial and energy production and indiscriminate use of pesticides increase
loads of toxic substances such as certain trace metals, synthetic organic compounds and
radionuclides. These have regional and global effects due to both widespread emissions and
transboundary transport. Such toxic compounds are negative for human health and have
varied negative impacts on the structure and function of ecosystems and soils, although the
mechanisms of most toxic effects on ecosystems are still largely unknown. Industrial activity
and motorized transport emit substances which contribute to the build up of ground-level
ozone which is negative for human health and has direct toxic effects on many plants. Other
industrial emissions also contribute to the breakdown of the stratospheric ozone layer, thus
potentially increasing ultraviolet radiation on the ground. This increased radiation is
damaging to plants, especially, phytoplankton, and human health.
Most pollutants in nature vary in forms and amounts in different regions and at different times
due to natural processes. The extent of this natural variation and the relative importance of
added anthropogenic inputs are poorly known for many pollutants, and good baseline data
from systems with little anthropogenic influence are sorely needed. The critical loads of most
pollutants arid the mechanisms of their effects on ecosystems and constituent organisms are
also poorly known. In order to address true critical loads and pollution effects, and not just
relative levels of pollutants, monitoring of potential response variables in ecosystems must be
seen in context with other potential factors influencing ecosystem structure and function. Only
then can we hope to quantify the relative importance of pollution problems for ecosystems.
There are presently no monitoring networks which cover the breadth of pollution problems
and their effects on a global basis, and which tie these in with other potential drivers for
ecosystem changes. A number of existing organizations are concerned with international
monitoring of the levels of various pollutants, and to a lesser extent also of their effects on
ecosystems. Few of these are global, however. Those that are focus mainly on a limited set of
pollutants (e.g. GEMS/Air, which is largely concerned with urban environments, and
GEMS/Water). Even regional monitoring networks in Europe and North America, which tend
to cover a wider range of pollutants and effects (e.g. acidification problems, AMAP), have a
limited agenda.
There is a great need for global monitoring of many pollutants relative to their true critical
loads and effects on humans and ecosystems. GTOS can help in drawing together existing
monitoring efforts for levels and effects of many pollutants, initiate efforts to fill existing
gaps, and relate observations on pollution levels and effects to other drivers of ecosystem
change (e.g. land use and socio-economic changes) in an integrated, global system.
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Loss of Biodiversity
Biological diversity includes diversity of both form and function. It occurs at three scales: the
gene, the taxonomic unit (especially the species) and the ecosystem. Genetic diversity
provides the hereditary basis for all environmental adaptation. Species diversity refers to the
variety of types of living organisms on Earth, estimated to be between 5 and hundred
millions. The proportions and functional interactions between species are as important as their
absolute numbers. This is especially true for soil micro-organisms where species
identification is difficult to achieve and, in the present context, secondary to function. A
second instance is communities (coexisting species assemblages of plants or animals) with
high relative dominance of a few species. These are less diverse than more equally populated
communities. Ecosystem diversity refers to the variety of species assemblages and their
associated habitats, and the interactions between the two.
In addition to their intrinsic, life-sustaining values, and their role in biological adaptation to
environmental change, genes are the building blocks for biotechnology. Genes from wild
populations are a valuable resource for increasing yield and resistance to new pests and
pathogens in crops, especially as the latter become increasingly genetically uniform. Wild
species and land-races continue to be identified with economic potential as new specialized
crops, and because they contain pharmaceutically active and other useful substances.
There is growing evidence that loss of diversity leads to reduced ecosystem resilience (Naeem
et al 1995, Tilman and Downing 1994). The role which biodiversity plays in maintaining
ecosystem function is poorly understood, as are the mechanisms whereby, biological diversity
at all scales is maintained. It is clear that the world is loosing species at a rate unprecedented
in modern geological time, but the actual rate and location of this loss is hardly known. Of
particular concern are the species and ecosystems under the greatest pressure from conversion
to or intensification of croplands, because they are commonly the centres of origin and genetic
diversity of the 10 or so crops that provide the bulk of food production.
The Convention on Biological Diversity was established to combat global biodiversity loss,
and to formulate an internationally agreed basis for exploiting genetic resources (see Box 2 in
Part I). Article 7 of the convention requires the monitoring of biodiversity and Article 18
proposes a clearing house mechanism for this information. GTOS, as an international effort, is
uniquely placed to provide information on those biodiversity issues which transcend national
borders, and to work with the Convention Secretariat to gain international agreement on
indicators of biodiversity and ecosystem condition. For instance it is less critical if a species
goes locally extinct in one country if it is known that it is not threatened globally. Some
processes, such as animal migration and plant dispersal, which maintain biodiversity but
which also include the spread of diversity-threatening pests and weeds, occur at the regional
or global scale and must therefore be managed internationally. GTOS will enable long-term
comparison of biodiversity in different regions, climates, landscapes and land-uses which
provides fundamental first evidence of likely causes of changes.
Climate Change
This theme deals particularly with land-atmosphere interactions, including the feedback
processes which link climate to the biosphere and atmospheric composition. Many of the
other global change issues are covered here.

49

The key issues are the exchanges of energy, gases and water between the land surface and the
atmosphere; and the tolerance limits of organisms and processes to the physical and chemical
environment. We must know the state of the land surface (e.g., its reflectance to solar energy,
capacity to absorb and store water and heat, resistance to returning that water and heat to the
atmosphere, the drag it offers to wind, the emissions of radiatively active gases) at a
reasonably detailed scale (currently about lx 1km2, but steadily decreasing; in practice, the
information is needed at a much finer scale in order to aggregate it in a realistic fashion).
Adequate measures of water flux between land and atmosphere are of great importance for
vegetation distribution and production and for understanding energy exchange. The terrestrial
biosphere influences the release of water from the land, a quantity which varies with the C02
content of the atmosphere, as well as with climate and vegetation cover. In addition to its
control of rainfall inputs and evaporation outputs, climate directly controls the distribution of
glaciers and permafrost.
GTOS will work with GCOS to collect the leaf, vegetation stand, soil temperature and soil
moisture variables of importance in calculating the extraction of water by the atmosphere, the
distribution and dynamics of permanent and seasonal permafrost, and the area and volume of
terrestrial glaciers. In addition, the Framework Convention on Climate Change commits
countries to providing information on greenhouse gas emissions, and to undertaking climate
change impact assessments. GTOS could assist the estimation of the former, given the major
role that terrestrial ecosystems play, and a source of information to the latter.
The critical observational gaps with respect to gas exchange include obtaining adequate
measures of carbon flux between above- and below-ground biota and the atmosphere. These
are necessary to calculate annual carbon exchange and carbon storage, and conversely, the
annual contribution of the biota to atmospheric concentrations of C02 and CH4. Recent
developments in micrometeorological techniques now permit flux measurements
representative at the ecosystem level. GTOS will encourage and support the gathering and
processing of C02 and CH4 flux data by other organizations, and the processing of remote
sensing needed to calculate global carbon budgets.
Critical observational gaps include data and information on the ability of organisms and
ecosystem processes to adapt to progressive or very rapid environmental change e.g. on
tolerance limits of organisms. Certain process-defined limits are well known; for example, the
temperature range of the cell-water supercooling process defines a 40ºC limit of many
temperate hardwood tree species, and 0ºC limits certain tropical plant species intolerant of
freezing. Other limits have yet to be determined. GTOS will aim to organize the collection
and assembly of comprehensive, comparable data sets on the geographic distribution of
climate and biota, suitable for distinguishing, hypothesizing and verifying their relationships.
Potential Gtos Variables
The list of variables is indicative rather than definitive, although those relating to landatmosphere interactions and climate change are in an advanced state of selection
(GCOS/GTOS TOP, 1995). Selection of variables will be based on their importance as drivers
or modifiers of change, and adapted to the priorities of funding bodies and the nature of
particular sites, systems or regions. Detailed protocols will be developed by technical groups
in relation to particular tasks and conditions. Sampling intensity may be reduced after
measurement of initial variability.
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Table 2 summarises and Tables 5 and 6 (Annex 5) detail some 120 variables covering climate,
soil, vegetation, biodiversity, pollution, ecosystem function, hydrology and the cryosphere
which are proposed as the primary biophysical data to be assembled by GTOS.
Role of Space-Based Observations in GTOS
Space-based observations will form an important component of GTOS at all tiers of the
proposed hierarchy. Their importance relates to the comprehensive overview they provide;
their potential for repetitive viewing of an area which allows changes in tile environment to
be readily detected; and the ease with which they presented and integrated with map based
data. Some of their most important roles relate to their potential for scaling up of local site
observations and the scaling down of coarse resolution model predications to assess local
impacts. It is anticipated that as the plans of GTOS develop, GTOS requirements will have an
increasingly important impact on the character of data sets derived from space observations.
In conjunction with CEOS and others GTOS could also have an important role in
communicating to regional and national users the availability and potential of space
observations to meet their needs.
In this section we only consider space observations. It also needs to be recognized that aircraft
data, for example in the form of conventional aerial photographs and scanner data, are of
considerable value in more local surveys including those for intensive ecological observations,
but have less relevance to regional and global scales of observation. In view of the importance
of space observations it is recommended that GTOS have a standing space panel, which, given
the over-lapping needs and contributions of GTOS, GCOS and GOOS, could be a joint panel.
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Contribution of Space-Based Observations to the Main Areas of GTOS Needs
The role of space-based observations is discussed under each of the main headings identified as
crucial issues for GTOS in earlier sections:
Land Use and Land-Cover Change and Land Degradation
Natural resources management requires inventory and repetitive observation and many
components can be observed from space-borne sensors. For example they can provide data on
land cover and land use and many characteristics of vegetation canopies. This information can
contribute to agricultural, rangeland and forestry surveys as well as the assessment of the impact
of humans on remaining more natural systems. The aereal extent of water bodies such as lakes
can also be observed as can the extent of flooding; snow cover extent important for example in
estimating spring runoff for irrigation can also be mapped. Space observations can also
contribute to soil and regolith mapping especially in poorly mapped areas. Where the surface is
vegetated, evidence for the latter has to be inferred but in semi-arid area and areas cleared of
vegetation as a result of cropping, surface materials can be directly observed. Completion of
improved global topographic databases currently under construction from space-based
observations may also be of considerable assistance in deciding on the location of some ground
sites.
Changes in land properties associated with land degradation such as soil erosion and
salinization can benefit from space-based observations though the very local scale of many of
the physical changes often limits the value of the data. The indirect evidence of changes in land
quality through inference from changes in vegetative land cover is often considerable.
Pollution and Toxicity
Space-based observations can provide information on terrestrial sources of aerosols, including
point-based sources such as burning in the savannas and tropical forests and for non-point
sources such as dust storms. Space-based observations for water quality estimation are currently
limited to water colour and temperature, both of which are linked to pollution issues. New
sensors under development are likely to widen this contribution. The observation and tracking
of atmospheric pollutants is seem as part of the responsibility of GCOS and coastal pollution
will likely be considered by future joint GTOS/GOOS activities. In related health areas, the
observation of land cover properties coupled with climate observations has considerable bearing
on possible changes in the epidemiology of many diseases, and could become one of the major
concerns of the proposed Global Health Observing System (McMicheal et al, 1993).

Loss of Biodiversity
Many aspects of the loss of habitat and ecosystem biodiversity can be directly observed from
space including such important indicators as fragmentation. Space based observations cannot
contribute directly to surveys of species diversity, though information on land cover and terrain
characteristics can assist the location of field sampling.

