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ICSU Series on Science
for Sustainable Development

The ICSU Series on Science for Sustainable Development is produced by the
International Council for Science in connection with preparations for the 2002
World Summit on Sustainable Development (WSSD). The aim of WSSD is to
bring together governments, United Nations agencies and other key stakehol-
ders, including representatives of civil society and the Scientific and Technologi-
cal Community, to build upon the 1992 United Nations Conference on Environ-
ment and Development (UNCED) and to enhance efforts toward the future of
sustainable development. The Series includes a set of inter-disciplinary reports
focusing on major issues that are relevant to science for sustainable develop-
ment. The Seriesis meant to serve as a link between the scientific community and
decision-makers, but the reports should also be useful to all others interested in
the contribution of science to sustainable development. The Series highlights the
fundamental role science has played and will play in finding solutions to the chal-
lenges of sustainable development. It examines experiences since UNCED and
looks towards the future. It provides up-to-date knowledge, examines lessons
learned, successes achieved, and difficulties encountered; while also outlining
future research agendas and actions to enhance problem solving and good prac-
tices in sustainable development. The Series was made possible due to a gene-
rous grant provided by the David and Lucile Packard Foundation.

ICSU

The International Council for Science (ICSU) is a non- governmental organi-
sation representing the international science community. The membership
includes both national science academies (98 members) and international
scientific unions (26 members). The combined expertise from these two groups
of scientific organisations provides a wide spectrum of scientific expertise
enabling ICSU to address major international, interdisciplinary issues, beyond
the scope of the individual organisations. ICSU builds upon this scientific exper-
tise in a number of ways. It initiates, designs and co-ordinates major internatio-
nal, interdisciplinary research programmes, particularly in the areas of global
environmental change. It also establishes policy and advisory committees to
address important matters of common concern to scientists, such as education
and capacity building in science, access to data, or science in developing coun-
tries. ICSU acts as a focus for the exchange of ideas, communication of scienti-
fic information and development of scientific standards and networks. Because
ICSU is in contact with hundreds of thousands of scientists worldwide, it is often
called upon to represent the world scientific community.



ICSU Series on Science for Sustainabhle Development No. 8

Making Science for
Sustainable Development
More Policy Relevant:
New Tools for Analysis

Ashbindu Singh, Bedrich Moldan,
Thomas Loveland

with contributions by

lvar A. Baste, Gordana Beltram,

William Richard Burch Jr,

Timothy W. Foresman,

Susan Greenwood Etienne, Gary Machlis,
Peter ]. Marcotullio, Jerry M. Melillo,
Dorsamy Pillay, Veronique Plocq Fichelet,
David Rapport

AR 7N
&) ore (@)



The reports in this series have been put together
by groups of scientists on behalf of the various
sponsoring bodies. While every effort has been
made to make them as authoritative as possible,
the reports do not formally represent the views
of either the sponsoring organisations nor, where
applicable, the individual members affiliated to
those organisations.

Suggested Citation:

International Council for Science. 2002. ICSU
Series on Science for Sustainable Development
No. 8: Making Science for Sustainable
Development More Policy Relevant: New Tools
for Analysis.

28 pp.

©1CSU 2002
ISSN 1683-3686

Cover Images:

Each of the photographs on the cover represents
one of the three pillars of sustainable
development. (from left to right):

« Environment: © CNRS Photothéque / P. Dollfuss
View of Lake Yamdrok, a field of mustard crops
in southern Tibet, China.

+Social: © IRD / E. Katz

Mixtec woman washing coffee grains, Oaxaca,
Mexico.

« Economic: © IRD / E. Deliry-Antheaume

View of the Newton, Johannesburg, Gauteng
Province, South Africa.

Graphics and layout:
Atelier Marc Rosenstiehl, France

Printed by Stipa

Printed on recycled paper



MAKING SCIENCE FOR SUSTAINABLE DEVELOPMENT MORE POLICY RELEVANT 3

Preface

At the heart of any efforts to understand the current
unsustainable p atterns of development and to foster sus-
tainable development lie scientific analysis and the appli-
cation of scientific knowledge. Enhancing science and
technology activities that respond to and anticipate the
needs of policy-makers and other stakeholders is essential
when addressing issues from the plight of widespread
poverty to global climate change. Research and scientific
analyses must become more problem-focused, and apply
an interdisciplinary approach to sustainable development
issues in order for science to become more policy relevant.

The scientific tools of state-of-environment reporting,
environmental and sustainable development indicators
and indices, as well as geospatial data-based analysis and
large-scale assessments are currently undergoing a pro-
cess of rapid change. In fact, a whole new generation of
these scientific tools that renders scientific information
truly policy relevant is emerging.

1CSU’s Scientific Committee on the Problems on the
Environment (SCOPE), in collaboration with the United
Nations Environment Programme (UNEP), recently con-
vened a workshop to review the potential of these new-
generation scientific tools for analysis. This Report is based
on the scientific background papers prepared for this
workshop. ICSU is grateful to SCOPE and UNEP for having
taken this initiative.

Making science for sustainable development more
policy relevant has become a major issue, both for the
science and technology community and for policy-makers,
during the preparations for the World Summit on Sustai-
nable Development (WSSD). 1 trust that the ideas presented
in this Report on the new tools for scientific analysis will
strengthen the further implementation of Agenda 21,
aimed at achieving the objectives of sustainable develop-
ment. Scientists and policy-makers must map out and travel
this road hand in hand, together with other stakeholders.

Professor THOMAS ROSSWALL

Executive Director
1CSU
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Executive Summary

There is a clear and vital need for a strong partnership be-
tween science and society as we enter the new millennium.
Solutions to many of our greatest problems, such as feeding a
growing world population that may peak at 9 billion during
the second half of the 215t century, will come from this part-
nership. But at present the partnership is not operating at its
full potential because society does not always find science to
be policy relevant.

Thus, one of the commitments made by the scientific com-
munity for the World Summit on Sustainable Development is
to make science more policy relevant. This will require science
to deliver usable knowledge, i.e., science that is timely, relevant,
and place-based, to policy-makers, decision-makers, stake-
holders and citizens. Relevancy can be improved by placing
more emphasis on social aspects of sustainability, by addres-
sing the uncertainty of the scientific process, through the use
of common languages that are understandable to stakehol-
ders, and bylocadlizing environmental assessments so that they
are relevant to the specific geographies of stakeholders.

A new generation of tools for scientific analysis is emer-
ging. These tools will address the policy relevance of science
for sustainable development. A list of such improved tools
includes:

* conceptual frameworks, which provide powerful insight
and organizing qualities for sustainability analyses;

* indicators and indices of development status and environ-
mental change;

* specific forms of analysis—cost burden, cost benefit, risk ana-
lysis, and so forth—relying on indicators that are best selected
through the use of sound conceptual frameworks; and

* assessments that are carefully constructed and produced
to provide policy input.

To date there has been no comprehensive evaluation of
the major scientific assessments of the past two decades that
addresses the following questions. What topics have been

covered? Are there important topic gaps? What are the suc-
cesses and failures? What aspects of design and process
make for successful assessments? Can we combine the suc-
cessful aspects of design and process into a new assessment
framework that makes science highly policy relevant? This
report proposes that the relevant international scientific
organizations, in co-operation with intergovernmental orga-
nizations jointly undertake such a comprehensive evaluation.

Useable knowledge will be attained only when we move to
studies that are framed by geographic context-ie., how and
why does place make a difference and how can spatial context
be optimised for integrated assessments, including social, eco-
nomic, and environmental aspects? The consequences of our
actions and impact on sustainability are clearly influenced by
place and scale. With tools like remote sensing, we can map,
measure, and monitor the phenomena that comprehensively
form geographic complexity, and we can track, over time, how
conditions on the Earth’s surface are changing. Through the
use of geographic information systems (GIS) and global posi-
tioning systems (GPS), we can establish geographic location,
define context, and apply spatial models to translate problems
into terms associated with the decision-making process for the
range of environmental, social, and economic challenges.

However, these tools are not valuable unless we overcome
the real limitations associated with the lack of quadlity data.
The availability of data sets at national and regional levels is
uneven and any attempt to localize environmental assess-
ments will be limited by the coarsest available indicator data.
Crucial needs for environmental data will only be met if data
centres and spatial data clearinghouses such as the UNEP-
GRID network and the ICSU World Data Centres focus on
making the best available spatial data sets accessible to the
environmental assessment community.

