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The ICSU Se r i es on Sc i e n ce for Sus tai n a ble Dev elopment is produ ced by th e

I n te r n ational Co uncil for Sc i e n ce in co n n ec tion with pre parations for the 2002

World Summit on Sus tai n a ble Dev elopment (WSSD). The aim of WSSD is to

bring tog e ther gov e r n m e n t s, Un i ted Nations agencies and other key sta keh ol-

d e rs, including re p res e n tativ es of civil soc i e ty and the Sc i e n ti fic and Tec h n ol og i-

cal Co m m un i ty, to build upon the 1992 Un i ted Nations Co n fe re n ce on Envi ro n-

ment and Dev elopment (UN CED) and to enhan ce efforts tow ard the future of

s us tai n a ble dev elopment. The Se r i es includes a set of inte r - d i s c i pl i n ary re po r t s

focusing on major issues th at are rel ev ant to science for sus tai n a ble dev el o p-

ment. The Se r i es is meant to serve as a link be tw een the scienti fic co m m un i ty an d

d ec i s i o n - m a ke rs, but the re ports should also be us eful to all oth e rs inte res ted in

the co n tr i b ution of science to sus tai n a ble dev elopment. The Se r i es highlights th e

fun d am e n tal role science has pl ay ed and will pl ay in finding sol utions to the chal-

l e n g es of sus tai n a ble dev elopment. It exam i n es expe r i e n ces since UN CED an d

l ooks tow ards the future. It provi d es up-to - d ate know l edge, exam i n es les s o n s

l ear n ed, succes s es achiev ed, and diffi cu l ti es enco un te red; while also outl i n i n g

future res earch agendas and actions to enhan ce problem sol ving and good pra c-

ti ces in sus tai n a ble dev elopment. The Se r i es was made po s s i ble due to a gene-

ro us grant provi d ed by the David and Lucile Pa c kard Fo un d ati o n .

ICSU 

The Inte r n ational Co uncil for Sc i e n ce (ICSU) is a non- gov e r n m e n tal org an i-

s ation re p res e n ting the inte r n ational science co m m un i ty. The membe rsh i p

i n c l u d es bo th national science aca d e m i es (98 membe rs) and inte r n ati o n a l

s c i e n ti fic unions (26 membe rs). The co m b i n ed expe r tise from th ese two gro u p s

of scienti fic org an i s ations provi d es a wide spec tr um of scienti fic expe r ti s e

e n a bling ICSU to address major inte r n ational, inte rd i s c i pl i n ary issues, bey o n d

the sco pe of the indivi dual org an i s ations. ICSU  builds upon this scienti fic expe r-

tise in a num ber of ways. It initi ates, des i gns and co - o rd i n ates major inte r n ati o-

nal, inte rd i s c i pl i n ary res earch program m es, par ti cu l arly in the areas of globa l

e nvi ro n m e n tal change. It also es ta bl i sh es pol i cy and advi s o ry co m m i ttees to

a d d ress impo r tant matte rs of common co n cern to scienti s t s, such as edu cati o n

and ca pa c i ty building in science, access to data, or science in dev eloping co un-

tr i es. ICSU acts as a focus for the exc h ange of ideas, co m m un i cation of scienti-

fic info r m ation and dev elopment of scienti fic stan d ards and netw o r ks. Beca us e

I C SU is in co n tact with hun d reds of th o us ands of scientists worldwide, it is ofte n

ca l l ed upon to re p resent the world scienti fic co m m un i ty. 
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Preface

At the heart of any efforts to un d e rs tand the cur re n t

unsustainable patterns of development and to foster sus-

tainable development lie scientific analysis and the appli-

cation of scienti fic knowledge. En h ancing science an d

te c h n ol ogy activ i ti es th at res pond to and an ti c i pate th e

needs of policy-makers and other stakeholders is essential

when addressing issues from the plight of wides p re a d

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 scienti fic tools of state - of - e nv i ronment re po r ti n g,

e nv i ro n m e n tal and sus tai n a ble development indicato rs

and indices, as well as geospatial data-based analysis and

l arg e - s cale as s essments are cur re n tly un d e rgoing a pro-

cess of rapid change. In fact, a whole new generation of

th ese scienti fic tools th at re n d e rs scienti fic info r m ati o n

truly policy relevant is emerging.

I C SU ’s Sc i e n ti fic Co m m i ttee on the Problems on th e

Env i ronment (SCOPE), in col l a bo ration with the Un i te d

Nations Env i ronment Programme (UNEP), re ce n tly co n-

vened a wo r kshop to rev i ew the po te n tial of th ese new -

generation scientific tools for analysis. This Report is based

on the scienti fic ba c kgro und pa pe rs pre pared for th i s

workshop. ICSU is grateful to SCOPE and UNEP for having

taken this initiative.