52

Climate Change
The requirements for terrestrial observations have been considered in some depth by the joint
GTOS/GCOS Terrestrial Observation Panel in its GCOC/GTOS Terrestrial Observation Plan
for Climate Observations. Many of the recommended observations were space-based. Among
the contributions of space-based observations is contributing to the closing of the global carbon
cycle through monitoring of changes in the areal extent of forests and rates of regrowth since
the latter impacts sequestration. Some surface conditions that are precursors or early warnings
of climate change may be easily observed from space. Variables such as global snow cover,
gradients in surface albedo and vegetation characteristics may be important indicators of climate
change. Various space-based land observations are being used in the parameterization of
GCMs, including albedo, surface temperature and spectral vegetation indices used to estimate
photosynthetic capacity and to estimate the partitioning of energy into sensible and latent heat
fluxes. The impacts of climate change on land cover and land use will also benefit substantially
through the use of space observations. Global and regional response models are currently under
development that uses space-based observations to estimate global biogeochemical cycling, net
primary productivity, ecological response and the hydrological cycle.
The Role of GTOS in Relation to Space-Based Observations
GTOS can play a major role in improving the quality of space-based observations to meet its
needs. This can be achieved through a number of steps. Firstly there needs to be objective
assessments of the deficiencies in observations and an evaluation of the extent to which these
needs can be met by space-based observations. There are several ways in which space-based
observations can be improved in calibration, geometric registration, removal of unwanted
effects for example by atmospheric correction, improvements in acquisition strategies to
increase data coverage, creation of higher order products and specification of the characteristics
of new sensor systems. One property of particular relevance to GTOS which is often poorly
described is geolocation: this is especially important for the detection of change because of the
heterogeneity of the land surface. The space agencies and their partners in the ground segment
are also important since they are responsible for the format of data products, their meta-data
information systems, and the operation of delivery systems. They often also determine pricing.
GTOS should seek to become an affiliate member of the Committee of Earth Observation
Satellites so that it is better placed to encourage the improvements in the supply of data sets
based on space observations. It will also need to work bilaterally with individual national and
international agencies. GTOS should work closely with the other global observing systems to
present a unified statement of needs so far as possible and should also seek to work
cooperatively with related organizations such as IGBP-DIS and WCRP, when dealing with the
various space agencies and committees.
Because of the magnitude of the tasks involved GTOS will have to consider establishing a space
observations panel of a form similar to that of GCOS. Given that GTOS and GCOS have many
requirements in common, it may be preferable to have one joint panel.
GTOS will also have a major role in assisting its regional and national components to
understand the contribution of space-observations and in improving the quality of acquisition of
data in terms of data suitability timeliness and pricing.
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Main Types of Space-Based Observations Meeting the Needs of GTOS
Five main types of data can be identified.
• High spatial resolution optical data. This category includes data from systems such as
Landsat, SPOT, IRS, and MOS, with resolutions of 80m and finer. These data are useful for
more detailed surveys, but also increasingly being used for very large area estimations of
land cover as in the Landsat Pathfinder project. Use of these data have been limited by high
costs though older Landsat data are now available at much lower cost when used for research
purposes. An internationally coordinated effort to provide global coverage of high spatial
resolution data every 5 years would provide an extremely valuable source of data for land
cover and land use data;
• Active microwave data. Microwave data from space borne radars are becoming increasingly
available, and are already being used for forest mapping by the EU/JEC TREES Project;
• Coarse spatial resolution data from polar-orbiters. In recent years data from sensors such as
the Advanced Very High Resolution Radiometer have become increasingly important for
land applications especially for monitoring vegetation dynamics. Their value lies, in
particular, in the high frequency of data acquisition, resulting in near global coverage twice
daily. These coarse resolution data are also important for estimation of the thermal properties
of the surface for estimation of properties such as surface albedo and evapotranspiration.
Optical data have been operationally used for estimation of snow cover, though data from
passive microwave sensors are replacing this source because of their better capabilities in
forested areas. Continuation of the AVHRR 1km project is important for a number of key
GTOS objectives;
• Data from geostationary satellites. Geostationary satellite data have the advantage of very
high temporal resolution and have been used for estimation of rainfall through cold cloud
duration statistics, but remain a somewhat under-utilized source of data for terrestrial
applications;
• Data for improving the global topographic database. Currently the global topographic
database especially that available to civilian users is severely deficient for many applications.
Space-borne sensor systems are available which could be used to improve this database.
Systems Requiring More Research
Generically GTOS has to be cognizant of the very wide range of new sensors that are now in
use or are to be launched in the next few years as part of programs such as ESA’s ERS-2, the
vegetation instrument of SPOT IV and the multiple sensors of the international Earth Observing
System (EOS) as well as many others. Disseminating information to improve understanding at
regional and national levels about how the new data products from these many sensors can
contribute to meet regional and national needs will be an important role of GTOS.
New capabilities which still require research to bring them to an operational status include the
use of radars for land surface monitoring including the possibility of estimating biomass, the use
of radars for soils and regolith investigations, and the potential of hyperspectral sensors for
biochemical sensing of canopy properties. At the national level in particular, it is also relevant
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to note the planned launch of commercial very high spatial resolution systems (sub 5m) which
will have considerable benefits for topographic mapping.
Required Improvements in Space Observations
A detailed specification of the improvements needed to meet the needs of GTOS is beyond the
scope of this document. Nevertheless we can identify a number of areas where improvements
can readily be made, and are generally receiving attention under the CEO initiative:
• Improvements in meta-data information systems. Users often find it extremely time
consuming even to find out what space data are available to meet their needs. Improved
meta-data and much better meta-data information systems are essential to ameliorate this
situation. GTOS should collaborate with the CEO, GRID and others to overcome this
problem;
• Improvements in acquisition strategies especially for fine resolution data systems are needed
to improve the coverage and frequency of data collection;
• Definition of more-user friendly products better suited to the needs of users working in
technical environments with widely varying sophistication;
• Changes in pricing structures to make space-based data more widely available;
• Improved geolocation and representativeness of data: this will be especially important for
change detection and for relating detailed site investigations to space-based observations.
Partners for the Supply of National and Regional Information
An important part of the information accessible from the GTOS system will not come directly
from site-based observations, but will be derived from the statistics collected at a national level
for purposes of national planning and international treaties. These data are typically reported
either for the whole country or for administrative subdivisions of the country, such as states or
districts. The information should, like all data in the GTOS system, be recorded in
georeferenced form, but in this case the georeference will refer to an area rather than a point.
The data should be obtained in the most highly-resolved spatial form that is available. Most of
the statistics are reported on an annual basis; in some cases a longer time interval may be
appropriate. The data should be recent (no more than five years old), but need not refer to the
current year. They would therefore have little commercial value. In some cases it may be most
efficient to obtain the information via other regional or global collection mechanisms rather
than directly from the nations.
Some of the main information which should be accessible through the GTOS system or readily
relatable to GTOS data is detailed in Annex 5, Table 7. It includes the following: agricultural
production and export statistics (including food, timber, fibre and animal products); imports,
production and exports of pesticides and fertilizers; human and livestock population; outbreaks
of novel pests and the spread of alien plants; the boundaries of conserved areas; rare and
endangered species within the national territory; emissions of gaseous, liquid and solid
pollutants; GDP, income and literacy.
A second but very important data source that GTOS in situ observations must be relatable to are
the large (and growing) number of environmental information systems, which are commonly
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non-site based. Table 7 illustrates the range of potential partners. Some of them are regional
inter-governmental bodies like the European Environmental Agency (EEA) and EUROSTAT
and the Centre for Earth Observation (CEO). Many of them are non-governmental
organisations, for example, the World Conservation Monitoring Centre in Cambridge, UK,
which collects data on the location of conserved areas in relation to threatened habitats, global
vegetation and a wide range of terrestrial ecosystems; the World Resources Institute in
Washington DC, which publishes a state of the global environment report; and the Data
Information System of IGBP. Others form part of the UN system, such as GRID or the
agricultural statistics system of FAO. GTOS should not try to duplicate (or take over) the
activities of these networks, but should come to a mutually acceptable agreement with respect to
interconnectivity and data sharing. The topic-based networks are much more likely to identify
the relevant issues efficiently, and respond to new emerging issues, than a global integrative
system such as GTOS. GTOS should therefore be continuously scanning for new networks and
linking them to the system. It should also, in some cases, take over network responsibilities
when the initiating organisations become extinct.
Table 4 Partner Organizations and Programmes
Land use, land Pollution
cover
and and toxicity
degradation
UNEP
GEMS-Water
FAO
GEMS-Air
ISRIC
CORINE
IGBP/HDP
EEA
EUROSTAT
UNEP

Biodiversity

DIVERSIT
AS IUCN
MAB
CITES
WCMC
RAMSAR
IBPGR
Smithsonian
Institution

Water
resources
management
GCOS
WHYCOS
GOOS
ECN
NAWQA
CORINE
LOICZ

Climate
change
IGBP
GAW
GCOS
GEMS-Air
FAO-Soils
WWW

IV. Data Management, Access and Harmonization
Vision Statement
GTOS needs a data management and distribution system that will:
• Promote and facilitate the access by individuals, institutions and nations to relevant regional
and global-level information relating to the terrestrial environment;
• Assimilate disparate observations of the terrestrial environment from a large number of
sources and locations, and integrate them into regional and global information products, or
facilitate their integration by other data and analysis structures;
• Create explicit links between data which are operationally collected or managed within the
GTOS programme, and related data outside the direct responsibility of GTOS, by means of a
data referral system.
The data management system should be constructed, as far as possible, using off-the-shelf
application tools and pre-existing or planned communication systems. It should be sufficiently
flexible to incorporate or link to data sets originating outside GTOS. Much of the data system
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could be online, but the data in it need not be ‘real-time’, i.e. immediately up-to-date. A realistic
elapsed time between data collection and its appearance in the data record is weeks to months.
Data networks linking the global centre, the regional centres and other data centres would be
primarily electronic, with magnetic and optical media as a parallel alternate system, especially
during the transitional period until all participants have equal access to electronic networks. The
user interfaces should be standard, regardless of the medium of data exchange.
The content of the information system would include:
• Data, consisting of:
in situ observations
remotely-sensed images and products derived from them, such as land cover
classifications
the output of models, such as climate surfaces or net primary production fields;
• A data referral system, which would point to the location and type of data describing the
status and trend of the terrestrial surface, and causal factors relating to them. Such data could
be either within the GTOS system or outside it;
• Metadata, ie detailed descriptions of the origin, method of determination or derivation,
reliability and limits to the interpretation of all variables;
• Models, interpretive tools and decision support systems which had passed peer scrutiny;
• Tools for inputting, accessing, and analysing the data.
The structure of the data system should be distributed, with a global centre and regional centres
of approximately the same size, but different functions. There would be an operational analysis,
interpretation and reporting function at both global and regional levels. Large-volume
associated data sets, such as satellite images, would be accessible through the system, but not
stored, manipulated or maintained within it. Similarly, model development is not part of the
system, but would draw data from it and return results where appropriate.
The components of the data management system would be:
• A data input system. It must be possible to enter data into the system at several levels.
Quality control and metadata cataloging must occur at the point of entry. The principal point
of entry of in situ observations will be the national level, from where the data and metadata
will pass to regional centres and then to a global centre. The distributed nature of data input
requires that the protocol must be simple and robust, and the hardware inexpensive.
Remotely-sensed data and model outputs will generally enter at the global or regional levels,
and will require a different set of protocols;
• An on-line data storage system. The data should be stored in a series of relational databases.
Recent copies of the regional databases should reside at the global level as well as at the
regions, and vice versa. A subset of important databases, including the metadata referral
system, should be distributed in CD-ROM form on a regular basis;
• A data retrieval system. Access to the databases by users should be on a read-only basis,
except for the facility for users to make comments on the database contents. Access to the
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main databases should be free and open, via electronic networking. There should also be a
facility to satisfy data requests submitted by standard mail, telephone or fax, at incremental
cost to the user;
• An archiving system. Archiving on stable media should take place routinely at all levels in
the system. Use should be made of existing archiving facilities, such as the satellite operating
agencies and the World Data Centres, for duplicate copies and for very large image data sets.
The archive should also conduct pro-active data rescue where relevant data sets are at risk of
loss or corruption. This could include making electronic or photographic copies of
paper-based data, and transferring aging data on magnetic media to optical media;
• A data communication system. This would consist of two parallel systems, which should be
functionally transparent to the user. The one is electric networking, such as Internet. The
second is the exchange, via postal services, of discs, tapes and CD-ROMs;
• A data analysis and reporting system. There should be sufficient computing power and
appropriate software at all levels to allow the data to be sorted, summarised and queried.
Principles of Operation
The guiding principles of GTOS are in general similar to, and compatible with, the guiding
principles for GOOS and GCOS. The principles listed below are taken largely from the GCOS
draft document with some minor additions and changes. These principles would apply to all
GTOS data management entities. For example, all regional centres would be bound by the same
data principles as the global centre.
• The success of GTOS will depend on an early and continuing commitment by participating
governmental and international organizations to collect, maintain, validate, describe, make
available and distribute high quality data on a long term basis;
• Full and open sharing of data and products in the GTOS system is a fundamental
requirement of GTOS data management. Data and products should be available at lowest
possible cost to users;
• Suitable archiving capabilities should be ensured for GTOS data. When data sets are too
large for archiving within the GTOS system, GTOS would rely on other organizations to
store those data. Mechanisms need to be established to control review, purging and
elimination of data sets;
• Metadata. The data management system will maintain, manage and distribute complete
metadata sets. Data archives must include easily accessible information about data holdings,
including long-term quality assessments, supporting ancillary information and guidance and
aids for locating data. The system will maintain a directory of all data and metadata within
the GTOS system. No data should enter the system until a metadata trail is established.
Adequate metadata are the primary quality-control criteria for entry into the system;
• Internationally agreed standards should be used to the greatest extent possible. The
underlying principle should be that the parameters be standardised, rather than the methods
by which they are collected;
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• Data management centres will be more than data repositories. They will carry out activities
that give added value to the data sets and provide value-added products to the user
community;
• Initial periods of exclusive data use. For those data and products of relevance to GTOS in
which selected investigators or organizations have initial periods of exclusive use, the
information should be made openly available as soon as it becomes widely useful for GTOS
purposes. Once the data enter the GTOS system they should be immediately and freely
available.
Management and Structure
The GTOS data management system will have three levels of operation. There will be a central
management unit preferably located at the GTOS central coordinating unit, a series of regional
centres and national level organizations. Wherever feasible the regional and national activities
should be developed at existing bodies, e.g. START. Each of the three levels will have both
common and specific data management activities.

The central coordinating unit will have the following responsibilities:
• Accessibility to GTOS data. It will be the primary entry point for users outside the GTOS
system to find where various data sets are located and what they contain. The central
coordinating unit will develop and maintain a directory for the above purposes and make this
available to the regional centres and routinely update this directory. It is also the major point
of linkage to the GCOS and GOOS systems;
• Support for the assessment of terrestrial environments. Data provision for global and
regional assessments of the terrestrial environment, in cooperation with relevant national and
international scientific organisations;
• Establishment of standards. Set standards for the operation of the GTOS data management
system as well as overall quality assurance guidelines;
• Data referral system. Scan the international literature for relevant data sets, and maintain the
data referral system;
• Archive global-level products;
• Training. Coordinate and train the regional centre personnel;
• Assurance of free flow of data. Ensure the free flow of global-level data, especially
satellite-based remotely sensed images, to the regional level.

The regional centres will do the following:
• Maintain and archive data files relating to the regions;
• Train national participants and provide overall regional coordination of training activities;
• Promote data acquisition. Serve as active agents for acquisition of appropriate data sets for
GTOS, and provide regional input to the data referral system at the global level;
• Support regional assessments and reporting of information;
• Distribute products. Pass on global data analyses to regional and national entities.
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The national level activities should be the role of a specific national institution, which should
take the primary responsibility for maintenance of national (and GTOS) data sets. Many
countries will need assistance in institution building, human resource development and
equipment costs during the establishment phases.

National level centres would do the following:
• Data/information source. Be the principal sources of global, regional, and in some cases
national information on the terrestrial environment for national governments and national
institutions;
• Data entry. Be the primary point for in situ data entry into the GTOS system;
• Primary quality control. Be the primary point where quality control activities would be
applied;
• Interpretation and validation. Interpret and validate global products for local use.
It is estimated that the central coordinating unit would eventually have 3 to 4 professional staff
dealing with data management and exchange. Each regional centre might have 4 to 5 staff. It is
envisioned that about six regional centres, if properly located and managed, could perform the
required regional functions. The size of the national centres would vary according to the
commitment of individual national governments, depending on the degree to which the centre
would be required to provide sub-national resolution. The minimum requirement at the national
level for GTOS purposes would be one person. Total operating costs of the data management
system at the regional and global levels, including hardware, software and staff costs, could run
to US$3-4 million per year. The cost will be determined by many factors, not the least of which
are possible arrangements with existing institutions to host and co-sponsor national and regional
centres. One approach for calculating start-up costs at the national level (especially training,
hardware acquisition and initial support), suggest a possible US$2-5 million per year for 5
years.
Equipment needed at the global and regional centres would be of work station capability, and a
minimum of PC capacity (including CD-ROM drive and modem) at national level. Each centre
would be located in a host institution which could significantly reduce operating costs if the
host organization would donate fixed overhead costs such as space, heating, electricity and
similar support services.
Products and Reporting
There will be a core set of required products, some stemming directly from GTOS activities
others being the outcome of joint activities with bodies like CEOS. Many of these products
would have a preset frequency of publication. Types of products should be:
•
•
•
•

Databases, metadatabases and referral systems themselves;
Statistical summaries extracted from the data;
Processed information (value added interpretive reports, assessments and data sets);
Administrative reports (status reports on the operation and use of the data management
system).