The use of these tools for developing and analyzing indi-
cators and for use in sustainability assessments is a vital part
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of a robust state of environment reporting program. State of
the environment reports should be balanced, comprehensive,
causal, objective, policy-oriented and provide incentive for
action.In orderto ‘breathlife’into the existing statistical frame-
works, a conscientious effort needs to be made to give equal
weight to the biophysical, geographic, socio-economic and
human health dimensions.

All future considerations of the science and policy interface
should integrate social and health sciences with the natural

sciences. Until recently, contributions from these sectors have
been underplayed, but great strides have been made in under-
standinglinkages, for example, between human health and eco-
system condition. Once we can clearly demonstrate how all the
variables (personal health, economic opportunity, preservation
of cultural traditions, social support mechanisms) that people
use as yardsticks that matter to humans are interrelated within
an ecosystem health context, we may finally begin to foresee
more science-based policy that can effectively lead to the long-
term sustainability of our environment and our societies.
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Introduction

Background

A whole series of initiatives can be characterized by a com-
mon cause: making science more policy relevant. This is an
important unifying theme for the World Summit on Sustainable
Development (WSSD). Here, the science and technology com-
munity will demonstrate its readiness and ability to “change
course” developing anew role and commitment of science and
scientists in the contemporary world, not new science but
science in service to society, inclusive rather than exclusive, seek-
ing partnerships, and involving other stakeholders.

The WSSD seeks a greater role for science and scientists.
As stated in paragraph 93 of the Draft Plan of Implementa-
tion (IVth Session of the Preparatory Committee for the
WSSD, Bali, June 12, 2002): “Improve policy and decision
making at dll levels through, inter alia, improved collabora-
tion between natural and social scientists, and between
scientists and policy makers:

* Increase the use of scientific knowledge and technology,
and increase the beneficial use of local and indigenous
knowledge in @ manner respectful of the holders of that
knowledge and consistent with national law;

* Make greater use of integrated scientific assessments, risk
assessments and interdisciplinary and intersectoral
approaches;

¢ Continue to support and collaborate with international
scientific assessments supporting decision making, inclu-
ding the Intergovernmental Panel on Climate Change,
with the broad participation of developing country
experts;

* Assist developing countries in developing and implemen-
ting science and technology policies;

* Establish partnerships between scientific, public and pri-
vate institutions and by integrating scientists’ advice into
decision making bodies in order to ensure a greater role
for science, technology development and engineering
sectors.”

Furthermore, paragraph 95 calls to: “establish reqular
channels between policy makers and the scientific commu-
nity for requesting and receiving science and technology
advice for the implementation of Agenda 21, and create and
strengthen networks for science and education for sustain-
able development, at all levels, with the aim of sharing know-
ledge, experiences and best practices, and building scientific
capacities, particularly in developing countries.”

Science in service to society means that science must aim
for solutions to real world contemporary problems. Such
science should move beyond the traditional ‘three-pillar’
assessment framework (i.e. economic, social and environ-
ment), and should seek for true integration among the three
elements. The social pillar of sustainability seems to be an
especially crucial one, and at the same time the least deve-
loped. The science and technology community would like to
contribute to the Millennium Declaration goals, a promi-
nent one being the eradication of poverty. But what is
poverty? Is the commonly used definition of per capita
income below one USD/per day adequate? The answer is
probably yes in most countries, especially in the developed
world. But what about indigenous subsistence farmers in
remote areas? They certainly are vulnerable to the many
threats of the globalized world. But is the focus on merely
increasing income sufficient? Such questions, among num-
erous others, are more and more relevant. Indeed, we are not
even able to formulate all the relevant questions. A number
of issues related to making science more policy relevant
include:
¢ Legitimacy: to be policy relevant, science must be fully

legitimate. There are various sources of legitimacy, e.g. at

an international level the involvement of governments.

* The “level of precision” could be complemented by the
need to address uncertainty in an appropriate manner,
preferably in a quantitative way.

e The language in which science-based knowledge is
conveyed must be accessible for all stakeholders.
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* Localizing assessments: we must move toward local to
regional scientific assessments because geographic and
cultural settings matter.

The Need

Since the UN Conference on Environment and Develop-
ment (UNCED), Rio, 1992, much has been learned about
what is needed if scientific understanding of the structure
and function of global and local ecosystems is to contribute
significantly to the on-going policy discourse on global envi-
ronmental issues. The three successive assessments of the
Intergovernmental Panel on Climate Change have moved
from a central focus on biophysical issues to a more integra-
tive treatment of environmental and societal questions. This
progression in understanding has taught us what is needed
for more sophisticated and sensitive assessments. At the
same time, emerging studies around issues of vulnerability,
sustainability, science, social and ecological resilience, sustai-
nable livelihoods and more policy relevant research all point
tothe need for anew generation of assessmentsto informthe
policy dialogue.

Assessments to guide, support, monitor and evaluate poli-
cies that seek actions supporting sustainable development,
management of human needs inresponse to climate change,
and trans-regional equity in distribution of benefits and bur-
dens in use of material and energy resources will require new
kinds of scientific approaches. The focus of such approaches
will be directed to socio-cultural, economic and biophysical
ecological systems. This means that in-depth analyses into
both biophysical and human aspects of ecological systems
and their interactions will be needed. This new generation of
assessments must also recognize that knowledge is plural
and that high-quality science is necessary but not exclusive to
fully understand patterns and processes at the local level.
Those living with the problem have much to contribute to the
assessment process.

The next generation of assessments should be collabora-
tive and participatory in assessing causes, and identifying
remedies and institutional structures for implementation.
International organizations can play a critical role in fostering
and supporting the development of these new assessments,

promoting the participatory capacity of regions and localities
and enhancing their contributions to the policy process, deve-
loping a culture of data sharing. They can serve as gatekeeper
and facilitator in exchanges between knowledge producers
and interpreters, and knowledge users and managers.

This new generation of assessments will need to proceed
from well-developed conceptual frameworks rooted in
human ecosystem thinking. They will need to consider that:
* Institutional partnerships fill an essential role in structu-

ring relevant assessments;

* Analyses conducted at different scales reveal different
aspects of environmental problems, their causes and
potential remedies;

* The current global scale assessments will need to be sup-
plemented by assessments at regional and local scales in
co-operation with appropriate institutions;

* The new generation of assessments will be multi-layered
and therefore methods forintegration among such assess-
ments, both horizontally and vertically, will need to be
developed;

* The conventional wisdom of the ‘three pillars’ approach
linking economic, social and environmental aspects, and
its relevance and potential towards the understanding of
environmental issues, will need to be revisited;

e The culture of science will need to develop a ‘service’
orientation toward the needs of policy-makers;

* The scientific process must include steps that ensure the
relevance, legitimacy and credibility of its findings and
analyses;

e Scientific interest in maintaining the biodiversity and
health of ecosystems is balanced with similar interest in
serving human needs and the diversity of societies.

To become more policy relevant, science and scientists
must deliver usable knowledge to policy-makers, other deci-
sion-makers, stakeholders and citizens. Useable knowledge in
this context presents several characteristics. First, it is timely,
delivered at an appropriate point in the decision-making pro-
cess. Second, it is relevant, providing data and insight appro-
priate to the specific decision or policy at hand. Third, useable
knowledge is delivered at an appropriate level of precision.
Fourth, useable knowledge is cost effective. Finally, know-
ledge should be locally-specific and reflective of geography
and culture, rather than generic for a larger area.
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Useable knowledge is best provided through state-of-the-
artscience. State-of-the-art scienceisbased on sound theory,
creative application of the scientific method, rigorous analy-
sis and open review. Useable knowledge can then be consi-
dered as a “value-added” science tool to assist in making
science more policy relevant.

There are four major types of useable knowledge relevant
to science for sustainability. The first is conceptual frame-
works, which provide powerful insight and organizing quali-
ties. A second kind of useable knowledge is the wide array of
indicators and measures available for monitoring develop-
ment and environmental change. These indicators can and
should vary depending upon place and scale. A third kind of
useable knowledge results from specific forms of analysis:
cost burden, cost benefit, risk analysis, and so forth. Such ana-
lytical tools rely on indicators that are best selected through
the use of sound conceptual frameworks.

Finally, all these types of useable knowledge contribute to
a fourth kind—assessments. Such assessments must be care-
fully constructed and produced if they are to provide power-
ful policy input. Issues such as integration, use of common
language, regional- and place-based focus, legitimacy, use of
both traditional and scientific knowledge, and involvement

of citizens must be creatively and effectively addressed.