The function of the environmental status reports (2 and 3) is to provide periodic consolidated
assessments of environmental data, both in terms of the current state of resources, and trends in
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their condition. These assessments should be undertaken in conjunction with appropriate
scientific institutions in participating nations and sponsoring organizations, and should be
performed at the global and regional levels (as well as the national level, which is outside the
direct responsibility of GTOS).
GTOS will also maintain internationally-accessible on-line directories of data and information
available through GTOS, updated semi-annually. The directories will provide information on
data holdings, supporting metadata and guidelines for locating and obtaining data.
The function of the administrative reports is to help assess the cost-effectiveness and utility of
the system, and to guide its activities. They should include items such as the quantity and type
of data assimilated, the number and type of data requests satisfied, and the number and type of
requests that could not be satisfied. In general, the guiding principle in report generation and
analysis is that these activities should take place close to the data generator rather than at a
remote location.
Quality Control
The planning group in general agreed with the principles for quality control as outlined in the
GCOS report. However, there are a few overriding principles that need to be re-emphasized
here. In general, a data set should be accompanied by as much supporting information as
possible when it enters the data system (ie accompanying metadata). The minimum set of
metadata must include:
• Reference point. To what point or area does the data item refer (geo-referencing)?
• Time. When were data acquired (moment or period)?
• Data collector. Which organisation was responsible for data collection?
• Methods used. What methods were used to collect and calibrate data?
• Units of measurement. What are its units of measurement?
Where possible, data should be accompanied by an indication of their repeatability (e.g. ranges,
or standard deviations). Before the data become available to users in the system, they must first
pass a metadata adequacy test, and then there must be generated a record in the GTOS data
catalog and data referral system. Allowances should be made for data to be taken into the
system of potentially widely varying data quality, provided that the ultimate user can access
enough accompanying information so that a reasonable assessment can be made of the overall
quality of the data set being used.
The Central Coordinating Unit in conjunction with appropriate advisory committees will have
to develop a set of rules that will help the data managers screen what data are acceptable and
how much and what kind of supporting metadata will be required.
GTOS data should, in principle, be both geo-referenced and time-referenced. However, it is
recognized that some data sets of potentially significant value to GTOS are not geo-referenced.
Geo- and time-referencing should be a guideline and not an absolute requirement.
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Data Access
Principles
Access of environmental data for terrestrial ecosystems is viewed from the time of data
acquisition to the time of delivery and use of environmental information by decision-makers
and policy-makers. The guiding principle will operate under the concept of the free flow of
data/information always in accordance with the principle of reciprocity and equity.
Constraints/Copyright Issue
Not all environmental data are directly and freely available. Institutions and/or Governments
may have strict rules regarding access to and use of data acquired by them. Although GTOS is
built on the principle of free flow of data, GTOS has a role in developing a protocol on data
exchange that does not limit unduly the ability of nations to use it. GTOS cannot, however,
enforce any rules on how data will be used after they have been released.
Recommendation
GTOS should develop agreements with institutions (governmental and non-governmental)
participating in GTOS, that data will be shared for mutual benefit; that institutions who have
assembled data should always be acknowledged and be properly informed on how the data are
being used. Such an agreement cannot be enforced by law but depends on the mutual trust and
good faith of those involved.
Means of Access to Data
Data can be accessed by a variety of means, ranging from postal delivery to electronic mail to
communication via Internet. Although the electronic information exchange facilities are
possibly the strongest asset for data access and data exchange, on a global basis there is great
inequity in the access to adequate electronic facilities. To have access to such facilities will
require costly investments in infrastructure, investments which many nations currently cannot
afford.
Recommendations
• Training and extension. GTOS should give high priority to the critical needs in developing
nations for training and for electronic access facilities, working in collaboration with various
partners including GCOS, the World Bank, UNDP, UNESCO and START;
• Data structures. GTOS should ensure that data structures are well documented, because data
formats may change;
• Alternative access. GTOS should ensure that alternative means of data access are always
being provided;
• Internet access. GTOS should establish Internet nodes as well as other electronic
communications systems in their regional centres and provide these centres with all
electronic communication facilities available now and in the future;
• Electronic constraints in developing countries. GTOS, recognizing that electronic access to
data among countries and within developing countries will remain a constraint for some time
to come, should continue to seek and promote ways to remove these constraints.
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General Accessibility of Data
Although efforts are underway everywhere to collect and store information in digitized format,
there is still a wealth of documented natural resources information within countries, which is
not readily accessible and not in computerized databases. Every effort should be undertaken to
access this information and to save it before it is lost.
Recommendations
• Directory of extant data sets. GTOS should promote the preparation of a directory of existing
data sets through the development of a (computerized) bibliographic and cartographic
information system. GTOS can play a catalytic role in this task;
• Standard metadata documentation. GTOS should push for the development of a standardized
metadata documentation system to manage these databases, and support the on-going
activities of GCOS, GRID, WCMC, CEOS, CIESIN and others.

Data Liability Issue
Although GTOS will aim for the highest quality of data, which can be accessed, GTOS cannot
be held responsible for any errors in the data sets that are compiled by others. This should be
clearly spelled out in any agreements between GTOS and other parties.
Institutional Constraints
In the initial phase of GTOS it might be expected that many potential participants in GTOS may
be reluctant to contribute to GTOS. GTOS should from the start promote the concept of
reciprocity and not give the impression that data access is only a one-way flow of information.
Recommendations
• GTOS should stimulate institutional willingness to share information;
• GTOS should create and promote opportunities for national scientists to be recognized (joint
scientific publications; participation in international workshops);
• GTOS should develop activities to improve national capabilities through on-the-spot training
of national scientists, so that they become directly involved in data acquisition, electronic
storage and data sharing. In this way they share in the ownership of the GTOS database and
will become motivated to share their experiences with fellow scientists (The ‘SOTER
experience’ in Latin America is a good example of data exchange promotion);
• GTOS should encourage twinning partnerships between institutions/nations of long duration
to stimulate data accessibility, to strengthen institutional capabilities and to build the human
resource potential, as discussed in the section following.
Financial Constraints
The cost of obtaining satellite-acquired images is at present prohibitive for most institutions,
even though there is a likelihood that remotely sensed images may become less expensive in the
future. Analysis and interpretation of aerospace images of the Earth require hardware/software
and human skills which may be extremely limited in many countries, and GTOS may need to
63

help mobilize resources through the World Bank, FAO, UNDP, CEOS, and others to overcome
these constraints.
Harmonizing GTOS Data Sets
The Need for Harmonization
GTOS must be capable of generating data of biophysical and socioeconomic attributes with
appropriate metadata that are consistent in time and space. All data must be accurately
geo-referenced. Without such consistency, temporal trends will be difficult to discern and
comparisons from one place to another will not be possible nor will it be possible to carry out
reliable spatial aggregations. Without harmonization significant variability may occur within a
data set that is unrelated to the actual terrestrial properties being measured. One of the key tasks
of GTOS must be to set up procedures to ensure sufficient harmonization such that the data sets
meet user requirements for consistency.
Harmonization may be defined as the process which removes unwanted internal variability
within a data set as a result of data acquisition, processing and classification procedures. These
processes must be documented as metadata. Hence, the degree and type of harmonization
should fundamentally depend on the specific applications of the data sets.
The concept of harmonization is also strongly related to the concept of inter-use as recognized
by the Committee on Earth Observation Satellites (CEOS). Indeed, successful harmonization is
a necessary prerequisite for successful interoperability of a broad array of disparate terrestrial
and environmental data sets.
Harmonization of categorical data has received most attention, especially those data related to
land resources categories. Notwithstanding the importance of harmonization of categorical data,
it is believed that more and special attention should be given to many other types of
harmonization.
Harmonization of In Situ Observations
A considerable amount of diversity exists in the methods used to collect ground/field
observations. This is apparent even for quite basic meteorological observations. Understanding
whether the resultant differences are important and hence whether the values need to be
modified to produce a harmonized data set is of considerable importance.
It is highly unlikely that many of the differences and incompatibilities in observation protocols
can realistically be eliminated. Of greater importance is to ensure that the resultant data sets are
not distorted as a result of such differences to an extent that the data sets have their value
significantly reduced in value.
GTOS should aim to reduce variations in in situ observations by creation of manuals and
various other activities as described in the following sections.
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Harmonization of Continuous Data
Many factors mitigate against the creation of internally consistent data sets. Taking remotely
sensed or geophysical observations can provide examples of the following issues:
• Variability of sensor response through time. Calibration can change through time making it
difficult to separate instrument drift from real changes. Internal and vicarious calibration can
in part remove such problems;
• Inter-sensor variability of similar systems. This can hinder the creation of a single data series,
as in the case of the different AVHRRs on board the NOAA series of satellites, or even
between completely different sensors, such as higher resolution instruments (Landsat
multispectral scanner and thematic mapper; SPOT’s high resolution visible sensor).
Inter-instrument calibration may reduce the resultant distortions;
• Inter-sensor variability of disparate systems. Of more difficulty than the previous task is the
inter-linking from very different sensor systems. For example, the data gaps in high
resolution optical observations of tropical rain forests might be filled with much coarser
spatial resolution observations from the AVHRR or from a completely different instrument
such as an active microwave sensor. The issue is not whether the raw data sets can be
harmonized but whether the information/measurement fields can be sufficiently harmonized
to generate results which are still of value to the end user. For example, some sort of
‘calibration curve’ relating deforestation detected through analysis of MSS data to that
detected through analysis of AVHRR data;
• Location-dependent variations. These are caused primarily by viewing angle and
atmospheric effects. Such effects may imbed systematic seasonal variations caused by
factors such as solar zenith angle variation. Variations in atmospheric effects can occur with
high frequency, but longer term effects can also occur such as those following major
volcanic eruptions, creating distorting effects of stratospheric aerosols;
• Data gaps. Sensor failure or the obliterating effects of clouds can create gaps in data sets.
These then need in some way to be filled possibly by using another sensor or possibly by
spatial extrapolation or using ground knowledge.
Harmonization of Continuous and In Situ Observations
Linking in situ observations with remotely sensed observations is essential for many reasons,
especially in the scaling up of local observations and in validating measurements from remotely
sensed data. To carry out these tasks, it is essential that the in situ and remotely sensed data sets
have several of their properties reliably harmonized. This means not only including obvious
properties such as time and space coordinates but also ensuring that the same phenomena are
being observed. For example, a satellite sensor might measure the brightness temperature of soil
or vegetation whereas a conventional meteorological observation will be of air temperature.
Harmonization of Categorical Data
The international community has, for example, spent a considerable effort in the harmonization
of soil attribute data from different soil classification systems. Such harmonization is extremely
desirable and valuable, but is generally a very lengthy process. It requires the development of
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translation keys/lexicons so that classes created for the use with a specific legend may be
translated to another legend. It must be recognized that errors may be introduced in this
translation process, since criteria separating classes may not correspond exactly between
different schema.
Harmonization of Data Processing
Being able readily to use data and create harmonized data sets also necessitates uniform data
processing of the data in creating high level products. Again, taking examples from remotely
sensed data, it must be noted that typically different processing systems may generate remotely
sensed observations in many different forms. Variations may occur in the following ways:
• Internal geometry may vary according to projection;
• Data may be resampled in different ways. For example, nearest neighbour or cubic
convolution resampling methods may be used;
• As a result of the previous item, the data may be resampled to different resolutions hindering
the mosaicking of data sets;
• Different calibration values may be used in translating data from relative reflectance to
radiance values;
• Variations in atmospheric correction algorithms can occur between data acquisition dates
and hinder inter-use;
• Data formats may vary substantially, and data sets may be organized in very different ways.
Although these can usually be dealt with by the user, such variations can be a significant
hindrance to effective data use because of the burden of user-harmonization which is necessary.
Achieving Harmonization
Defining how to achieve harmonization usually makes little sense independent of a precise
knowledge of the use of the data set. Few data sets are free of internal distortion or
inconsistencies in time and space. The real issue is whether the data sets have sufficient internal
consistency such that they remain useful for the end user. Assuming that the required levels of
internal consistency and the degree of harmonization needed is known, the latter can be
achieved by a number of routes:
• Leave it to the user to achieve the consistency required. As far as possible, this should be
avoided since it will increase costs and reduce the levels of use of the data, and the
harmonization achieved may be quite local;
• GTOS should exert its influence through various international and national bodies to
improve harmonization. In terms of remotely sensed data, a key player will be the
Committee of Earth Observing Satellites (CEOS) and its constituent Working Groups;
• GTOS should establish standards for observations. For example, what should be the resultant
accuracy/error bars of the observations and what are the standards to describe how the
observations were made (the latter offering the possibility of cross-relating observations
made with different procedures)?
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• GTOS should define observational protocols especially for in situ observations, but it should
only carry out such time-consuming and expensive exercises after a thorough review of
whether they are likely to have practical impacts;
• GTOS should seek representation on the bodies defining protocols and standards at
international levels;
• GTOS should take a proactive role in advertising the existence of, and disseminating the
protocols and standards it recommends;
• GTOS should assume responsibility for an educational role through the mechanisms of
workshops and production/distribution of GTOS educational materials;
• GTOS should encourage activities/methodological research which analyze and demonstrate
the importance of harmonization. As appropriate, it should identify the key research
activities which need to be accomplished.
Support to National Bodies
GTOS cannot succeed without the active participation of the majority of developed and
developing countries, and the support of both policy decision makers and the scientific
communities in the two groups of countries. It is assumed that free access to compatible and
globally comprehensive data will be a sufficient incentive for most participants from developed
countries. However, global change is not a priority issue in many developing countries, and
generally they do not give priority to the type of data GTOS can provide. Thus the success of
GTOS will depend on its ability to alter this situation by being more responsive to the felt needs
of developing countries, and by giving greater material incentives for their participation, e.g.
training courses and equipment. In the stages many of these needs will relate to training in data
management and access to external data. This will also be the case with GCOS, and so joint
GTOS/GCOS training activities should be the norm when ever possible. GTOS should provide
the data and products derived from that data, which are needed to assess global environmental
changes and contribute at the national level to the development of appropriate policies and the
technical means for sustainable land and water development.
The design for GTOS must therefore reconcile global and local approaches, which should be
complementary and not mutually exclusive, and reflect an appropriate balance between user
needs and expectations. In particular, it should be designed on the basis of a critical examination
of the data requirements identified by national governments, since GTOS will rely heavily on
national agencies for data collection.
Unless GTOS can support national planning bodies in resources management and in their
reporting requirements under the terms of the post Rio Conventions it may be difficult to ensure
developing countries’s participation to GTOS, and hence to achieve its objective of
comprehensive global data coverage. The PG and especially its national needs working group
has focused precisely on this dimension, with particular emphasis on the information needs for
solving national and regional environmental problems and on the organizational mechanisms
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through which GTOS can stimulate and facilitate the contribution of scientists and governments
at the national level to the GTOS process. The actions required include the promotion of:
a) stronger conceptual and functional links between long-term global issues and local
observations with near term impacts, and
b) development of usable products for improving and formulating policies and strategies
for natural resources management at the regional, national and local level. This action is
likely to be beyond the resources available to GTOS, and therefore should be a focus of
its catalytic and collaborative efforts.
Current Status of Global Terrestrial Observations
There is considerable imbalance in the geographical distribution of monitored sites and the
range of terrestrial ecosystems represented. Most observations are for research, model building
and experiments on global environmental issues, and need a large group of scientists with
access to expensive equipment. Consequently, the sites and monitoring systems are largely
located in and funded by developed countries, who also fund a high proportion of the terrestrial
monitoring activities in developing countries.
Present research into global change processes is relatively well funded, although with current
pressures to reduce research budgets in developed countries the funding situation may
deteriorate. However, efforts to collect comprehensive baseline information on the state of land
and aquatic resources - or to analyze, monitor or report on changes in those conditions - are few
and generally poorly funded, yet they are vital to the improvement of resource management in
developing countries and to some global change models. Many developing country agencies
make limited use of global observations because the predominantly top down approaches used
for collecting data on terrestrial ecosystems do not relate closely to their needs. Bottom-up
approaches, however, although difficult to implement are more likely to lead to more productive
collaboration between the global change community, and scientists and managers working
primarily on national needs.