Numerous delivery systems that include environmental
reporting, presentation of issues using maps and graphics,
use of public workshops, presentation of modelled simula-
tions and scenario exercises, and communication through
the public and professional media, can provide essential
usable knowledge to policy-makers, other decision-makers,
stakeholders and citizens. These different systems for deliver-
ing useable knowledge each have advantages and disadvan-
tages, yet all contribute to making science more policy rele-
vant and improving data sharing between the scientific and
policy-making communities.

Furthermore, useable knowledge can be conveyed to deci-
sion- and policy-makers through the direct involvement of
scientistsin the policy making process. Scientists can serve as
advisors, they can sit on policy making boards and/or consul-
tative panels, and can provide informal advice through pro-
fessional networks. Scientists can act as brokers of know-
ledge delivering crucial insights to decision-makers. Finally,
scientists, like other citizens, can elect to run for office and
become decision-makers themselves. All these options pro-
vide the opportunity to synchronize the cultures of the scien-
tific and policy-making communities.
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Frameworks for the State of Environment

Reporting

A major impediment to the development of the know-
ledge base on global environmental change, to the develop-
ment of more powerful assessment methods, and to the crea-
tion of sound indicators and indices has been the lack of a
widely agreed upon conceptual framework for assessment
that integrates across the human and ecological sciences.
However, a number of integrating conceptual frameworks
are now beginning to appear. Each of these frameworks is at
a different stage of development and reflects different
emphases, issues, and scales of use. For example:

* The proposed UNEP Human Environmental Index pro-
vides a ranking of nation states based on their response to
land, air, and water issues.

* Ostrom et al. examine institutions as requlators of human-
nature transactions.

* Holling’s panarchy theory emphasizes process.

* The Sustainability Science Initiative outlines an entirely
new-edge science.

* The Resilience Alliance and the Millennium Ecosystem
Assessment seek measures of pattern and process in both
human and biophysical ecosystems.

¢ Moldan and Billharz (1997) grouped sustainability indica-
tors within large-scale conceptual frameworks.

* Telos developed a stocks and flows “sustainability triangle”
that connects ecological capital, social and cultural capi-
tal and economic capital.

* Costanza and his colleagues have developed a detailed
framework for estimating the economic value of ecologi-
cal resources.

These families of conceptual approaches all emphasize
value and utility for policy applications. The time is oppor-
tune for synergy among these frameworks through some
form of “model dialogue” aimed at comparing the integra-
tive conceptual frameworks that are emerging, assessing
their commondlities and differences, connecting their foci of
interest through a more ordered division of labor, and chart-
ing the course for the next stage of development.

Connecting the global consequences of human action
with the local levels of human interest and management is
critically important. The issues of scale have been aptly noted
by Vasishth’s and Sloane’s (2002: 343-365) comment that:

“A central challenge in an ecosystem approach to plan-
ning and its concern with managing open systems lies in this
seeking out and questioning traditionally accepted defini-
tions in our conceptions of organization, boundaries and
scale-definitions that, in the absence of careful attention,
inevitably permeate the descriptions we make of the natural
and social world we seek to control. In such cases, the idea
that we should ‘think globally and act locally’ becomes less
than adequate, and we may need to settle for someless catchy
but more pragmatic version-perhaps one that says this: Think
at the scales that matter, and act at levels that count.”

A framework that integrates a variety of these emergent
approaches so that they might help us to “think at the scales
that matter and to act at levels that count” could be, for
example, the Human Ecosystem Model (HEM) that has been
in process and testing since 1984 (Burch and Deluca). It was
reconfigured in 1997 by Machlis et al. and then expanded by
Pickett et al.in 1997 to guide a Long-Term Ecosystem Studyin
the Baltimore, Maryland, USA Urban Region. Arecent review
by Luzadis et al. (2002: 93) suggests:

“The HEM provides a strong conceptual basis as a social
science framework for an integrated social and biophysical
model. This foundation allows examination of broad temporal
and spatial scales, and the ability to relate biophysical and social
patterns and processes. Its primary weakness is inits lack of spe-
cification of process. Additional improvements could bemade by
specifying the processes in terms of energy transformation and
flow to more fully allow linkages with systems ecology models.
These weaknesses provide opportunity for productive future
research to aid in understanding ecosystems and sustainability.”

These weaknesses are currently being corrected, and an
operational manual is being developed with a full array of
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indicator measures and data from case studies conducted
over nearly three decades of exploration.

The Human Ecosystem Model

The human ecosystem is defined as a coherent system of
biophysical and social factors capable of adaptation and sus-
tainability over time. Human ecosystems rest upon a founda-
tion of abiotic and biotic biophysical factors taken as base
conditions, including (1) a solar-driven energy system obeying
thermodynamic properties, (2) biogeochemical cycles, (3)
landforms and geological variation of great complexity, and
(4) the full genetic structure of life including biophysical pro-
perties of homo sapiens. The base conditions limit, constrain,
influence and occasionally direct many human ecosystem
processes, and affect dall realistic efforts to understand the
structure of human ecosystems. Boundaries can be spatially
identified through ecological transition zones, administrative

- Critical Resources -

and/or political boundaries, or more fine-scaled analysis of
sharp perturbations in system flows. (See Figure 1.)

The social system is composed of three subsystems. The first
subsystem is a set of socidl institutions, defined as collective solu-
tions to universal challenges, wants and needs. The second sub-
systemis a series of social cycles, i.e.temporal patterns for alloca-
ting human activity. The third subsystem is the social order, which
is a set of cultural patterns for organizing interaction among
people and groups, and people and nature. Taken together, these
three subsystems constitute the social system. Combined with
the flow of resources, this creates the human ecosystem.

Within this structure, key flows transfer individuals (of
varying species), information (from genetic to cultural),
energy, materials (here including natural resources such as
water, and man-made goods as well), nutrients and money.
These flows—within human ecosystems and between them as
well-vary by rate, intensity, duration, frequency, and distribu-

Human Ecosystem Figure 1. The Human Ecosystem

Framework (Machlis et al. 2002).
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Figure 2. Conceptual Framework of the Millennium Ecosystem Assessment

(redrawn from http.//www.millenniumassessment.org).

tion. Flows between structural components of human ecosys-
tems indicate most biophysical and socio-cultural processes.

A primary objective ismeeting humanneeds and wants at the
levels of individudls, social groups, and organizations. Efficacy in
achieving advantageous adaptation is based on social power
(broadly defined to include socidl, cultural, political, economic
and military forms). Itisimportant to recognize that human eco-
systems are hierarchically nested at different scales, and linked
through shared base conditions, structures, flows, adaptive
mechanisms and the agency of human needs and wants.

Conceptual Framework of the Millennium
Ecosystem Assessment

The recently launched Millennium Ecosystem Assessment
(MA) has adopted a framework with an integrated ecosystem

assessment approach that includes an analysis of the capa-
city of an ecosystem to provide goods and services important
for human development. (See Figure 2.) The MA includes
both ecological and economic analysis and considers both
the current state of the ecosystem and its future potential.
Two fundamental features of an ecosystem assessment are:
* The assessment is place-based; the focus is on a specific
ecosystem in a particular location, recognizing that the
factors influencing that system may be either local (e.g,,
farming) or remote (e.g., change in atmospheric CO,);
¢ The assessment is multi-sectoral in order to take into
account how a suite of factors interact to influence the
ecosystem and how an entire array of goods and services
are affected by changes in the ecosystem.

An advantage of the integrated ecosystem assessment stra-
tegy is that it provides the information necessary to consider
various levels of goods and services and to identify opportuni-
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ties to increase the level of benefits obtained from ecosystem
goods and services. It is expected that the multi-sectoral
assessment approach, considering water, food production,
carbon sequestration, timber, and other ecosystems uses will
provide decision makers with trade-off information needed to
promote realistic management strategies.

Ecosystem Health Approach

Definitions of ecosystem health are often couched in
terms of the absence of signs of pathology. For example, a
lake is deemed “hedlthy” if it shows none of the obvious signs
of pathology such as contamination, algal blooms, loss of fish
species, and the like. However, this is only part of the story. A
focus on ecosystem health must also examine the capacity
for maintaining or restoring biological and social organiza-
tion on the one hand, and the ability to meet reasonable and
sustainable human goals on the other. From this perspective,
ecosystem headlth is as much about sustaining human com-
munities, cultural and linguistic diversity, economic opportu-
nity, and human and animal health, as it is about sustaining
the biological functions of ecosystems.

Looking further into the properties of ecosystem health,
three major attributes emerge as measures of health: (1) vigor
(productivity), (2) organization (including the diversity of biota
and their interactions) and (3) resilience. Vigor or productivity
refers to the capacity of the system to sustain growth and
transmission (reproduction) of biological, linguistic and cultu-
ral components. Organization refers to the capacity of the sys-
tem to support biological and cultural diversity. Resilience
refers to the capacity of the system to buffer perturbations,
and is also the capacity to rebound after social, political, or
natural disturbances and reestablish vigor and organization.

While the attributes of vigor, organization, and resilience
have been assessed from an ecological perspective, these
concepts are equally applicable to the socio-economic,
human health and bio-cultural dimensions. For example, in a
healthy ecosystem, economic activity is buffered against the
vagaries of market forces, for the system can support a
variety of alternative human activities that can be brought
into play to maintain a source of income for the human com-
munities within the system.

As ecosystems are inclusive of human communities and
associated cultural/linguistic attributes within this model,
the evolving definitions of ecosystem health will need to
account for the social, economic and cultural components as
much as the biophysical aspects. It follows that ecosystem
hedlth is as much mirrored in socio-economic and cultural
attributes as it is in biophysical attributes. For example, eco-
nomic manifestations of ecosystem health are found in indi-
cators of sustainability livelihoods (with both rural and urban
components). Inevitably, ecosystem degradation is reflected
in the loss of opportunities for sustainable livelihoods. Fur-
thermore, as epidemiological studies suggest that humaniill-
nesses are in many cases stimulated by ecological imbalance,
the hedlth status of populations reflects or mirrors ecosystem
health. For example, cholera, malaria, dengue fever, Ross
River virus, Lyme disease, cryptosporidosis, to name but a few,
are all enhanced by degraded environments. When it comes
to linguistic and cultural diversity, the key nuance lies in the
interplay with biodiversity. Loss in one component of diversity
impacts the other components (Rapport and Singh 2002).

Environmental Reporting

Anumber of reports are regularly published by international
organizations and NGOs utilizing existing environmental data
and indicators to evaluate current conditions and trends to
provide information on the state of the environment. There are
four frameworks that shape most state of the environment
reporting:

* Anenvironmental issues framework with focus on indica-
tors of specific environmental problems such as waste
management, climate change or biodiversity.

* Aresource framework that considers indicators of natural
resource use, such as forestry, fisheries or energy.

* An environmental media framework with focus on indica-
tors that measure impacts of various activities on the dif-
ferent environmental elements, such as air, water, land or
biota.

* Anenvironmental process framework that focuses beyond
previous frameworks and identifies not only the individual
indicators within each of those areas, but furthermore
attempts to combine and link them to human activities
responsible for the changes in environmental conditions
(CEC 1996).
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A detdiled discussion on various frameworks for state of
environmentreportingis given in Moldan and Billharz (1997)
and Rump (1996). Aimost all international organizations are
using a similar framework for indicator typology. In the early
1990s, the Organisation for Economic Co-operation and
Development adopted a model called the Pressure-State-
Response (PSR) framework (OECD 1998) for international
comparability. The PSR framework was initially proposed by
Rapport and Friend (1979) as the “stress-response” model. It
provided a means for assessing the interactions between
environmental pressures, the state of the environment, and
environmental responses (OECD 2001). However, the PSR
framework does not attempt to specify the nature or form of
the interactions between human activities and the state of
the environment. The PSR framework was then extended to
cover the environmental/social interface of sustainable
development in order to better track the course toward a sus-
tainable future. As a result the framework provided a baseline
for the evolution of the Driving Force-State-Response (DSR)
and the Pressure-State-Impact-Response (PSIR) or Driving
Force-Pressure-State-Impact-Response (DPSIR). In 1995, in
the context of Agenda 21, the United Nations Commission on
Sustainable Development (UNCSD) adopted a world pro-
gramme targeted at generating and using sustainable deve-
lopment indicators. In 1996 the UNCSD identified a core set
of 134 indicators grouped in categories covering the econo-
mic, social, institutional and environmental aspects of sustai-
nable development. The core set of indicators has been pre-
sented in a Driving Force-State-Response framework, which is
analogous to the Pressure-State-Response model.

The European Environment Agency is using the Driving
Forces-Pressure-State-Impact-Response (DPSIR) framework. The
DPSIR provides an overall mechanism for analyzing environ-
mental problems (Livestock and Environment Toolbox 2001).
Canada uses a modified PSR framework for indicators; that is,
stress, condition, effect and response (Rutherford, in CEC 1996).

State of environment reporting should be balanced, com-
prehensive, causal, objective, policy-oriented and provide
incentive for action. In other words, state of environment
reporting must strive to provide analysis within the dynamics
of the human ecosystem model. The assessment should be
based on sound scientific methodology, and data should be
carried out to answer policy-relevant questions such as:

* Whatis the state of the environment?

* What are the trends?

* What are the causes inducing these trends?

* What are both the harmful and beneficial consequences to
people? This is particularly important as the public is not inter-
ested, for example, inthelevel of nitrogen dioxide in the atmos-
phere. But people do want to know how it might affect them.

In this context there is a need for an enlarged framework,
which takes into account the interaction between human
and ecological systems, and its consequences for human
well-being. One way to make reporting more policy relevant
would be to focus on human concerns.

Human Vulnerability to Environmental Change

The increasing vulnerability of humans to environmental
change is amajor concern. In fact, the World Commission on
Environment and Development (WCED 1987) stressed the
needs for:

* ldentifying critical threats to the survival security or well-
being of all or the majority of people, globally and regionally;

* Assessing the causes and likely human, economic, and
ecological consequences of those threats, and reporting
regularly and publicly on their findings.

The United Nations Conference on Environment and Deve-
lopment, which adopted Agenda 21 in 1992, proclaimed that
“Human beings are at the center of concerns for sustainable
development. They are entitled to a healthy and productive
life in harmony with nature.” (United Nations 1993).

Environmental insecurity is defined as the vulnerability of
people to the effects of environmental degradation (Barnett
2001). It implies the way environmental degradation affects
the welfare of human beings or threatens the security of people.

However, the majority of scientific assessments of global
environmental change mostly pays attention to the analysis
of environmental changes, but is less able to quantify the
impact these changes might have on societies, including
socio-economic impacts and deterioration in cultural and
linguistic diversity. As our understanding of environmental
change throughout the world grows, it is increasingly clear
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that highly vulnerable regions, peoples, and ecosystems will
bear much of the burden of current patterns of unsustainable
human activities. Hence issues related to the vulnerability of
social and ecological systems are emerging as a central focus
of policy-driven assessments of global environmental change
(Belfer Center for Science and International Affairs 2000).

The humanimpact on the environment should not be seen as
a one-way street; it goesin both directions. Changes in the envi-
ronment have an impact on human welfare, can make major
contributions to pathology in the human social system, and can
lead to significant loss of bio-cultural diversity. Thus, degrada-
tion in ecosystems should stimulate a human adaptive response
to reduce the direct and indirect human impacts of such degra-
dation. (Harrison and Pearce 2000). An evolving model, taking
full account of such bio-cultural complexity, would seek to (1)
quantify human impact on environment; (2) quantify how
changes in environment would increase human vulnerability;
and (3) quantify how perceived (and actual) losses in socio-eco-
nomic health and bio-cultural diversity stimulate adaptive res-
ponse. As we look ahead, we can anticipate that the exploration
of these complex feed-back loops could be one of the important
pathways through which science can enhance its relevance to
public policy in the environmental arena. (See Figure 3.)

Human welfare affected by environmental degradation
can easily be depicted through a number of diverse topics,
including health, economiclosses, poverty, food security, equity
(intra and intergenerational), loss of natural heritage and exper-
iences (i.e. cultural and linguistic diversity), loss of intellectual
property rights, conflict, exposure to extreme events and cli-
mate change impacts. If vulnerability were described under
these themes rather than those of state variables (i.e. resources
or pressure variables), enhanced public attention and concern
would result. Itis also essential to differentiate scientific results
from the policy significance of those results (Pielke 2002). It fol-
lows that environmental assessment processes and policy
assessments should be dedlt with on separate bases.