Constraints to Developing Countries Participation to GTOS
Divergences in prioritizing environmental issues although global environmental issues such as
climate change, stratospheric ozone depletion, and loss of biodiversity pose significant threats to
north and south alike, many developing countries experience more immediately life-threatening
environmental pressures in the form of inadequate water and food supplies, agricultural land
degradation, and urban pollution. Consequently, the monitoring of global change processes is
not given high priority. However, given that global change is the net effect of numerous human
activities occurring at local and regional scales, and that the impacts will be from the local level
upwards, global change is potentially a massive impediment to the well-being of a large number
of the world’s population.
Sound environment management is not just a technical but also a social, economic and political
issue as well. Consideration and comprehension of socio-economic driving forces is crucial to
the understanding of ecosystem processes, and their integration is essential to develop strategies
for sustainable land use.
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Current Status of Terrestrial Observations in Developing Countries
Many developing countries do not have an established tradition of systematic long term
monitoring, and hence have little or no indigenous capability to monitor, understand and
analyze environmental issues, though there are various on-going initiatives to improve the
situation. This results from the low priority given to ecosystem monitoring, shortage of finance
for monitoring and evaluation of terrestrial ecosystems, from the high cost of equipment and its
maintenance, and shortages of trained technicians and scientists in these countries. Assessments
of land resources, for example, are commonly performed in a fragmented manner, and tend to
be made for localised development projects. There are a number of bilateral and multilateral
efforts in this area but they are not directed at encouraging the use of common procedures of the
type proposed by GTOS.
There is a significant gap between data collection, and their analysis and use as a management
tool. Major reasons are low level of science and technology, lack of archiving capabilities and
insufficient financial resources to apply results of improved information. Weak science and
technology infrastructure is a serious limitation to the ability of national institutions to design
and implement investment projects, and to negotiate environmental conventions and protocols.
Hence the need for GTOS to contribute to data processing activities that provide the necessary
argumentation for different projects and programmes from those generally adopted.

GTOS Approach in a Local/National/Regional Context
The operational plan for GTOS should take account of national constraints, and help in the
identification of appropriate solutions to them, but without shifting from its primary objective
regarding improvements in monitoring and data management for global data sets. This can be
achieved through the definition and adoption of a set of guiding principles and a search for a
compromise regarding the interpretation of GTOS objectives and the definition of the major
issues to be addressed by GTOS.
Guiding Principles
• The strategy for the implementation of GTOS should seek a balance between development
and scientific needs, and between global and national/regional issues. National governments
are unlikely to support GTOS activities, unless they perceive clear benefits from doing so.
GTOS must therefore identify and address specific national level needs, and an early task of
the proposed technical advisory group should be the identification of quantifiable benefits to
developed and developing countries;
• It is clear that the existence of a science base in each country is essential to fruitful
international collaboration and to well reasoned global as well as national approaches to
environmental issues. Global research cooperation presupposes functioning national research
programs. Therefore, the institutional capacity of national research needs to be strengthened
to permit many countries to actively participate in GTOS programmes;
• GTOS will need to encourage nations to develop appropriate data policies, including policies
on access, equity, affordability, sharing, archiving and distribution, and on quality control.
An important element of such policies is for GTOS to give high priority to training needs and
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the extension of electronic access facilities. Wherever possible the latter should build on
other on-going initiatives, such as the US National Academy of Science program to improve
email access in Africa;
• National data and information needs to be addressed by GTOS should have global or
regional relevance. They should also encompass environmental problems for which
monitoring activities can be translated into products and technology packages contributing to
their solution. Such products will also provide national policy makers and managers with the
know-how to assess environmental conditions and trends, identify and evaluate policy
options, and to design sound management schemes for the sustainable development of
terrestrial and fresh water resources. If these proposals are accepted then it follows that
GTOS should eventually have the capacity to contribute to data processing to develop such
products and packages;
• The sampling strategies proposed for GTOS have significant implications for both financial
and manpower resource allocation. They must therefore be responsive to participating
countries immediate needs. In particular, the five tier sampling hierarchy recommended by
the PG - and described earlier in this document - should pay special attention to the relevance
of the proposed measurements, sampling intervals and scaling mechanisms to local and
regional issues, in order to motivate the participation of developing countries.
Capacity Development and Other Potential Benefits of National Participation in GTOS
It is clear that the improvement of national environmental research and monitoring capacity is
not given high priority in most developing countries, because of the many and competing
demands for their scarce financial and manpower resources. It follows, therefore, that not only
do they need greater incentives to contribute to GTOS, but also they require access to greater
expertise and the provision of adequate financial resources. Consequently, one of GTOS’s first
activities must be to promote wider political awareness of the national benefits of national
participation in GTOS.
Capacity development for environmental research fits within the larger goal of nationally based
environmental management capacity, and the achievement of sustainable development.
Countries need their own scientific capacity to produce state of the environment reports,
environmental guidelines and action plans, environmental impact assessment, and cost-benefit
analysis, rather than relying heavily on non-nationals working for the international and bilateral
agencies. This should be promoted by GTOS through direct or indirect support for
environmental policy development, human resources training, environmental education, public
information technology transfer and institutional development.
Capacity development assistance should aim at achieving greater self- reliance of national
institutions through the provision of an adequate institutional framework and material support to
enable researchers and managers of these institutions to use fully their skills. This will lead to
the build-up of a national capacity to perform long term analyses of environmental changes and
impacts, and to develop national environmental standards. Potential benefits of national
participation in GTOS fall into four main categories: enhancement of the database available for
policy development, human resources development, access to new technology for environment
assessment and management and financial support.
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Enhancement of National Databases for Policy Development
This can be achieved, for example, by the addition of new categories of data/information
(spatial data on land cover, land use, etc) and improvement of the accuracy, efficiency and cost
effectiveness of the data collection system and methodology. Developing countries’
involvement with GTOS would help them include global and regional dimensions in their
environmental strategy and policy formulation.
GTOS should help meet the needs of national and local decision makers for better information
and policy formulation and implementation. Improved terrestrial data are a key requirement in
this regard. The needs relate to interpretation of the national state of the environment,
assessment of the efficacy of existing conservation systems in natural and managed ecosystems,
planning of sustainable land and water management for sustainable development, and the
formulation of national action plans. These all require the enhancement of the ability of national
land resource institutions to produce and deliver reliable and up-to-date information on land
resources.
GTOS should focus on the development of key products to satisfy these needs. Examples are
national and regional land cover and land use maps, and early warning systems that allow
timely monitoring of changes in land resources (soil, vegetation, water) to identify and permit
prompt remedial action on land degradation before irreparable damage occurs.
GTOS will assist developing countries to meet the post Rio conventions obligations.
Conventions have requirements which many developing countries will find hard to meet as a
consequence of lack of funds and low levels of science and technology. GTOS can provide this
assistance in many forms. GTOS will act as a framework for collaboration. It will assist with
data provision, stimulate methodology development, help to provide products to improve
understanding of processes and assess conventions effectiveness, and for the development of
national or local action plans.
Human Resources Development
Sound monitoring programmes require well trained staff at national resources institutions,
capable of operating and maintaining monitoring equipment, and collecting, storing and
retrieving information on their natural resources. Developing countries also need specialists
who can actively participate in international discussions on global environmental issues, and
can relate global issues to national and local problems.
GTOS should therefore support or catalyse national and regional training programmes for
technicians and scientists, with particular emphasis on the establishment and operation of
computerized databases for natural resources and terrestrial ecosystems, and back-up services.
These programmes would operate as far as possible through the GTOS regional centres, and
with full cooperation with existing international programs such as the joint training and research
activity of START and UN programs such as UNITAR.
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Access to Appropriate Technologies
Commonly required technologies include those for land and water monitoring, and for problem
analyses and data management. Many of the requirements will be a direct consequence of (a)
human resources development, (b) GTOS efforts to enhance data management and access
systems and site instrumentation, (c) GTOS activities to help solve some transnational
environmental problems and to assist countries in meeting their reporting commitments under
the post Rio conventions, and (d) actions to improve in situ observations. Efforts to assist in
capacity development should be responsive to recipient interests and needs. They should
include actions on access to information through support to libraries and individual access to
literature for environmental research. The new technologies in electronic support depend on the
capacity of costly telecommunication facilities that are out of reach of many countries.
Alternatives such as the use of CD-ROM should be promoted where on line access to electronic
means is not available.
Financial Support
Continuity of measurements and its link to funding limitation and personnel motivation should
be carefully examined. Since it is essential for GTOS to obtain long term data from selected
sites, funding for them over an extended period must be marshalled, and GTOS should assist
countries in obtaining the resources required. GTOS should play a catalytic and supporting role
for external funding, or in the case of small requirements, it might directly provide funds to
developing countries. It is clear, however, that the financial implications of achieving GTOS
goals are immense and beyond the scope of its budget. In this situation, promoting and
strengthening of national monitoring capabilities are areas that should be dealt with in
conjunction with the more general socio-economic development framework. Therefore the PG
recommends that GTOS should play a support role to developing countries in their bids for
GEF and other funding.
Global Benefits from Developing Countries’ Participation
Widespread participation of developing countries to GTOS is necessary for the achievement of
GTOS objectives. Potential benefits to be derived from this participation include:
• Truly global coverage of GTOS activities. GTOS has a vital need for information input from
everywhere. Most global problems have research needs that are site-specific and local and
for which, local scientists will make important contributions towards their solution;
• GTOS will be the necessary vehicle for a widespread, active participation of developing
countries in the effective implementation of the international agreements and protocols on
environmental problems.
The Coordination Framework
Inter-Agency Coordination
If UNEP, FAO or one of the other UN agencies takes day to day responsibility for the
implementation of GTOS, but with other agencies taking responsibility for particular activities,
e.g. WMO for hydrological aspects and UNESCO for biosphere reserves, then there may be a
need for an inter-agency committee. Given that the major users of GTOS data may include the
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Committee for Sustainable Development (CSD) and international convention secretariats, there
could be some benefit in having such a committee operating within the UN-CSD, ACC or
Earthwatch framework. CSD could provide the political framework, and receive technical
inputs through the UN-System wide Earthwatch, which has a mandate to provide an
inter-agency overview of the Global Observing Systems. If a non-UN agency takes day to day
responsibility then the same coordination mechanisms could be used to place UN agency and
international convention views and requirements to the GTOS Steering Committee and
Technical Advisory Group (TAG).
The Steering Committee and Technical Advisory Group
The proposed framework for strategic and technical guidance, coordination and liaison is
presented in Figure 2. The objective is to accommodate the wide range of user interests that
follow from GTOS’s extensive mandate without creating an unwieldy and expensive
management process. It has two guidance mechanisms and three main operational levels: a
secretariat cum Central Coordinating Unit linked to a flexible number of regional components,
which in turn provide the links to national centres or committees. Some of the regional
components, however, will need further consideration, and should be allowed to evolve in
response to user initiatives at the regional or national level rather than being part of a pre-set
structure.
GTOS should be guided at the strategic level by a steering committee composed of major
sponsors and principle collaborators such as IGBP and CEOS, and representatives from each of
the main UN regions.
The steering committee should be supported by a technical advisory group composed of some
15 leading individuals in the fields of terrestrial ecosystem monitoring, ecosystem and global
change modelling, data management, and natural resource policy planning. Members would be
appointed in their own right and serve for of an initial period of three years and a maximum of
six. There should be an acceptable balance in the membership between managers, generators
and users of monitoring information, scientific disciplines, and geographical experience.
These two guidance mechanisms would be too small to involve the diversity of users and
breadth of the existing terrestrial monitoring networks, who should be regarded as the real
owners of GTOS. The Planning Group therefore recommends that the technical advisory
committee is supported by a group of 40-50 corresponding members who would contribute to
and/or comment in writing on documents prepared for the steering committee.
In addition, there would be the need for sub-committees to guide the development of
operational plans for particular functional or thematic components of the programme. It is
envisaged that the former would include data management and space observation needs, and
could be joint activities with GCOS and GOOS. The latter could reflect the five issues/themes
given in paragraph 3.1 (p. 15) and should include the existing GCOS/GTOS Terrestrial
Observation Panel for climate change aspects.
Central Coordinating Unit
The UN agency or NGO that takes day to day responsibility for GTOS should undertake to
establish the international secretariat/small central coordinating unit in the first half of 1996
(possibly 2-3 professionals in the initial years), and to introduce the financing of this unit into
their core-funded programme by the end of 1998, so as to ensure continuity of operation. Its
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priority tasks should be to bring existing networks and individual sites into tiers 1-4 of the
sampling hierarchy and to liaise with CEOS and others in the remote sensing community
regarding the formal establishment of tier 5; establish agreed protocols for data collection and
handling; prepare recommendations for the steering committee and PG on the selection of
additional sites; negotiate with site controllers on their introduction into GTOS; and seek
possible hosts and collaborators for regional centres.
Regional Bodies or Contact Points
These should be established with the assistance of the Central Coordination Unit, and play a
central role in the establishment of cost-effective solutions to national participation in GTOS.
They could involve the pooling of resources and undertaking of collective or designated actions
on problems or technical solutions of common interests, with training and capacity building as
one of their main tasks. The Planning Group recommends that the regional components should
be an emergent property of the system, with both the number and speed of establishment being
set by the wishes of national groups of data providers and users. Existing bodies such as the
START office for Asia, the Inter-american Institute for Global Change Research or UNEP
regional offices could help to initiate such actions, and possibly be the centre for regional GTOS
components. In the early stages they could consist of one or two staff based at such existing
units, with a small number of regions being chosen as test beds for pilot activities to explore
regionally specific needs and opportunities.
Rationale for Regional Bodies
First, GTOS needs a regional scale network to achieve its objectives fully. Second, it is neither
necessary nor practical to create the necessary facilities in all countries of the world. Few
countries are currently capable of organizing and managing the sophisticated, high-quality
monitoring and data collection efforts needed to address contemporary environmental issues.
Although there are highly qualified individual experts in many countries, there are few sizable
centres of excellence in environmental fields that can provide advanced education and training
for terrestrial ecosystem monitoring. These regional bodies, if adequately staffed and equipped
would greatly benefit scientists, natural resource managers, policy makers and institutions of the
under resourced countries of the region.
Functional Benefits
Observing changes in natural and human resource parameters to mutually agreed, standardized
procedures, the use of common methods for determining baseline conditions and for data
storage would give countries improved availability of information on terrestrial ecosystems
comparable to their own. A regional body serving as a focal point could coordinate these
activities, develop guidelines and procedures and act as an information exchange facility.
Proposed Mission of Regional Bodies
They should collaborate at the appropriate level to provide member nations with adapted
services including symposia, training, analytical procedures, database management and
geographic information systems. For example, they could help develop tools of analysis and
assessment to understand where different countries stand on the environmental issues and what
their priority needs are. In some cases this may require individual, tailored approaches rather
than a common one to be adopted by all the bodies.
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They should be responsible for data acquisition, archiving and analysis at the regional level and
data sets provision to the data referral system. In addition, they could perform or support
regional assessments and pass on regional products and global data analyses to participating
nations. They should serve as a depository for the national terrestrial, social and economic
observations, and after processing disseminate this information to national observing systems.
This will enhance the free flow of processed data between participating nations.
The regional bodies are expected to coordinate and cooperate with national organizations as
well as organizations such as START to provide the participating countries for benefits in
research, training, information and facilities.
A critical function would to be to act as resource mobilization unit, exploring and identifying
various funding arrangements and assisting national bodies to access international financial
sources.
Resource Requirements
Regional bodies need to be appropriately staffed, equipped and budgeted to perform adequately
their mission. Ideally staffing of each regional body should include:
•
•
•
•
•