In order to ‘breathe life’ into existing statistical frame-
works, a conscientious effort needs to be made to widen their
purview by giving equal weight to the biophysical, geogra-
phic, socio-economic and human health dimensions. Exis-
ting environmental frameworks for statistical purposes are
not sufficient by themselves to analyze causality and trends.
For sure, assessments must be more local in order to be more
relevant. That part of the picture is emerging from detailed
and synoptic studies of many case histories, seeking common
patterns (Rapport and Whitford 1999).

Status
Land, Air, Water

l

Causes
Population growth,

Environmental Assessment

Trends
Biodiversity loss,

Consequences
Health, Poverty,

Climate changes, etc. > Deforestation, | —— Food security, etc.
Pollution, etc.
A |
e . P [
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1 1
1 1
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Figure 3. Human vulnerability to environmental changes framework (Rapport and Singh 2002).
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Environmental Indicators
and Indices

The packaging of data into indicators is a way of simpli-
fying complex and detailed information. Indicators should be
designed in a way that helps decision-makers to set precise
goals for future action and enables interested parties to
monitor progress toward the desired goals. Anindexis a com-
posite of several indicators. Combining relevant indicators
from a vast array of environmental data into a composite
index reveals the available evidence in a much more convin-
cing fashion than would individual indicators. Normally,
indices grab the headlines in the mass media, attract public
opinion, and mobilize actions from political leadership. For
example, economic indicators like the Gross Domestic Pro-
duct (GDP) show the power of a single number whose signi-
ficance is widely comprehended. However, public interest
tends to focus more on relative ranking than on absolute
score. The relative ranking provides context and perspective,
allowing the public to compare each country or theme on the
same scale using similar measures and criteria. Such ranking
can stimulate discussions for change.

Environmental indicators are relatively under-developed
compared to economic and social indicators. No popular
environmental index aggregated in a way that provides a
sense of the big picture of environmental performance, equi-
valent to GDP or the Human Development Index (HDI), exists
to facilitate comparative ranking of countries based on ana-
logous information and consistent criteria.

Environmental Indices, Indicators and Data:
A Review

There have already been attempts to develop composite
indices related to various aspects of the environment within
the framework of sustainable development. Hammond et al.
(1995) discussed a systematic approach to measure and
report on environmental policy performance in the context of
sustainable development, and provided a conceptual frame-

work (Pressure-State-Impact-Response) for developing com-
posite indices for pollution/emissions, resource depletion,
biodiversity, and human impact/exposure. Chambers et al.
(2000) have given a lucid description of the advantages and
disadvantages of numerous frameworks on sustainability
indicators such as ‘Environmental Space’, ‘System Models’,
‘Environmental Impact Assessment and Critical Loads’, ‘Cor-
porate Environmental Performance Evaluation’, ‘Life Cycle
Analysis’, ‘Metabolic Studies and Material Accounts’ and
‘Energy and Energy Analysis’.

A number of composite indices have been proposed such
as the Environmental Sustainability Index (ESI) by the World
Economic Forum (2001 & 2002), the Sustainable Develop-
ment Index and Environmental Policy Index (Thomas et al.
2000), the Living Planet Index (WWF 2000), the Environmen-
tal Quality Index “Dashboard Sustainability Concept” (11ISD
2000), the Ecological Footprint (Wackernagel and Rees
1996), and the Ecosystem Well-being Index (EWI) (Prescott-
Allen 2001).

A summary review of available indices reveals several
shortcomings. Some indices deal with only a few environ-
mental challenges (e.g. the Living Planet Index focuses on
biodiversity loss) or rely on a particular pattern of human
activities (e.g. Ecological Footprint is an index of consump-
tion pressure of societies). Others try to cover environmental
goals by involving too many variables, but become too com-
plexfor future follow-up and public understanding (e.g. ESl or
EWI). In fact, Esty and Porter (2000) observed that the ESI
includes theoretically-derived variables, but the method-
ology does not validate a relationship between these
variables and environmental outcomes.

Numerous international, regional organizations, govern-
mental agencies and scientific bodies have launched a variety
of environmental indicator initiatives encompassing different
areas of the environment. Some of the major initiatives at the
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global, regional and national levels are summarized by Singh
and Moldan (2002).

Recently, the UN General Assembly adopted the United
Nations Millennium Declaration (resolution 55/2) which was
signed by 145 heads of state and government. The General
Assembly thereby requested regular assessments of progress
towards the implementation of the goals defined in the Mil-
lennium Declaration (http://wwwun.org:E/CN.3/2002/25).
A framework of eight goals, 18 targets and 48 indicators was
included in the report of the Secretary-General on aroad map
towards the implementation of the Declaration (http://www.
un.org:A/56/362).“Goal 7, To ensure environmental sustaina-
bility” sets forth the following targets and indicators:

* Target 9. Integrate the principles of sustainable develop-
ment into countries policies and programmes and reverse
the loss of environmental resources.

Indicators:

Proportion of land area covered by forest

Land area protected to maintain biological diversity
GDP per unit of energy use (as proxy for energy efficiency)
Carbon dioxide emissions (per capita) [Plus two figures
of global atmospheric pollution: ozone depletion and
the accumulation of global warming gases]

e Target 10.Halve by 2015 the proportion of people without
sustainable access to safe drinking water
Indicator:

Proportion of population with sustainable access to
improved water source (data on quality water not avail-
able)

* Target 11. By 2020 to have achieved a significant impro-
vement in the lives of at least 100 million slum dwellers
Indicators:

Proportion of people with access to improved sanitation
Proportion of people with access to secure tenure

Obviously, many of these indicators attempt to describe
particular realms of the environment in detail. Another inter-
esting feature is that too many criteria and indicators are
being proposed. As described below, there are more indica-
tors proposed than the number of data variables being nor-
mally measured (Singh and Moldan 2002).

There is a need for greatly improved, coherent and compa-
tible baseline data and data systems available to all potential

users. The prevalent gap between theory and redlity related to
the current data and indicators development paradigm isillus-
trated in Figure 4. The deficiencies in international databases
and indicators are in most instances a direct consequence of
the lack of basic environmental data at country levels. The only
way to ensure the provision of environmental information on a
routine basis is to build and enhance national capacities for
collection, compilation, and analysis of environmental data.

Criteria for Indicators (bhased on OECD 2002)

No country, at this point in time, has officially developed
one single index of sustainability. Instead, countries are deve-
loping sets of indicators. In many cases, the criteria for deter-
mining what is a “good” indicator depend on and reflect the
users of that indicator. It is extremely difficult to identify indi-
cators that are understandable and useful for all users. This is
one reason underlying the need for anumber of different sets
of indicators. Detailed indicators are often best suited for
experts, whereas so-called “headline” indicators are often
best for communicating with a wider audience.

The Bellagio report (Hardi and Zdan 1997) suggested that
the following points are important as selection criteria: policy
relevance; simplicity; validity; availability of time-series data;
good quality, affordable data; ability to aggregate informa-
tion; sensitivity to small changes; reliability.

The OECD established the following set of criteria for indi-
cator selection in the field of environmental indicators
(OECD 1998):

Policy relevance and utility for users:

* Provide a representative picture of environmental condi-
tions, pressures on the environment and society’s responses;

* Be simple, easy to interpret and be able to show trends
over time;

* Beresponsive to changes in the environment and related
human activities;

* Provide a basis for international comparisons;

* Beeither national in scope or applicable to regional envi-
ronmental issues of national significance;

* Have a threshold or reference value against which to
compare it so that users are able to assess the significance
of the values associated with it.
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Figure 4. The Information Pyramid: Theory and Redlity (Singh and Moldan 2002).

Analytical soundness:

¢ Be theoretically well-founded in technical and scientific
terms;

* Be based on international standards and international
consensus about its validity;

* Lend itself to being linked to economic models, forecast-
ing and information systems.

Measurability:

* Readily available or made available at a reasonable
cost/benefit ratio;

* Adequately documented and of known quality;

* Updated at reqular intervals in accordance with reliable
procedures.

For policy development, OECD (2002) calls for indicators
that are few in number, clear, concise, and analytically
robust. In addition, they need to highlight unambiguous
“good” and “bad” directions of movement.

A number of other criteria considered to be important
include the need to have (1) a close connection between the

indicators and quantitative targets, (2) stated objectives, and
(3) policy intentions or public expectations. In addition, indi-
cators should be able to differentiate human interference
from natural variability, and they must give societies enough
time to act to avoid crossing a critical threshold. It would be
desirable to include the concept of a critical threshold in an
indicator, but it has been noted that this is very difficult.

In conclusion, the power of an indicator lies not only in cha-
racterizing the issue but also in providing guidance towards
dedling with the issue. At stake is not only our ability to identify
indicators, butmore concretely to make these indicators acces-
sible and understandable to policy makers and the general
public. Until this objective is attained, there will always be too
many indicators and very little action. Since the 1992 Rio UN
Conference on Environment and Development, there has been
a proliferation of activities related to the development of sus-
tainable indicators and, as mentioned earlier, too many indica-
tors have been proposed. However, in recent years, the trend
seems to be shifting towards development of fewer indicators
as reflected by the 10 Indicators for Environment by OECD
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(2001) and Headline Indicators by the Furopean Environment
Agency (EEA) in Environmental Signals (2001).

The review by Singh and Moldan (2002) highlighted that
there is no composite index widely used to capture progress
made towards environmental goals. It affirmed aneed for the
introduction of a composite index, similar to GNP for eco-

nomy and HDI for human development, that can be used to
track the progress towards environmental protection with a
greater degree of simplification, and to facilitate communi-
cation. Such a composite index would solicit wider public
attention, bring transparency and accountability to policy
making, and create a basis for fine-tuning policies for maxi-
mum effectiveness.
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Geospatial-Based Analysis and
New Tools for Assessment

The previous section noted that clarity, relevance, and sim-
plicity were valuable traits for indicators. The nature of prob-
lems and the value of assessments vary from place to place.
The local interplay of environmental and socio-economic
characteristics influences the ways we use available
resources and administer human activities. The conse-
quences of our actions and their impact on sustainability are
therefore influenced by place.

Closely related are issues associated with the scale of the
assessment, the scale of the problem, and the scale at which
decisions are made. Regardless of the scale of an assessment,
to be policy relevant and provide meaningful input to the
decision making process, we must be able tolocalize problems
(Balling 2000). All environmental issues and processes have
scale-dependent connections (Bailey 1987). Some environ-
mental problems have specific local origins, such as the soil
erosion associated withinappropriate soil management prac-
tices. The consequences occur both at the site where there is
lower productivity, as well as downstream and regionally
because transported sediments impact water quality and
aquatic resources. From the opposite vantage point, climate
change is a fluid global process with very local implications.

The tools needed to factor in place and scale for collecting
the environmental indicators required for environmental
assessments are now available, affordable, and explainable.
With tools like remote sensing, we can map, measure, and
monitor the phenomena that comprehensively form geogra-
phic complexity, and we can track, over time, how conditions
on the Earth’s surface are changing. Through the use of geo-
graphic information systems (GIS) and global positioning sys-
tems (GPS), we can establish geographic location and define
context. A GIS enables use of spatial statistics, spatial data
integration, and spatial models to analyze the effects of place
and scale, and to translate those ef fects in terms associated
with the decision-making process for a range of environmen-
tal, social, and economic challenges.

Spatial Analysis and the Assessment Continuum

Environmental assessments must (1) be appropriate for
replicable and applicable implementation in a variety of
environs, (2) follow scientifically valid methods that can be
harmonized with other assessments, and (3) provide mean-
ingful and relevant products that can be used by non-special-
ists to usefully serve the sustainable development decision-
making process.

The assessment process follows a continuum that involves
determining the baseline rates or levels of various pheno-
mena or indicators, establishing the trends in these measure-
ments or conditions, identifying the causes of the indicator
rates and trends, and finally, determining what the conse-
quences are of the rates and trends. An additional element,
mitigation, is increasingly important and represents the fol-
low-on actions required such as the establishment of new
policies and directives and implementing remedial manage-
ment activities.

The assessment sequence can be affected by the analyti-
cal functions associated with the spatial analysis tools
employed. There are four key functions that form the process
needed to assess the rates (and initial conditions), trends,
causes, consequences, and assess mitigation:

* Mapping and measuring involve the collection of thema-
tic and quantitative baseline data in a geographic format.
The baseline data can be either contemporary or historical
and are typically gathered either in situ using a GPS or
interpreted using remotely sensed data.

* Modelling involves the process of using precise and typi-
cally mathematical descriptions of the system inputs, out-
puts, and processes under study to simulate the present,
past or future aspects of the described model based on
established scenarios. With GIS, modelling can be done in
a spatial context.

* Monitoring involves the regular assessment of the condi-
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tions and recording the shifts or changes in conditions of
the Earth surface and human activities. Using continuous
remote sensing inputs, the thresholds for changes canbe
deployed to identify risk or vulnerability.

The geospatial technologies that support mapping and
measuring, modelling, and monitoring must be durable and
available to abroad audience. Remote sensing and GPS serve
data collection functions associated with mapping, measu-
ring, and monitoring, while GIS offers exceptional versatility
asit provides a full set of capabilities for collecting, organizing,
comparing, and communicating geographic information. In
addition, GIS greatly enhances communication and decision
support. Finally, the visualization aspects of geospatial tech-
nologies facilitate the decision-making process while
enabling community interaction for wide audiences and dis-
cussion.

Mapping and Measuring via Remote Sensing and GPS

There is a gradual trend toward the collection of geogra-
phically-based indicator data for environmental assessment.
However, the associated mapping and measuring tasks
require a substantial level-of-effort (including high-level staff
training and facilities), leaving the development of spatial
indicators to organizations with the charter and infrastruc-
ture necessary to complete the work. Commonly, national
mapping agencies produce the bulk of these data.

Virtually all modern map products derive considerable
information from remotely sensed data. Remote sensing pro-
vides a means to document “what is where” at a particular
point in time. From an environmental assessment perspec-
tive, this is essential for establishing the rates of various dyna-
mic resource parameters.

Remotely sensed data can be acquired both from Earth
orbiting satellites and from low flying aerial aircraft. This
results in data spanning a wide range of spatial scales and
resolutions from one-meter to 1000 m2 A common mistake
when considering image requirements is that higher resolu-
tion data is always better. While very detailed landscape cha-
racteristics may be mapped or measured with sub-metre
images, there is a very high cost associated with using such
data. For example, a 60 km by 60 km SPOT scene with 20 m
and 10 m resolution channels has a cost of $1500. In compa-
rison, equivalent geographic coverage using 1 m IKONOS is
$64,800. Table 1. shows the increased costs of higher resolu-
tion data.

In addition to data acquisition costs, there are also costs
associated with conversion of images to orthorectified (dis-
tortion-free and geo-referenced to a coordinate system such
as latitude and longitude), interpretation of information
using either manual or statistical means, and verification of
results. Most products interpreted from remotely sensed data
use field observations for classification and validation cali-
bration purposes.

Satellite Resolution of Example Geographic Coverage Cost Per Scene Cost Per Kilometer?
MODIS 1000 m? 1200 km by 1200 km No Cost $0.0

SPOT VEGETATION 1000 m? 1,000,000 km? $144 $0.00014

Landsat TM, ETM+ 30 m? 185 km by 185 km $600 $0.02

SPOT Multispectral, Pan 20 m2, 10 m? 60 km by 60 km $1500 $0.42

IKONOS 1 m? 1 km by 1 km and larger $18/km? $18.00

Table 1. Geographic extent and current prices (US Dollars) for common sources of current remotely sensed data. Prices are for current
data. Older data are often available at a reduced cost. Currently, NASA’s policy is to provide the research community free access to
MODIS data sets (Loveland and Foresman 2002).
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In general, the approximate cost of producing either the-
matic or quantitative information breaks down in the follow-
ing way:

* Cost of remotely sensed data - 10%

¢ Cost of orthorectifying and georeferencing data - 10%
¢ (Cost of interpretation and analysis - 40%

* Cost of validation and documentation - 40%

The cost of verifying the accuracy of maps is often alarm-
ing. However, science quality data (i.e., maps with known and
traceable lineage and where the errors inherent in the overall
production of the maps have been documented) are essential
if large-area environmental assessments are to provide the
ability to separate subtle changes from background noise
(Estes and Mooneyhan 1994). Accuracy of environmental
assessments will have an inherent impact on a litany of
conventions and treaties as harmonized and standardized
assessments become accepted by all nations including the
Kyoto Protocol, aswell as the international conventions on bio-
diversity (CBD), wetlands (Ramsar), and desertification (CCD).