Regional coordinator (full time);
Information specialist (full time);
Terrestrial resource specialist and possibly an aquatic ecosystem specialist (full time);
Training specialist (full time);
Secretarial assistance (full time).

The first, second and final positions are felt to be essential from the start. The remainder could
become essential after a few years, when the centre becomes fully operational, and a steady
flow of information is established.
GTOS should establish internet nodes and other electronic communication systems in its
regional bodies and provide these centres with all electronic telecommunication available now
and in the future, realizing at the same time that electronic access of data within countries and
between countries will remain a constraint for some time to come in developing countries. Each
regional body should also have in-house capabilities for computer storage of data, processing
and analyzing capabilities including GIS facilities.
Criteria for the Selection of Regional Bodies
Although they will be located in specific countries, regional bodies should not be linked directly
with a national agency. Given their regional mandate they must be non political. They could
either be located in a country as independent observing body or they could be linked with an
already existing international center (such as one of the IARCs of the CGIAR).
Different approaches can be considered for the selection of GTOS regions. They could be
biome based (desert, tundra, tropical forest, etc) or selected in terms of the geographic regions
defined by the START initiative (14 regions) or those defined by the Third World Academies of
Science (20 regions). Such a large number would not be required to achieve GTOS objectives.
Moreover, in the current financial climate it will be difficult to find the money for the regional
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bodies and particularly for bodies as large as those felt necessary by the PG to fulfil all of the
needs and opportunities that have been identified. Europe and North America already have
regional bodies that could form the starting point for GTOS activities. However, there are none
in developing regions. The PG therefore proposes that efforts are concentrated initially on seven
developing regions:
•
•
•
•
•
•
•

Sudano-Sahelian
Mediterranean
Central Arid Asia
Tropical Monsoon Asia
Equatorial South American lowland
The high Andes
Central and Eastern Europe.

National Mechanisms
The nature of the operational mechanism at the national level should remain flexible so as to
accommodate a range of national preferences though some sort of committee structure seems
likely to be established. GTOS national committees could act as counterparts to GTOS regional
bodies and have coordinating and liaison functions. Ideally, national committees should be
supported by a small secretariat housed in or closely linked to the national authority in charge of
the environment. It is desirable that the national committees should have representatives of all
of the concerned and interested parties involved in land resources monitoring at the national
level and could include:
• A representative from each of the national agencies dealing with meteorology, natural
resources management (hydrology, soils, vegetation, forest, agriculture, and marine
resources), the environment, and policy planning;
• A representative from professional societies having a major interest in terrestrial issues;
• Representative from GCOS and GOOS national committees (where they exist);
• Representatives from universities and research centres with expertise, capabilities and
training in terrestrial issues.
Networking and Twinning Arrangements
Networking is the most cost effective mechanism for achieving some of GTOS’s operational
and information sharing objectives. GTOS could form a hybrid network of networks and
integrate a number of independent activities through a partnership between the central
coordinating unit, regional bodies and official or NGO institutions, notably:
• Newly created regional groups of sites with a high level of autonomous functionality. Such a
decentralized activity would provide some of the data needed for global change research, and
yet by virtue of its high distributive function, could also provide substantive benefits to
national providers participating in each regional group;
• Existing thematic or geographic networks. This would link the existing national, regional or
‘global’ networks together, eg CERN, LTER, UN-ECE ICP, and MAB-Biosphere reserves
(i.e. those actively engaged in ecosystem monitoring), respectively. And new networks
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catalysed or supported by GTOS at the biome and sectoral level (eg tropical forest and
long-term agronomic experiments).
There are already over 30 national and regional environmental monitoring networks that cover
terrestrial and freshwater ecosystems in some detail though most of them are for developed
countries or regions (see Table 8). In addition there are more than 60 other networks and
programmes with other central objectives but which contain sites at which there is limited
through to very intensive monitoring (see Table 9). Finally, there are over 400 long-term
agronomic experiments which systematically observe changes in certain key variables and
ecosystem processes, but are not part of any formal monitoring system, and are only partially
networked yet could readily be brought into a network (cf Figure 5 and ref Grace 1993, Steiner
and Herdt 1993, Wiersma 1994).
Many universities and institutes in the North now have arrangements with similar types of
institutes in the South. Such arrangements, include research and training at different levels. The
twinning approach leads usually to successful institutional development through training of
individuals and collaborative research.
Twinning collaboration includes one or more of the following arrangements:
• Technical assistance using professors and experts from the North for short or long stays in
areas not covered by local capacity;
• Collaborative research projects;
• Support programs for libraries, books, and laboratories.
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Annex 4: Terms of Reference, Structure and Functions of the Ad Hoc
Scientific and Technical Planning Group for the Global Terrestrial Observing
System
Terms of reference
The terms of reference of the Planning Group are:
•

To review the work already done by previous meetings and bodies to plan a global
terrestrial observing system, as a basis for completing a plan for agreement among the
co-sponsors;

•

To advise the co-sponsors on the advisable scope for GTOS, based on the agreed user
requirements, objectives and guiding principles, and taking into account the availability of
resources and the need for cost-effectiveness;

•

To develop phased plans for the development of a scientifically sound operational
observing programme for GTOS which will meet the requirements of the organizations
involved and be based as far as possible on on-going monitoring activities. The plan for
the observing programme should address:
• the information needs of the users
• the prioritized set of questions and hypotheses that GTOS is expected to resolve
• the core set of parameters to be observed and the measurements required
• participation of existing programmes, elements and networks
•the system of sites and criteria for their selection
• interface and collaboration with GCOS and GOOS
• gaps to be filled to achieve global coverage
• incorporation of remotely-sensed data
• requirements for a data policy including access and distribution; and
• quality assurance, data management and archiving

•

To determine if special sub-groups or working groups are needed to prepare certain
detailed elements of GTOS, and to organize such working groups to the extent that
outside funding or other support can be obtained for the purpose;

•

To prepare budget estimates for the international costs of coordinating and implementing
GTOS, as well as indications of the requirements and costs for national participation in
GTOS.

The Planning Group should submit its final report within two years of its establishment.
Membership
The Planning Group will consist of about 15 members selected by the co-sponsors on the
basis of their personal experience, with a balance of institutional, scientific and technical
expertise covering as much as possible the following major subject areas:
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•

Components
• freshwater/hydrology
• soils
• microbes
• flora
• fauna
• managed ecosystems

•

Issues
• biodiversity
• pollution
• health/urbanization/human population dynamics
• land cover changes
• nutrient/energy flows

•

Processes
• ecosystem/atmosphere interactions
• hydrological, pedological and other earth surface processes
• and degradation/rehabilitation
• ecosystem dynamics
• population dynamics
• socio-economics of rural land use
• sustainability of land use

•

Data collection and handling
• sampling network/ecosystem representation
• data collection methods
• data management
• ecosystem modelling
• remote sensing.

Membership should represent the scientific and technical aspects as well as the applications of
the data to be generated by the system, with no more than one third drawn from any one major
existing scientific and technical programme. Geographic breadth of coverage and gender
balance should also be considered.
Membership on the Planning Group will be determined by the co-sponsors by consensus, in
consultation with the Chairman, drawn from a pool of candidates proposed by all the
co-sponsors.
Representatives of the co-sponsoring bodies may participate in meetings.
Officers
The officers of the Planning Group shall consist of a Chairman and Vice-Chairmen selected
jointly by the co-sponsoring organizations.
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The duties of the Chairman shall be:
• To preside over the sessions of the Planning Group;
• To act on behalf of the Planning Group between meetings;
• To conduct, either directly or through appropriate co-sponsoring organizations,
correspondence on matters related to the planning of GTOS;
• To carry out specific duties as entrusted to him/her by the Planning Group in agreement
with the co-sponsoring organizations;
• To ensure that the activities and recommendations of the Planning Group are in
accordance with the objectives of GTOS as recorded in this Memorandum of
Understanding;
• To arrange for the views of the Planning Group to be presented to the co-sponsoring
organizations;
• To guide any supporting services or secretariat should these become available;
• To prepare and submit the final report of the Planning Group to the co-sponsoring
organizations for their consideration.
The duties of the Vice-Chairmen are to assist the Chairman in his or her tasks.

Sessions
The Planning Group shall meet at a maximum twice a year, the venue and dates to be decided
by the Chairman of the Group in consultation with the co-sponsoring organizations. Sessions
shall normally be scheduled so as to avoid conflicts with major meetings of the co-sponsoring
organizations.

Working Groups
The Planning Group, upon consultation with the co-sponsoring organizations, is authorized to
establish and convene working groups, panels of scientific and technical experts, special study
groups, etc within its field of responsibility and within the funding agreed by the
co-sponsoring organizations, taking account of relevant scientific or technical groups
established by the co-sponsoring organizations and their constituent bodies.
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Annex 5: Potential GTOS Variables
Table 5 Site characterisation variables*: sampled once only
Variable
1
x
x
x
x
x
x
x
x

Latitude, longitude (°)
Altitude (m)
Slope, aspect (°)
Area/volume relationship
Channel profile
Site history
Biome or land use type
Soil type and profile
Water retention curve
Near-surface geology/parent material

2
x
x
x
x
x
x
x
x
x
x

x

Tie r
3
x
x
x
x
x
x
x
x
x
x

Comment
4
x
x
x

5
x
x
x

to 20 m
Lakes and estuaries
Rivers

x
x
x
x

x
x
x
c
x

Soils; at least 5 points

*underlined variables are calculated from other variables

Table 6 Proposed biophysical observations to be repeated at the frequency indicated in each
tier. The variables have been selected on the basis of results presented in published literature, from previous
planning studies and from the experience of workshop participants. (Ref: Anderson and Ingram 1993; Bolle et al
1993; Dyer, di Castri and Hansen 1987; Heal, Menaut and Steffen 1993; Keskitalo and Salonen 1994; Klemola
and Soederman 1993; Leigh and Johnston 1994; Munn 1988; Piekarz 1990; Reid and Edwards 1995; Risser
1991; ROSELT 1994; Santolucito 1991; UNEP/GEMS 1993.)
Key to symbols (by frequency of recording)
s - every second, h - hourly, d - daily, w - weekly, m - monthly, x - measured once only, y - yearly, 5 - every five
years, D - decade
Variable
Climatic
Precipitation (mm)
Snow cover area and water
equivalent (mm)
Air temperature (0C)
Soil or water temp (0C)
Atmospheric humidity (gm-3)
Wind velocity (m s-1)
Incoming shortwave radiation
(Wm-2)
Total outgoing radiation
(Wm-2)
Direct and diffuse total
incoming radiation (Wm-2)
UV-B
Photosynthetically active
radiation (mmol m-2 s-1)

Tier
1
s

2
s

3
d

4
m

Comment

s
s

s
h

d
d/2

m
m

m
s
s

h
h
h

d
d
d

m
m

s

h

d

s

h

h
h

h
h

h

For net radiation
For atmospheric transmissivity
and aerosols
Above canopy

h

d

m

300-700nm

5
Mist and fog where appropriate
Where appropriate

Screened, 1.5m min and max at
tier 3
15cm
Aspirated
2m above canopy
Above canopy

m
m
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Variable

Tier
1
2
3
Land use, cover and vegetation (or aquatic equivalent)
y
y
y
Land cover (%)
y
y
y
Cultivation, inputs and yields
m
m
m
Herbivores
m
m
m
Pest outbreak
y
y
5
Above ground biomass (gm-2)
Below ground biomass (g m-2)
Leaf area (m2 m-2)
Necromass (g m-2)
Phenology
Vegetation structure (%)