The cost borne by these processes can be lowered
through the adoption of international data standards. FAO
and UNEP recently launched the first operational standards
for a Global Land Cover Network ((FAO/UNEP 2002) using
the UN Land Cover Classification System (FAO 2000), in
cooperation with experts from over 20 nations and multiple
research and government institutions. This represents a
major milestone in the standardization and harmonization
of land cover mapping activities throughout the globe, and
is a fundamental improvement in the environmental assess-
ment process.

GIS and Spatial Data Analysis and Modelling

GIS technology has revolutionized most aspects of spatial
data collection and analysis, and has provided break-
throughs that foster examination of environment issues in a
geographic context (Foresman 1998). As GIS are capable of
assembling, storing, manipulating, and displaying geographi-
callyreferencedinformation (i.e. data identified according to
their locations), which provides a means to investigate prob-
lems in a place-based context, they enable complex, integra-
ted assessments from local to global scales.

Three functional capabilities of geographic information
systems are particularly relevant to the environmental assess-
ment process: (1) integration of geospatial technology, (2)
linking or integrating information that is difficult to associate
through other means, and (3) manipulating and analyzing
two- and three-dimensional characteristics of the Earth’s sur-
face, subsurface, and atmosphere using mathematical and
statistical formulae that model relationships between differ-
ent environmental variables. Virtually any environmental
model, whether dealing with groundwater withdrawal, soil
loss, ecosystem productivity, carbon sources/sinks, air quality
characteristics and dispersion, or land use change forecasts,
etc. can be implemented in a GIS.

Spatial Data

The real limitation of the environmental assessment pro-
cess results from the availability of quality indicator data. The
UNEP Global Environment Outlook (GEO-3) report has
demonstrated to a global audience the limitations of data
availability in global and regional assessments (UNEP 2002).
Depending upon scale, thematic content, and timeliness, this
is equally true for both the developed and developing world
(Estes and Mooneyhan 1994). While there are now global
maps of many land variables, the availability of land data sets
at national and regional levels is uneven (Loveland et al.
2000). Any attempt to localize environmental assessments
will be limited by the coarsest available indicator data.

Crucial needs for environmental data will only be met if
data centers and spatial data clearinghouses such as the
UNEP-GRID network and the ICSU World Data Centres focus
on making the best available spatial data sets accessible to
the environmental assessment community. Progress is being
made within the international community towards the har-
monization of global environmental assessments (GEAs) with
the explicit goal of using these networks and clearinghouse
nodes. Such GEAs include the Global International Waters
Assessment, Global Environment Outlook, Forest Resources
Assessment, World Waters Assessment Programme, Dryland
Degradation Assessment, and the Millennium Ecosystem
Assessment.
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Geospatial Issues and Challenges

While geospatial technologies and strategies are rapidly being
incorporated into environmental programs throughout the
world,there are still many problems to be considered, for example:
* Geographic data standards are essential elements of envi-

ronmental assessments. Committees such as the Global

Spatial Data Infrastructure (GSDI) are making consequen-

tial progress in issues such as compatibility of data and

information, interoperability, harmonization and protocols.

* Data quadlity, including accuracy and precision, must be
understood and translated into contexts relevant to the
decision-making process.

* Equitable access to data, technology, and other required
resources is critical if regional to global understanding of
environmental conditions is to be forthcoming.

Given these issues, it is still clear that geospatial tools will
help improve the specificity, relevance, and quality of envi-
ronmental assessments. We are on the verge of significant
strides in localizing and integrating environmental assess-
ments across the range of scales that are relevant to the rates,
trends, causes, consequences, and mitigation assessment
process. However, the primary challenges are not technologi
cal, but include data limitations and inadequate institutional
infrastructure (Loveland and Foresman 2002).
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Conclusions

A strong partnership between society and the science and
technology community is the foundation for the develop-
ment of sound policy options and opportunities for equitable
sustainable development. We are looking for a new interface
to meet the challenges at this threshold of the 21t century.

Assessments have been used as one of the primary tools for
making science accessible and useful to society. Over the
past two decades there have been many scientific assess-
ments on a range of topics including stratospheric ozone, cli-
mate change and biodiversity. The assessment process
continues with activities such as the Millennium Ecosystem
Assessment, a combined diagnostic and prognostic assess-
ment of human impacts on ecosystem services. Ecosystem
services include provisioning services, such as the supply of
food and fiber, and supporting services, i.a, the purification
of air and water, and the stabilization of landscap es against
wind and water erosion.

There has been no comprehensive evaluation of the
major scientific assessments of the past two decades that
has addressed the following important questions. What
topics have been covered? Are there important topic gaps?
What are the successes and failures? What aspects of
design and process make for successful assessments? Can
we combine the successful aspects of design and process
into a new assessment framework? If yes, does the new frame-
work yield an assessment that makes science highly policy
relevant?

It is important to construct a new framework for assess-
ments that builds on lessons learned from evaluations of
extant and ongoing assessments and related work. It is also
important to focus on testing the new framework, i.a., by
* cataloguing the major environmental assessments of the

past two decades and identifying critical topics in need of

scientific assessment;

* studying the design and process aspects of these major
assessments;

* exploring a range of issues, including scale (global, region-
al, local), language, legitimacy, and stakeholder involve-
ment; and

* constructing a new assessment framework to yield scienti-
fic information that is maximally policy relevant.

Over the past decade, science has primarily flourished
using the narrowing-in approach, breaking down fields to
smaller and smaller entities. The pendulum is now swinging
in the direction of holistic synthesis, and greater understand-
ing of bio-complexity, not as an alternative but as a comple-
ment to the prevailing model.

We believe that this is a more appropriate approach, and
one which can cope with the integration of humans, cultures,
ecologies and health. Its very complexity is its strength.
Should we persist in fragmented thinking, managing
resources without cognizance of the ecosystem properties
and functions in which they are embedded, we will continue
to lose ground, that is we will continue to face a more impov-
erished world-both biologically and culturally.

All future considerations of the science and policy inter-
face should integrate social and hedlth sciences with the
natural sciences. Until recently, contributions from these sec-
tors have been underplayed but great strides have been
made in understanding linkages, for example, between
human health and ecosystem condition. Once we can clearly
demonstrate how all the variables (personal health, econo-
mic opportunity, preservation of cultural traditions, social
support mechanisms) that people use as yardsticks that mat-
ter to humans are interrelated within an ecosystem health
context, we may finally begin to foresee more science-based
policy that can effectively lead to long-term sustainability of
our environment.



MAKING SCIENCE FOR SUSTAINABLE DEVELOPMENT MORE POLICY RELEVANT

25

References

Barnett, ). 2001. The Meaning of Environmental
Security: Ecological Politics and Policy in the
New Era. Zed B Books Ltd. London and New
York.

Bailey, R.G. 1987. Suggested Hierarchy of Crite-
ria for Multiscale Ecosystem Mapping. Land-
scape and Urban Planning 14: 313-319.

Balling]Jr, RC.2000. The Geographer’s Niche in
the Greenhouse Millennium. Annals of the
Association of American Geographers 90(1):
114-122.

Belfer Center for Science and International
Affairs. 2000. Assessing Vulnerability to Global
Environmental Risks. Research and Assess-
ment Systems for Sustainability Program Dis-
cussion Paper 2000-12. Harvard University.
Cambridge.

Burch, William R. and Deluca, Donald R. 1984.
Measuring the Social Impact of Natural
Resource Policies. University of New Mexico
Press. Albuquerque.

CEC.1996. Building a framework for assessing
NAFTA Environmental Effects. Report of a
workshop held in La Jolla, California. April.
Commission for Environmental Cooperation.
Montreal.

ChambersN.,Simmons, C.and Wackernagel, M.
2000. Sharing Nature’s Interest: Ecological
Footprints as An Indicator of Sustainability.
The Earthscan Publication Ltd. London.

Estes, ] E. and Mooneyhan, DW. 1994. Of Maps
and Myths. Photogrammetric Engineering
and Remote Sensing 60(5): 517-524.

Esty, D. C. and Porter, M. E. 2000. Measuring
national environmental performance and its
determinants. In the Global Competitiveness
Report 2000. Harvard University and World
Economic Forum. Oxford University Press.
New York.

European Environment Agency. 2001. Environ-
mental Signals 2001. Report. EEA. Copenha-
gen.

FAO/UNEP. 2002. Report on the Proceedings of
the FAO/UNEP Expert Consultation on Strate-
gies for Global Land Cover Mapping and
Monitoring. 6-8 May 2002. Artimino, Florence.