5
w
y

5
w
w
y

d
5

d
y

Comment
4

5

5
5

y

5
5

Standard classes
Tier 4 cultivation only
Species, density, yield
Species, density, area
By Plant Functional Type (PFT)
eg grasses, conifer/deciduous
trees

5
m
5

5

y

5

Standing dead, above and below
ground litter
Main stages
Crown cover by PFT and height
class

(0-30cm tier 4; to 95% rooting
depth by 30cm increments tiers
1-3)

Soil
Soil moisture (m3 m-3)
Bulk density (mg m-3)
Organic carbon (g kg-1)
Total nitrogen (mg kg-1)
Extractable nitrate and
ammonia (mg kg-1)
Total, organic and extractable
phosphorus (mg kg-1)
Particle size distribution (%)
Soil surface state (%)

d
y
y
y

d
y
y
y

d
y
y
y

5
5
5

By CN analyser
By CN analyser

m

m

y

5

Any accepted extractant

y
5
y

5
5
y

5
5
y

5
5
5

95% rooting depth (m)

5

5

5

x

pH
Extractable bases (cmol kg-1)

y
y

y
y

y
y

5
5

Extractable acidity (cmol kg-1)
CEC @ pH 7.0 or 8.3
(cmol kg-1)

y

y

y

5

Any accepted method
Grave, sand, silt, clay
Standard classes (sealing,
compaction, erosion etc)
Estimated or to rooting
impediment
In H20 and 1M KC1
Ca, Mg, K, Na; any accepted
extractant
1M KC1

y

y

y

5

h

h

d
h
d?

d
h
d?
h

Hydrology
Evapotranspiration (mm)
Water table depth (mm)
Runoff (ls-1)
Ground water storage flux
Sediment load (mg m-2 d-1)

m
d
d?
d

Transpiration + evaporation from
soil + interception
Or lake level
For catchment
Including bedload
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Variable

Tier
1
Water chemistry (for runoff, rivers, lakes)
Electroconductivity (mS m1)
h
pH
h
Light penetration (cm)
d
Turbidity
?
Oxygen concentration (mg l-1)
?
Chlorophyll concentration
(ug/l)
?
Biological oxygen demand,
Dissolved and particulate
d
organic carbon (mg 1-1)
Major cations eg Ca, Mg, K,
d
Na (mg1-1)
d
Nitrogen species (mg 1-1)
d
Phosphorous species (mg1-1)

Cryosphere
Sea ice extent (km2)
Sea ice motion (km d-1)
Snow cover area and water
equivalent
Ice sheet extent and
topography
Glaciers and ice caps extent
Lake freeze and thaw dates
Permafrost active layer (cm)
Permafrost thermal store
(W m-2)

Comment
2

3

h
h
d
?
?
?

w
w
m
?
?
??

?

?

d

m

d
d
d

m
m
m

4

Secchi disc, lake only

Rivers only

Nitrate in groundwater

d
d/2
d

d

5
D
D
y

d

d

D
D
y
m

?

?

?

5

Biodiversity (including aquatic equivalent)
Plant species composition
5
Demography
y
Rare and endangered species
y
Key microflora

5
y
y
y

5

5

y

5

Indicator species

m

m

5

d
y

d
D

y
y

D
D

m
m

m
m

y
m

h

h

Pollutants
Wet and dry N and S
deposition
Transition metals

Radionuclides
Toxic synthetic organic substances
Ecosystem processes
Net primary production
(g m-2 d-1)
Soil respiration (g m-2 d-1)
Net ecosystem production
(g m-2 d-1)

5

d

m

d

Dates

In abundance classes
Key species only
Population size
eg N fixers, mucorrhizas,
methanogens, nitrifyers
Selected taxa

Teflon buckets
Concentration in key ecosystem
markers eg sediments, top
predators
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Variable
Decomposition rate (mg g-1 y-1)
Nitrogen mineralisation rate
(mg g-1 d-1)
Secondary production
(g m-2 d-1)
Trace gas exchanges
Carbon dioxide (mmol m-2 s-1)
Methane (mmol m-2 s-1)
NOx, NMVOC(mmol m-2
s-1 N or C atoms)

Tier
1
y

2
y

3

m

m

y

m

y

h

Comment
4

5
Standard and local substrate

Where appropriate (fisheries,
grazing systems)

h
h
h

Disturbance (dates and durations, intensity)
Fire
y
y
Windthrow
y
y

y
y

5m
5m

Severe storms

In general these data are reported annually by national authorities. In some cases they are
reported less frequently (every five or ten years). Some of them are required in terms of
international treaties (the Framework Convention onClimate Change (FCC), Biodiversity
Convention, Montreal Protocol, Basel Convention). In most cases networks exist for their
routine collation.
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Table 7 National, regional and global data
Variable
Exchange rate
Gross Domestic Product (GDP) (national currency)
Rate of growth of GDP (%per annum)
Income per capita (local currency)
Energy use (PJ)
Freshwater use (m3)
Groundwater use (m3)
Pesticide (including herbicide) use (tons)
Fertilizer use (tons)
Agricultural production (local currency)
Agricultural production (tons)
Livestock numbers
Timber harvest (m3)
Agricultural land area (km2)
Agricultural productivity (tons ha-1)
Fish stocks (tons)
Fish catches (tons)
Road length (km)
Road vehicle numbers
Passenger traffic (person km)
Freight traffic (ton km)
Population
Age structure (%)
Literacy (%)
Mortality (%)
Morbidity (%)
Life expectancy at birth (years)
Calorific intake (kJ)
Religion
Armed conflicts
Administrative boundaries
Rare, endangered and recently extinct species
Trade in rare and endangered species
Protected areas
Emissions to the atmosphere (Tg)
Emissions to water (Tg)
Waste production for disposal or storage on
land (Tg)
Trade in toxic waste
Investment in environmental protection
(local currency)

Comments
Time series, against USD, GBP, DM or Yen
By sector (agriculture, mining industry, service etc)
By sector
By fuel type and sector, eg coal, oil, natural gas. Required
by IPCC
By sector
By source (rivers, groundwater) and by sector
By broad compound category
By element
By product
By product
By species
By category: saw timber, pulp wood, fuel wood
By crop type
Per crop
By species, freshwater only for GTOS, marine for GOOS
By type (multi-lane, two lane surfaced, unsurfaced)
By type (passenger, light truck, heavy truck)
By mode (rail, road, air, water)
By mode (rail, road, air, water)
By domicile (rural, urban)
By sex
By sex
By sex
By sex
By sex
Broad category
Number of casualties
Vector file or map
Within the national boundaries
Required by CITES
Map or vector files, by IUCNlevel of protection (eg
national parks, resource areas, private reserves)
CO2, N2O, CH4, CO NMVOC, aerosols, NOx
(required by IPCC), SO2
Sewerage, salts, toxic metals, synthetic organic
compounds
Mine waste rock and slimes, ash, toxic
chemicals, medical waste, nuclear waste
By category, required by Basel Convention
By type (protected area management, monitoring,
eduction, pollution law enforcement, research)
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Annex 6: Prospective GTOS Sites
Several sites in Tables 8 and 9 belong to more than one programme. (References: Jouventin
1994; Kristiansen; Notrott et al 1994; Reid and Edwards 1995; TEMS 1995)
Table 8 Long-term environmental monitoring networks covering terrestrial and
freshwater ecosystems
Name

No. of sites

Acid Rain National Early Warning System (ARNEWS), Canada
Arctic Monitoring and Assessment Programme (AMAP)
Benchmark Sites for Agricultural Land, Canada
Canadian Forest Service: Health of Sugar Maple in Northeastern N. America
Chinese Ecological Research Network (CERN)
CIFOR: Forest Ecosystem Management Project
ICP for Assessment and Monitoring of Acidification of Rivers and Lakes
ICP for Assessment and Monitoring of Air Pollution Effects on Forests/Level II
ICP for Res. on Evaluating Eff. of Air Poll. and other Stresses on Agr. Crops
ICP for Integrated Monitoring
IGBP: Land-Ocean Interactions in the Coastal Zone (LOICZ)
IGBP Megatransects
International Network on Soil Fertility and Sustainable Rice Farming (INSURF)
International Rice Research Institute (IRRI)
International Tundra Experiment (ITEX)
International Union of Forestry Research (IUFRO)
IRF’s Eastern Caribbean Biodiversity Initiative
Long-Term Ecosystem Productivity Integrated Research Network (LTEP IRS), USA
Long-Term Soil Productivity Network, USA
LTER Finland: Eff. of climate change on fishes, fish stocks, fisheries and aquacult.
MAB: Biosphere Reserve Integrated Monitoring (BRIM)
NASA Landsat Pathfinder Global Land Cover Test Sites Project
Rèseau National de suivi à long terme des ècosystemes forestiers (RENECOFOR)
Sahara and Sahel Observatory: ROSELT
SCOPE: Biogeochemistry of major world rivers, lakes and estuaries*
Smithsonian Institute: Center for Tropical Forest Science (CTFS)
Taiwan Ecological Research Network (TERN)
Terrestrial Ecosystem Research Network, Germany (TERN)
The British Countryside Survey
Tropical Soil Biology and Fertility Programme (TBSF)
UK Environmental Change Network, Freshwater Sites
UK Environmental Change Network, Terrestrial sites
US Long-Term Ecological Research Network (LTER)
US National Park Service Global Change Program
US National Water Quality Assessment (NAWQA)
West and Central African Network: HydroNiger

150
23
62
22
12
>200
ca. 480
33
58
12 transects

23
10
4
8
>25
324
>120
100
67
101
17
2
500
>23
37
11
18
78
18
67

*evaluated in Reid and Edwards 1995
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Table 9 Long-Term Environmental Research (LTER) Programmes with sites, which
might be relevant to GTOS
Name
A field study of the eff. of elevated ambient CO2 on ecos. proc. in Chesapeake Bay wetlands
ABRACOS: Anglo-Brazilian Climate Observational Study
Baie Du Mont St. Michele Wetlands
Batu Apoi Forest Reserve, Brunei, Borneo: Vertebrate population and tropical ecology
BOREAS: Boreal Ecosystems Atmospheric Study
Cairngorms , Scotland
Canada: Various projects on acidification of lakes, soil and forests
Canadian Forest Service: Turkey Lakes Watershed, Central Ontario
CIFOR: Forest Ecosystem Management Project (Jambi, Sumatra)
Classification of Landsat Thematic Mapper data, Virunga National Park, Zaïre
Craigieburn Research Area, NZ
Darum Research Station and Program, Sabah (Sabah Foundation)
ECHIVAL: An European Field Experiment in Desertification-threatened Areas (EFEDA)
EPA’s National Estuary Program
Evolution of a Mediterranean Forest (Quercus ilex)
Fargo Station, North Dakota
General Governmental System of Ecological Monitoring in Russia (EGSM)
Glendhu Catchment Study, NZ
HAPEX-SAHEL
INPA: Long-term river continuum studies: Taruma
INPA: Reserva Ducke
INPA: The Biological Dynamics in Forest Fragments Project
Irish Network on Forest Ecosystems
LAMBADA /Baterista
Long-term assessment of phys. and biol. components in waters of the Windermere catchment
Long-Term Ecological Programme on the Primorye Region
Long-Term Monitoring of the Amazon Ecosystem
Long-Term Swedish Field Liming Experiment
Lower Mekong Basin: Water Quality Monitoring Network
LTER Argentina: Several Programmes on 5 Sites
LTER Brazil: Brazilian Coastal Atlantic Forest: extensive studies
LTER Brazil: Floodplain ecology: Ilha da Marchantaria
LTER Brazil: Long-term river continuum studies: Jau
LTER Brazil: Pantanal Region (several studies)
LTER Chile: Terrestrial and aquatic interdisciplinary programmes
LTER Finland: Physiological and genetical adaptation of forest trees to climate changes
LTER Finland: The Effect of Climate on the Phenology of Perennial Plants
LTER France: Hydrological Monitoring of Rivers
LTER France: Research on Soil Quality
LTER France: Terrestrial and marine LTER in the Austral and Indian Oceans
LTER Hungary: Balaton Lake Project
LTER Hungary: Biological Monitoring in the Szigetkoz Danube Barrage System
LTER Hungary: Sikfokut Project
LTER Latvia: Pollution of fresh waters
LTER Mexico: Several programmes
LTER Mongolia: Mongolian Acad. Sci. (MAS): Inst. of Botany and 9 Research Stations 10
LTER Norway: Eff. of climate change on growth and dev. on northern landscape plants
LTER Russia: Freshwater Ecosystems
Mackenzie Basin Impact Study
Mount Cameroon Project
Ontario Long-Term Ecological Research Program
Organic matter turnover in a Western European climate transect in coniferous forests
transect
Orongorongo Field Station, NZ
ORSTOM: African lakes and rivers

No of sites
4
1
2
3

plot network
5
6
12
2
3

23 plots
4

4
5

3
1
395
>2
10
4

5
6
8
14

3

>4
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ORSTOM: Lower Guinea Area Coastal Basins
Predictive modelling of Backbarrier Salt Marsh response to accelerated sea-level rise, UK
Purukohukohu Experimental Basin, NN
SALT: Savannas A Long Term
The Carbon in the Amazon River Experiment
UNEP: Environment Change and the Productivity of Tropical Grasslands
USDA Forest Service: Air Pollution in the Wind River Mountain Wilderness
Vegetation change from global warming in Korea
Vegetation monitoring in Lowveld and arid Lowveld of Natal

5
3
8
5
3

Table 10 Sites, which submitted metadata to GTOS (TEMS 1995, Ecoregion classification:
Bailey 1989)
TIER 2
Ecoregion
sites
Icecap Division
Tundra Division
Subarctic Division
Warm Continental
Division

Hot Continental Division
Subtropical Division

Marine Division

Prairie Division

Sanborn Field
Mediterranean Division

Site name

DEG MIN LAT DEG MIN LON No
of

McMurdo Dry Valleys
Arctic Tundra/Toolik Lake
Palmer Station
Bonanza Creek Experimental
Forest
Alabama Agricultural
Experiment Station