FAO. 2000. Global Land Cover Classification
System, FAO of the United Nations. Rome.

Foresman, T. W. 1998. GIS Early Years and the
Threads of Evolution. In The History of Geo-
graphic Information Systems: Perspectives
from the Pioneers, edited by TW. Foresman.
Prentice Hall. pp 3-18.

Hammond, A, Adriaanse, A, Rodenburg, E.,
Bryant, D. and Woodward, R. 1995. Environ-
mental Indicators: A Systematic Approach to
Measuring and Reporting on Environmental
Policy Performance in the Context of Sustai-
nable Development. World Resources Insti-
tute. Washington, D.C.

Hardi, P. and Zdan, T. editors. 1997. Assessing
Sustainable Development: Principles in Prac-
tice. International Institute for Sustainable
Development, Winnipeg.

Harrison, P. and Pearce, F. 2000. AAAS Atlas of
Population & Environment. American Associa-
tion for the Advancement of Science. Univer-
sity of California Press. Berkeley.

11ISD. 2000. Visual Models. International Institute
for Sustainable Development. Winnipeg. 18
October. http://iisd.ca/cgsdi/dashboard.htm.

Livestock and Environment Toolbox. 200 1. Pres-
sure-State-Response Framework and Environ-
mental Indicators. 4 December.
http://www.virtualcentre.org/en/dec/tool-
box/Refer/Envindi.htm

Loveland, T.R. and Foresman, Timothy W. 2002.
Geospatial-Based Analysis and New Tools for
Assessment. Discussion paper UNEP-SCOPE
workshop on “Making science more policy
relevant”. 13-14 June 2002. Prague.
http://www.czp.cuni.cz/en/defaulthtm

Loveland, TR, Estes, J.E., Foresman, TW., Scepan,
J., Kline, KD. and Hemphill, J. 2000. Large-Area
Land Cover Characterization. In Global Envi-
ronmental Databases: Present Situation;
Future Direction. R. Tateishi and D. Hastings,
eds. Hong Kong. Geocarto International. pp
105-125.

Luzadis, VE. and Goslee, KM, Greenfield, EJ.,
Schaeffer, TD. 2002. Toward a more integra-
ted ecosystem model. Society and Natural
Resources. 15:89-94.

Machlis, GE, Force, J.E.and Burch, W. 1997.The
human ecosystem, Part 1: The human ecosys-
tem as an organizing concept in ecosystem
management. Society and Natural Resources.
10:347-367.

Machlis, GE, Burch, W.R.Jr,, and Force, ].E.2002.
The Structure of Human Ecosystems. In prepa-
ration.

Moldan, B and Billharz, S., eds. 1997. SCOPE
58-Sustainability Indicators: A Report on the
Project on Indicators of Sustainable Develop-
ment. John Wiley & Sons, Ltd. Chichester.

OECD. 1998. Towards sustainable develop-
ment. Environmental indicators. Organisation
for Economic Co-operation and Develop-
ment. Paris.

OECD. 2001. Using the Pressure-State-Res-
ponse Model to Develop Indicators of Sustai-
nability: OECD Framework for Environmental
Indicators. 17 December.
http://euroconfqlarcs.acat/Event1/Keynotes_
panel/Keynote5-Fletcher PDF

OECD. 2001. 10 Indicators for the Environment.
Report. Organisation for Economic Co-opera-
tion and Development. Paris.

OECD.2002. Indicators to Measure Decoupling
of Environmental Pressures from Economic
Growth. SG/SD (2002) 1. Organisation for
Economic Co-operation and Development.
Paris.



26

MAKING SCIENCE FOR SUSTAINABLE DEVELOPMENT MORE POLICY RELEVANT

Pickett, STA., Burch, W,, Dalton, S., Foresman,
TW., Grove, .M. and Rowntree, R. 1997. A
conceptual framework for the study of human
ecosystems in urban areas. Urban Ecosystems.
1,185-199.

Pielke, Roger A.]Jr.2002. Policy, politics and pers-
pective. Nature. Vol. 416. 28 March 2002.

Prescott-Allen, R. 2001. The Well-being of
Nations: A Country-by-Country Index of Qua-
lity of Life and the Environment. Island Press.
Washington, D.C.

Rapport, DJ and Singh, A. 2002. Framework for
the State of Environment Reporting. Discus-
sion paper UNEP-SCOPE workshop on
“Making science more policy relevant”. 13-14
June 2002. Prague.
http://www.czp.cuni.cz/en/defaulthtm

Rapport, DJ. and Friend, A. M. 1979. Towards a
Comprehensive Framework for Environmen-
tal Statistics: A Stress-Response Approach. Sta-
tistics Canada 11-510, Ottawa.

Rapport, D.J. and Whitford, W. 1999. How eco-
systems respond to stress: common properties
of arid and aquatic systems. BioScience 49(3):
193-203.

Rump, PC. 1996. State of the Environment
Reporting: Source Book of Methods and
Approaches. UNEP/DEIA/TR96-1.

Rutherford, lan. 1996. Building a Framework for
Assessing  NAFTA Environmental Effects.
Report of a workshop held in La Jolla, Califor-
nia. April. Commission for Environmental
Cooperation. Montreal.

Singh, A. and Moldan, B. 2002. Environmental
Indicators and Indices. Discussion paper

UNEP-SCOPE workshop on “Making science
more policy relevant”. 13-14 June 2002.
Prague.
http://www.czp.cuni.cz/en/defaulthtm

Thomas, V., M. Dailami, A. Dhareshwar, D. Kauf-
mann, N. Kishor, R. Lépez, and Y. Wang. 2000.
The quadlity of growth. The International Bank
for Reconstruction and Development/The
World Bank. Oxford University Press, Inc.
Washington, D.C.

United Nations. 1993. Conference on Environ-
ment and Development. United Nations. New
York.

UNEP. 2002. Global Environment Outlook 3.
United Nations Environment Programme.
Earthscan Publications Ltd. London.

Vasishth, A. and Sloane, D. C. 2002. Returning to
ecology-an ecosystem approach to unders-
tanding the city. In Michael ). Dear, ed. From
Chicagoto LA-Making Sense of Urban Theory.
Sage Publications. London.

Wackernagel, M. and Rees, W. 1996. Our Ecolo-
gical Footprint: Reducing Human Impact on
the Earth. New Society Publishers, Gabriola
Island. British Columbia.

WCED. 1987. Our Common Future. World
Commission on Environment and Develop-
ment. Oxford University Press. Oxford.

World Economic Forum. 2001 & 2002. Environ-
mental Sustainability Index. In collaboration
with Yale Center for Environmental Law and
Policy, and CIESIN. Yale Center for Environmen-
tal Law and Policy, New Haven, Connecticut.

WWEF. 2000. Living Planet Report. World Wild-
life Fund For Nature. Switzerland.



MAKING SCIENCE FOR SUSTAINABLE DEVELOPMENT MORE POLICY RELEVANT

27

Annexes

Acronyms

CBD Convention on Biological Diversity

CCD Convention to Combat Desertifi-
cation

CEC Commission for Environmental
Cooperation

DPSIR  Driving Force-Pressure-State-
Impact-Response

DSR Driving Force-State-Response

EEA European Environment Agency

ESI Environment Sustainability Index

EWI Ecosystem Well-being Index

FAO Food and Agriculture Organization

GDP Gross Domestic Product

GEA Global Environmental Assessment

GEO Global Environment Outlook

GIS Geographic Information System

GPS Global Positioning System

GRID Global Resource Information
Database

GSDI Global Spatial Data Infrastructure

HDI Human Development Index

HEM Human Ecosystem Model

1CSU International Council for Science

IKONOS High resolution satellite sensor by
Space Imaging Corp.

MA Millennium Ecosystem Assessment

MODIS Moderate Resolution Imaging
Spectroradiometer

NASA National Aeronautics and Space
Administration

OECD  Organisation for Economic Co-
operation and Development

PSIR Pressure-State-Impact-Response

SCOPE  Scientific Committee on Problems

of the Environment

SPOT Systeme Pour I'Observation de la
Terre

™ Thematic Mapper

UNCED United Nations Conference on
Environment and Development

UNCSD United Nations Commission on
Sustainable Development

UNEP United Nations Environment Pro-
gramme

WCED  World Commission on Environ-
ment and Development

WSSD World Summit on Sustainable

Development
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