77
68
64

38
40

S
N
S

162
149
64

34
3

E
W
W

64

45

N

148

0

W

N
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Cedar Creek Natural History Area
Harvard Forest LTER Site
Hubbard Brook Experimental
Forest
North Temperate Lakes LTER
(Trout Lake Station)
W K Kellogg Biological Station
Coweeta Hydrological Laboratory
Jiangxi Dagangshang Ecological
Experimental Station
Smithsonian Environmental
Research Centre
Virginia Coast Reserve, LTER
Askov Experimental Station
Bornhöved Lakes District
Centro Austral de Investigaciones
Cientificas (CADIC)
H J Andrews Experimental Forest
Lake Gardsjon
Projektzentrum
Oekosystemforschung
Rothamsted Experimental Station
Solling-B1
Solling-F1
EEA Balcarce. Subprogramme
PAPA
Konza Praire Research Natural
Area
38
Priest River Experimental Forest
- LTSP
Waite Permanent Rotation

45
42

24
32

N
N

93
72

12
10

W
W

43

56

N

71

45

W

46
42
35

0
24
0

N
N
N

89
85
83

40
24
30

W
W
W

27

40

N

114

38

E

39
37
55
54

27
28

N
N
N
N

77
75
9
10

40
7

W
W
E
E

54
44
58

49
14
4

S
N
N

68
122
12

18
11
1

W
W
E

54
51
51
51

6
48
45
45

N
N
N
N

10
0
9
9

15
20
34
34

E
W
E
E

37

45

S

58

18

W

39
57

5
N

N
93

96
20

35

W
W

48
34

21
55

N
S

116
138

50
35

W
E

35

W

8
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Tropical/Subtropical
Desert Division

Indian Agricultural Research
Institute
Jornada LTER
Sevilleta National Wildlife
Refuge

28
32

35
30

N
N

77
106

12
45

E
W

34

21

N

106

54

W

Temperate Steppe
Division

Central Plains Experimental
Range
Niwot Ridge LTER Site

40
40

49
3

N
N

104
105

46
37

W
W

Rainforest Division

Barro Colorado Island
Nature Monument
La Selva Biological Station
Luquillo Experimental Forest
Pasoh Forest Reserve

9
10
18
3

9
26
18
0

N
N
N
N

79
83
65
102

51
59
52
20

W
W
W
E

TOTAL

45

TIER 3
Icecap Division
Subarctic Division

Warm Continental
Division

Ny-Alesund
Atikokan Coldwater Lakes
Research Site
Bear Brooks Watershed in Maine
(BBWM)
Caribou/ Poker Creeks Research
Watershed
Hietajärvi, ICP Integrated
Monitoring Sites FI03
Howland Integrated Forest Study
(HIFS)
Pesosjärvi, ICP Integrated
Monitoring Sites FI04
Reivo
Valkea-Kotinen, ICP Integrated
Monitoring Sites FI01
Velikiy, No 16
Vuoskojärvi, ICP Integrated
Monitoring Sites FI05
Aukstaitija Integrated
Monitoring Station
Dzukija Integrated Monitoring
Station
Hubbard Brook, NH
Long term triple cereal cropping
Observatory Kosetice
Puszcza Borecka (Diabla Gora)
Rucava Area
Réseau de suivi des écosystèmes
forestiers HET L1
Réseau de suivi des écosystèmes
forestiers HET L2
Sanjiang Plain Mire and Wetland
Ecosystem Experimental Station
Taurene Area
Ussuri Reserve
Valdai, No 15
Vilsandi
Zemaitija Integrated Monitoring

79

0

49

N

12

N

94

20

E
W

44

52

N

68

6

W

65

15

N

147

30

W

63

9

N

30

40

E

45

10

N

68

40

W

66
65

17
47

N
N

29
19

26
6

E
E

61
66

14
40

N
N

25
33

3
0

E
E

69

44

N

26

56

E

55

26

N

26

4

E

54
43
28
49
54
56

3
57
3
35
9
12

N
N
N
N
N
N

25
71
121
15
22
21

16
42
25
5
4
7

E
W
E
E
E
E

49

59

N

6

2

E

49

39

N

6

11

E

47
57
43
57
58

35
10
42
51
20

N
N
N
N
N

133
25
132
32
22

3
41
29
21
0

E
E
E
E
E
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Hot Continental Division

Subtropical Division

Marine Division

Station

56

0

N

21

52

E

Fernow Experimental Forest
Hailun Agro-Ecological
Experimental Station, CAS
Naiman Desertification
Research Station
Pennsylvania State University
Scheyern (experimental farm)
Shenyang Agricultural Ecological
Experimental Station
The Changbai Mountain Station
Watershed/Compartment 4

39

5

N

79

41

W

47

26

N

126

58

E

42
40
48

55
44
30

N
N
N

120
77
11

42
57
27

E
W
E

41
42
39

32
24
3

N
N
N

123
128
79

23
28
41

E
E
W

51

N

109

19

E

N

112

15

N

116

55

E

34

N

101

59

E

9

N

110

8

E

31

N

114

31

E

30

N

79

13

W

24

N

120

13

E

55
24

N
N

111
73

30
51

E
W

31

N

118

57

E

16

N

105

28

E

11
11
3
28
42
40
3
55
31
27
40
4

N
N
N
N
N
N
N
N
N
N
N
N

1
0
8
9
10
19
8
2
10
6
10
4

45
51
43
29
51
47
43
34
2
5
24
5

W
W
E
E
E
E
E
W
E
W
E
W

7
33
29
40

N
N
N
N

125
6
2
2

15
27
13
20

W
E
W
W

Ansai Research Station of Soil and
Water Conservation
36
Dinghushan Forest Ecosystem
Station
23
Ecological Experimental Station
of Red Soil
28
Gongga Mountain Ecosystem
Observation and Experimental
Station of CERN
29
Huitong Forest Ecosystem
Research Station
27
Marine Biology Research Station
at Dayawan (MBRS)
22
North Inlet Marsh-Estuarine
System
33
Taihu Lake Ecosystem
Research Station
31
Taoyuan Experimental Station of
Agro-Ecosystems
28
Whiteface Mountain, NY
44
Xinganjiang Watershed Ecological
System Monitoring
29
Yan Ting Purple Soil Experimental
Station of Agricultural Ecology
31
Adas Drayton
52
Alice Holt Forest
51
Alptal
47
Amotsdalen
62
Apelsvoll Research Centre
60
Dividalen
68
Erlentobel
47
Glensaugh Research Station
56
Goettinger Wald
51
Hillsborough
54
Lange Bramke
51
Llydaw, Snowdonia
53
Long Term Ecosystem Productivity
Integrated Research Sites
(LTEP IRS)
48
Lund
58
Mluri, Sourhope Research Station 55
Moor House and Upper Teesdale 54

E

4
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North Wyke Research Station
Porton Down (ECN)
Station de Phytotechnie
Swiss National Park
Tikitere Agroforestry Trial
Tiveden
Torres del Paine National Park
Waldstein/Fichtelgebirge
Warra LTER Site
Wytham Estate
Prairie Division

Mediterranean Division

Tropical/Subtropical
Steppe Division
Tropical/Subtropical
Desert Division

50
51
50
46
38
58
49
50
43
51

Beijing Forest Ecosystem Research
Station
39
Brenna
49
Changwu Agro-Ecological Station
on Loess Plateau (CERN)
35
Estacion Experimental
Agropecuaria Pergamino
33
Fengqui Agro-Ecological
Experiment Station, Chinese
Academy of Sciences
35
Juga
43
Luancheng Experimental Station
of Agro-Ecosystem, Chinese
Academy Sciences
37
Pietrosul Rodnei
47
Yucheng Comprehensive
Experimental Station
36
Blodgett LTSP (Long-Term Soil
Productivity Network)
39
Brandy City LTSP (Long-Term Soil
Productivity Network)
39
Central Camp LTSP (Long-Term Soil
Productivity Network)
37
Challenge LTSP (Long-Term Soil
Productivity Network)
39
Istituto Sperimentale Agronomico 41
Jonkershoek
33
Lowell Hill LTSP (Long-Term Soil
Productivity Network)
39
Owl LTSP (Long-Term Soil
Productivity Network)
37
Santa Clara
37
Vista LTSP (Long-Term Soil
Productivity Network)
37
Wallace LTSP (Long-Term Soil
Productivity Network)
39

Haibei Research Station
Punjab Agricultural University

37
30

Atomic Energy Agriculture Research
Centre, Tando Jam
25
Southern Zone Agricultural
Research Institute
33

46
7
34
40
38
41
21
8
4
47

N
N
N
N
S
N
S
N
S
N

3
1
4
10
176
14
73
11
147
1

54
39
41
14
21
38
7
51
37
19

W
E
E
E
E
E
W
E
E
W

58
40

N
N

115
19

26
56

E
E

15

N

107

41

E

56

S

60

34

W

0
53

N
N

114
40

24
28

E
E

41

N
N

114
25

29

E
E

57

N

116

36

E

53

N

120

39

W

32

N

121

2

W

20

N

119

28

W

30
1
57

N
N
S

121
14
18

13
56

W
E
E

16

N

120

47

W

15
31

N
N

119
8

24
27

W
W

23

N

119

34

W

N

121

N
N

101
75

N

69

N

73

37
56

42

W

19
52

E
E

E
10

E
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Temperate Steppe Division Glenlea Research Station
51
Gothic., CO
38
Indian Head Research Farm
45
Inner Mongolia Grassland Ecosystem
Research Station
43
Northern Agriculture
Research Centre
55
Panhandle Research &
Extension Centre
41
Pendleton
45
Scott Research Farm
52
Shaptou Experimental Station of
Desert Research
37

57
43

N
N
N

98
106
103

59
8

W
W
W

38

N

116

42

E

12

N

119

23

W

56
44
22

N
N
N

103
118
108

43
37
50

W
W
W

27

N

104

57

E

4
52

N
N

112
34

11
46

W
E

19

40

S

146

51

E

17
19

20
40

N
N

78
102

35
20

E
E

15

30

N

99

18
6
7
18
20
11
24

23
13
42
11
25
45
39

N
N
N
S
S
N
S

108
5
64
31
28
76
28

52
2
46
28
30
15
42

E
W
W
E
E
E
E

21

44

N

115

4

E

28
8

23
12

N
N

116
70

16

E
W

Temperate Desert Division Grand Canyon, AZ
36
Mitrani Center for Desert Ecology 30
Savanna Division

Rainforest Division
Ecoregion

CSIRO Lansdown Research
Station
Central Research Institute for
Dryland Agriculture
Houay Khot Station
Huai Kha Khaeng Wildlife
Sanctuary
Jianfengling Long-Term
Monitoring Station of Tropical
Forest Ecosystem
Lamto
Mapire
Marondera
Matopos Research Station
Mudumalai Game Reserve
Nylsvley
Qianyanzhou Experimental
Station
Red Soil Research Institute of
Jiangxi
Ticoporo
Bukit Timah Nature Reserve
Site name

1
20
N
103 50
E
DEG MIN LAT DEG MIN LON No
of sites
20
13
S
32
38
E
1
0
N
28
50
E
4
10
N
113 50
E
17
10
N
122 30
E
6
40
N
80
30
E
12
50
S
69
17
W

Coffee Research Station
Ituri forest
Lambir Hills National Park
Palanan Wilderness Area
Sinharaja World Heritage Site
Tambopata Reserved Zone
Xishuangbanna Station of Tropical
Ecology
21
Yasuni National Park
0
Yurimaguas
5
TOTAL

E

54
45
45

N
S
S

101
77
76

46
0
5

E
W
W
133

96

TIER 4
Icecap Division
Tundra Division
Subarctic Division

Warm Continental
Division

Hot Continental Division

Subtropical Division

Marine Division

Ecoregion
sites

Arctic Station, DISKO
Karupelv Valley
Barguzinsky Biosphere Reserve,
No5

69
72

16
30

N
N

53
24

30

W
W

54

20

N

109

32

E

Benchmark Sites for Agricultural
Land, Site 20-NB
47

0

N

67

41

W

Benchmark Sites for Agricultural
Land, Site 25-NF
ICP-Forests Level II/Site SF1
ICP-Forests Level II/Site SF2
ICP-Forests Level II/Site SF3

47
61
60
67

32
52
38
57

N
N
N
N

52
24
23
24

46
12
48
3

W
E
E
E

54

44

N

28

21

E

56

29

N

32

58

E

54
51

50
25

N
N

37
21

50
58

E
E

46
46
54

8
7
9

N
N
N

24
24
16

15
15
16

E
E
E

39

57

N

74

36

W

Baruch Forest Science Institute
33
Miaoshanwu Terrestrial Ecosystem
Monitoring Station
30
Shenandoah National Park
38

20

N

79

15

W

3
31

N
N

119
78

58
26

E
W

Bettlachstock
Chironico
Hautes Fagnes
Isone
Jussy
Lausanne
Neuglobsow
Neunkirch
Novaggio
Othmarsingen
Site name

14
27
33
8
14
35
10
41
1
24
MIN

N
N
N
N
N
N
N
N
N
N
LAT

7
8
6
9
6
6
13
8
8
8
DEG

25
49
4
1
17
40
2
32
50
14
MIN

E
E
E
E
E
E
E
E
E
E
LON No
of

Berezinsky Biosphere Reserve,
No 2
Central Forest Biosphere Reserve,
No 13
Prioksko-Terrasny Biosphere
Reserve, No 4
Pulawy
Copsa Mica - Site 4
Copsa Mica - Site 5
Institute for Potato Research
Rutgers Division of Pineland
Research

RENECOFOR: Rèseau National de
suivi à long terme des écosystèmes
forestiers
All over France
Vordemwald

Prairie Division

47
46
50
46
46
46
53
47
46
47
DEG

Caucasus Biosphere Reserve,
No 3
K-Puszta
Kara-Dag, No 17
SATWAGL (Sustainable
Agriculture through Wheat

23

100

47

17

N

7

53

E

43
46
44

41
58
54

N
N
N

40
19
35

17
33
12

E
E
E
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and Good Legumes)
35
Voronezhsky Biosphere Reserve,
No 14
51
Mediterranean Division

Athalassa Agricultural Research
Institute
Colognole
Fôret de la Massane
Istituto sperimentale elaiotecnica
Ivan Sedlo
Lazaropole
Rogen
Vallombrosa

3

S

147

20

E

54

N

39

36

E

9
30

33
2
3
14
18
20
24
0

24
1
4
2
42
8
53

E
E
E
E
E
E
E
E

35
43
42
42
43
41
41
43

30
46
32
8
44

N
N
N
N
N
N
N
N

53

0

N

70

15

E

40

8

N

82

0

W

Temperate Desert Division Astrakhansky Biosphere Reserve,
No 12 Damchik
46

0

N

48

30

E

6

N

69

30

E

33
13

N
N

63
116

12
45

E
W

36

N

71

54

E

25
29

S
N
N
N

34
120
76
76

25
51

E
E
E
E

30

N

5

0

E

Temperate Steppe Division Borovoye, No 1
Wooster Site, Ohio State
University

Savanna Division

Rainforest Division

TOTAL

Chatkalsky Biosphere Reserve,
No 9
41
Repeteksky Biosphere Reserve,
No 7
38
Reynolds Creek, ID
43
Sary-Cheleksky Biosphere
Reserve, No 8
41
Malawi Environmental Monitoring
Progr. Catchments
13
Yuan-Yang Lake Natural Preserve 23
Kerala (MON-2)
9
Kerala (TVM-1)
8
Obafemi Awolowo Univ.,
Teaching and Research Farm
7

4

4

187
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Annex 7: Acronyms
ACC
AMAP
AVHRR
BATERISTA

Administrative Committee on Coordination
Arctic Monitoring and Assessment
Programme
Advanced Very High Resolution Radiometer
Biosphere Atmosphere Transfer and Ecological Research in situ Studies
in Amazonia
BAHC
Biospheric Aspects of the Hydrological Cycle
CAB
Centre for Agriculture and Bioscience International
CCU
Central Coordinating Committee
CDIAC
Carbon Dioxide Information Analysis Centre
CEO
Centre for Earth Observation
CEOS
Committee on Earth Observation Satellites
CERN
Chinese Ecosystem Research Network
CGIAR
Consultative Group for International Agricultural Research
CICERO
Centre for International Climate and Energy Research, Oslo
CIESIN
Consortium for International Earth Science Information Network
CIFOR
Centre for International Forestry
Research
CITES
Convention on International Trade in Endangered Species
CORINE
Coordination of Information on the Environment
CSD
Commission on Sustainable Development
DDT
Dichloro diphenyl tricholoroethane
DGVM
Dynamic Global Vegetation Model
DIVERSITAS
DIVERSITAS Programme
EC
European Community
ECN
Environmental Change Network
EEA
European Environment Agency
EEOS
European Earth Observing System
EMAP
Environmental Monitoring and Assessment Programme
EOS
Earth Observing System
EOSDIS
Earth Observing System Data and Information System
EROS
US Geological Survey Earth Resources Observation Systems
ESA
European Space Agency
EU
European Union
EUROSTAT
European Statistical Office
FAO
Food and Agricultural Organization
FCCC
Framework Convention on Climate Change
GAW
Global Atmospheric Watch
GCM
General Circulation Model
GCOS
Global Climate Observing System
GCOS/GTOS TOP GCOS/GTOS Terrestrial Observation Panel
GCTE
Global Change and Terrestrial Ecosystems (IGBP)
GDP
Gross Domestic Product
GEF
Global Environment Facility
GEMS
Global Environment Monitoring
System
GHG
Greenhouse gases
GIS
Geographic Information System
GOOS
Global Ocean Observing System
GRDC
Global Run off Data Centre
GRID
Global Resource Information Database
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GTOS
HDP
IAI
IBPGR
ICPs
ICSU
IGBP
IGBP DIS
IHP
ILTER
INENCO
INSURF
IPCC
IRRI
IRS
ISLSCP
ISRIC
ITE
IUCN
IUFRO
JSTC
LAMBADA
LME
LOICZ
LTER
LUCC
MAB
MARS
MERIS
MODIS
NASA
NASDA
NAWQA
NEP
NGO
NOAA
NPP
PAH
PCB
PG
PHARE
RAMSAR
ROSELT
RS
SADC
SAR
SC
SCOPE

Global Terrestrial Observing System
Human Dimensions of Global Environmental Change Programme
Inter American Institute for Global Change Research
International Board for Plant Genetic Resources
International Cooperative Programmes
International Council of Scientific Unions
International Geosphere Biosphere Programme
Data and Information System for the IGBP
International Hydrological
Programme
International Long Term Ecological Research
Centre for International Environmental Cooperation
International Network on Soil Fertility and Sustainable Rice Farming
Intergovernmental Panel on Climate Change
International Rice Research Institute, Philippines
Information Retrieval Service (ESA)
International Satellite Land Surface Climatology Project
Soil Reference and Information Centre
Institute for Terrestrial Ecology
World Conservation Union
International Union of Forestry Research
Joint Scientifical and Technical Committee for GCOS
Large Scale Atmospheric Moisture Balance of Amazonia using Data
Assimilation
Large Marine Ecosystem
Land- Ocean Interaction in the Coastal Zone
Long Term Ecological Research
Land-Use and Land-Cover Change project of IGBP and HDP
Man and the Biosphere Programme
Monitoring Agriculture with Remote Sensing
Medium Resolution Imaging Spectrometer
Moderate Resolution Imaging Spectroradiometer
National Aeronautics and Space Administration (USA)
National Space Development Agency (Japan)
National Water Quality Assessment
Net Ecosystem Production
Non Governmental Organization
National Oceanic and Atmospheric Administration
Net Primary Production
Polycyclic aromatic hydrocarbons
Polychlorinated Bi phenyls
Planning Group
Technical assistance to Eastern European States
Convention on Wetlands of International Importance Especially
asWaterfowl Habitat (RAMSAR Convention)
Reseau d’Observatoires de Surveillance Ecologique a Long Terme
Remote sensing
Southern Africa Development
Synthetic Aperture Radar
Steering Committee
Scientific Committee on Problems of the Environment (ICSU)
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SOTER
Soil and Terrain data
SPOT
Systeme Probatoire d’Observation de la Terre
START
Global Change System for Analysis, Research and Training (IGBP)
TAG
Technical Advisory Group
TEMS
Terrestrial Ecosystem Monitoring Sites database
TOP
Terrestrial Observation Panel of GCOS/GTOS
TREES
Tropical Ecosystem Environment Observations by Satellite (EC)
UN
United Nations
UNDP
United Nations Development Programme
UNEP
United Nations Environment Programme
UNEP HEM UNEP Harmonization of Environmental Measurement
UNESCO
United Nations Educational Scientific and Cultural Organization
UNITAR
United Nations Institute for Training and Research
US LTER
US Long Term Ecological Research network
WCMC
World Conservation Monitoring
Centre
WCRP
World Climate Research Programme
WDC
World Data Centre (ICSU)
WG
Work Group
WHYCOS
World Hydrological Cycle Observing System
WMO
World Meteorological Organization
WRI
World Resources Institute
WWW
World Weather Watch
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Annex 8: Derivation of Cost Estimates
The PG has drawn up provisional estimates for the first five years of GTOS on the basis of
recent costs provided by existing institutions and a wide range of well established in situ
observation networks and sites in both developed and developing countries. All costs other
than those of the regional centres are summarised in Table 11 and detailed below. Regional
centre costs are given in Table 12.
Table 11 Provisional cost estimates for GTOS (US$,000s)
Operating costs per year
1
2

3

4

5

25

25

25

25

25

80

120

120

120

120

Steering Committee
Technical Advisory Group
Central Coordinating Unit
600
600
900
1 100 1 100
In situ sites
Tier 2
100
200
300
400
Tier 3
0
150
300
450
Tier 4
1 000 2 000 3 000 4 000
______________________________________________________________________________
Total
705
1 845 3 395 4 845 6 095
Capital costs
Site enhancement
Tier 2
500
500
500
500
Tier 3
750
750
750
750
Site establishment
Tier 3
1 000 1 000 1 000
_______________________________________________________________________________
Total
1 250 2 250 2 250 2 250

Management costs
Steering Committee costs are for one meeting per year, and they assume that all members
except the representatives of developing regions would be self-financing.
Technical Advisory Group (TAG) costs are based on the fifteen external members meeting
twice per year for a total of 20 days with all expenses paid but no honaria.
The cost of the central co-ordination unit will naturally depend on decisions regarding the
range of GTOS activities and responsibilities, and on the number and role of the regional
centres. Given that the PG proposes that site and network coordination should be largely
decentralized to tier 2 or tier 3 sites or to existing regional or network support units, the initial
secretariat can be small. In the first year the main activities would be further development of
the GTOS operational plan, and support to the Steering Committee, the TAG, the
GCOS/GTOS Terrestrial Observation Panel (TOP) and other possible GTOS working groups,
including those that might be jointly operated with GCOS and GOOS. These would require at
least two full-time professionals, one responsible for overall coordination, planning activities
and liaison, and the other for day to day operations. In year 2 or 3 network and site
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coordination would require at least one professional. Data management and harmonization
would require two professionals in the medium-term but one professional plus short contracts
may be sufficient in the first year or two. The total costs for these management activities
would be US$705k in year 1 rising to US$1,245 in year 5 (Table 11).
Cost of running regional and national centres
Provided the regional centre is housed in an existing facility the initial costs would be for
salaries, acquisition of computer hardware and peripherals, computer software, and
maintenance of equipment. It is assumed that the host organization donates fixed overhead
costs such as space, heating, electricity and other similar facilities. A provisional budget is
given in Table 2.

Table 12 Estimated budget (in US$’000s) to operate a GTOS regional centre

Personnel
Coordinator/data management specialist
Information specialist
Terrestrial ecosystem specialist
Short-term technical contracts
Regional travel expenses

Years
1

2

3

4

5

150
120

150
120

50

50

150
120
120
50

150
120
120
50

150
120
120
50

25

25

35

35

35

50

100

100

100

50
5

5
2

5
2

5
2

Training and workshop
Equipment
Hardware
Software

20
5

Reporting
5
5
5
5
Communication
10
10
10
10
10
____________________________________________________________________________
Total
380
465
597
597
597

The start-up costs at the national level (especially training, hardware acquisition and initial
support), could be US$2-5 million per year for 5 years. These costs are not included. They are
assumed to be a national responsibility, although countries may seek donor assistance with
them.
Costs of the data management system
The PG does not propose that GTOS establish a separate new data management system. If it
did the total operating costs of the data management system at the regional and global levels
could run to US$3-4 million per year, and duplicate on-going activities. The recommendation
is for GTOS to join with GCOS to establish and operate a combined data system based largely
on existing activities.The existing data centres can undertake much of what is needed, eg the
WDC system, GRID, GRDC, and national data centres like that of NOAA. The above costs
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for the CCU and regional centres include estimates for additional data management activities
specific to GTOS needs.
Site establishment, enhancement and operation
Tier 1 Costs will be generated entirely through the research community to meet the needs of
scientific research. Their involvement in GTOS will raise the returns to such research by
providing data to test extrapolation of results to greater spatial and temporal scales, and assist
integration with other data streams. GTOS may need to help seek financial support for
extending the life of some of sites beyond their short experimental life.
Tier 2 Existing sites will form the basis of this tier although there may be justification in the
longer-term for the establishment of new ones. Such costs are not included. Nor are the costs
of the existing sites which are already measuring all of the variables recommended by the PG;
it is assumed that they will continue to meet their own costs, and that they will absorb the
modest costs involved in making their data available to GTOS. However, many existing sites
will need some instrument enhancement, since they are not currently measuring all of the
variables recommended by GTOS for its overall ecosystem monitoring objectives or required
to meet the data needs of the terrestrial-climate interface module for GCOS. It is assumed that
the average enhancement costs per site are US$ 100k (based on the capital costs of US LTER
sites), and starting in year two 10 sites are enhanced each year. Depreciation and O&M costs
for the enhanced instrumentation are budgeted at 20% of capital costs. Since these sites will
be in relatively rich countries or be part of well endowed systems it is assumed that they will
be established and operated on a 50:50 cost sharing basis with the host institution. This gives
a total annual O&M cost of $100k in year 2 rising to $400k in year 5 (Table 11).
Tier 3 As with tier 2 existing sites will be the basis of this tier, selecting 1,000 from the 2,500
plus now operating (Table 1 in Part I, and Table 10 Part II). Not all of these sites are correctly
placed to meet GTOS objectives, and it is assumed that starting in year 3, 10 new sites will be
established each year as part of a 10 year programme. As far as possible they should be
located at an existing establishment to reduce infrastructural and other costs. Experience with
the UN ECE ICP Programme on Integrated Monitoring and the Swiss Monitoring Programme
place the capital costs for such sites in the range US$ 80-130k - the value 100k is assumed,
and O&M costs at also 100k.
Some of the existing sites will require instrument enhancement. UK experience suggests this
would be about US$30k, with O&M at 20% of capital costs. It is assumed that starting in year
3 25 sites will be enhanced each year, though the actual requirements will have to be
determined following further contacts with the sites. Table integrates these cost estimates.
Tier 4 These sites do not exist though it is possible that once the desired location has been
established eg on a grid or stratified random system, it may be found that a number of existing
tier 4 type sites are more-or-less in the correct position to make a start on this tier, eg the UK
Countryside Survey, and the US Forest Health sites. In terms of the variables to be measured
tier 4 sites also have much in common with certain long-term agronomic experiments, which
cost some US$2-4k per year (Steiner and Herdt, 1993). These and other sites give a good
indication of what the costs would be. There are no appreciable establishment costs because
there is no fixed instrumentation, although land purchase and/or fencing may be required.
Annual operating costs would be low because the PG proposes that tier 4 sites are only
sampled every five years, and they could be operated by Tier 2 and 3 sites, or by National
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Agricultural Research Services, since they all have the necessary soil testing facilities, etc. It
is assumed that average costs are $1k per year, and that they are introduced over a period of
10 years starting in year 2.
Tier 5 This is costed within the GCOS programme and those of CEOS and other activities.
There could be some additional costs arising from GTOS needs but the PG lacked the
resources to estimate them.
Total costs
Thus the total operating costs for GTOS ‘programme’ management, data management and in
situ observations would be some US$ 705k in year 1 rising to US$ 6,095k in year 5, and
rising more slowly thereafter (Table 11). This is to be seen against the existing costs of
terrestrial monitoring which are at least US$ 300 million and probably exceed 500 million.
Capital costs would start at around US$ 500 in year 2 rising to US$ 2,250 in year 5. There is
some flexibility in all of the costs except those for the TAG and the CCU, in that it is the
judgement of the PG and a number of the peer reviewers that CCU staff numbers and
operating costs are the minimum for the objectives and tasks set for them. The flexibility in
the in situ observations relate largely to the rate of instrumentation enhancement and site
establishment, ie these activities could be spread over a longer period. They are nonetheless
needed to meet the extensive objectives set for GTOS by the co-sponsors.
There is similar flexibility regarding the rate of establishment and cost of the regional centres,
and given the advances in distributed data management fewer may be needed. If the PGs
proposal for six regional centres are accepted and they are introduced starting in year 2, and
establishing one per year, then their costs in that year will be US$ 380k rising to about US$
2,040k in year 5.
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