Making science for sus tai n a ble development more

pol i cy re l evant has be come a major issue, bo th for th e

s c i e n ce and te c h n ol ogy co m m un i ty and for pol i cy - m a ke rs,

during the pre parations for the World Summit on Sus tai-

n a ble Development (WSSD). I tr ust th at the ideas pres e n te d

in this Re port on the new tools for scienti fic an a l ysis will

s tre n g then the fur ther impl e m e n tation of Agenda 21,

aimed at achieving the ob j e c tives of sus tai n a ble deve l o p-

ment. Sc i e n tists and pol i cy - m a ke rs must map out and trave l

this road hand in han d, tog e ther with other sta ke h ol d e rs .

Professor TH OMA S RO S SWA LL

Exe cutive Dire c to r

I C SU
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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 21st 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.

T h us, one of the co m m i tments made by the scienti fic co m-

m un i ty for the World Summit on Sus tai n a ble Development is

to make science more pol i cy re l evant. This will re q ui re science

to deliver us a ble knowledge, i.e., science th at is ti m e l y, re l evan t,

and pl a ce - bas e d, to pol i cy - m a ke rs, decision-make rs, sta ke-

h ol d e rs and citi zens. Re l evan cy can be improved by pl a c i n g

m o re emph asis on social as pects of sus tai n a b i l i ty, by addres-

sing the un ce r tai n ty of the scienti fic proces s, th rough the us e

of common lan g u a g es th at are un d e rs tan d a ble to sta ke h ol-

d e rs, and by localizing env i ro n m e n tal as s essments so th at th ey

are re l evant to the spe c i fic geogra ph i es of sta ke h ol d e rs. 

A new generation of tools for scienti fic an a l ysis is emer-

ging. These tools will address the policy relevance of science

for sus tai n a ble development. A list of such improved tool s

includes: 

• co n ce p tual fram ewo r ks, which provide powe r ful insight

and organizing qualities for sustainability analyses;

• indicators and indices of development status and environ-

mental change;

• s pe c i fic forms of an a l ys i s — cost burden, cost be n e fi t, risk an a-

l ys i s, and so fo r th — relying on indicato rs th at are best selecte d

th rough the use of sound co n ce p tual fram ewo r ks; an d

• assessments that are carefully constructed and produced

to provide policy input.

To date th e re has been no co m p re h e n s ive eva l u ation of

the major scientific assessments of the past two decades that

a d d res s es the fol l owing ques tions. Wh at to p i cs have be e n

covered? Are there important topic gaps? What are the suc-

ces s es and fai l ures?  Wh at as pects of des i gn and proces s

make for successful assessments? Can we combine the suc-

cessful aspects of design and process into a new assessment

fram ework th at makes science highly pol i cy re l evan t? This

re port pro po s es th at the re l evant inte r n ational scienti fi c

organizations, in co-operation with intergovernmental orga-

nizations jointly undertake such a comprehensive evaluation. 

Us e a ble knowledge will be attained only when we move to

s tu d i es th at are framed by geogra phic co n te x t – i .e., how an d

why does pl a ce make a diffe re n ce and how can spatial co n te x t

be optimised for inte grated as s es s m e n t s, including social, eco-

nomic, and env i ro n m e n tal as pe c t s? The co n s e q u e n ces of our

a c tions and impact on sus tai n a b i l i ty are clearly infl u e n ced by

pl a ce and scale. Wi th tools like re m o te sensing, we can map,

m e as ure, and monitor the phenomena th at co m p re h e n s ive l y

form geogra phic co m pl e x i ty, and we can tra c k, over time, how

co n d i tions on the Ear th ’s sur fa ce are changing. Through th e

use of geogra phic info r m ation sys tems (GIS) and global po s i-

tioning sys tems (GPS), we can es ta bl i sh geogra phic locati o n ,

d e fine co n te x t, and apply spatial models to tran sl ate probl e m s

i n to terms as s oc i ated with the decision-making process for th e

range of env i ro n m e n tal, social, and economic challenges.  

However, these tools are not valuable unless we overcome

the real limitations associa ted with the lack of quality data.

The availability of data sets at national and regional levels is

un even and any attempt to loca l i ze env i ro n m e n tal as s es s-

ments will be limited by the coarsest available indicator data.

Crucial needs for environmental data will only be met if data

ce n tres and spatial data clear i n g h o us es such as the UN E P -

GRID network and the ICSU World Data Ce n tres 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



of a robust state of environment reporting program.  State of

the environment reports should be balanced, comprehensive,

ca usal, ob j e c tive, pol i cy - o r i e n ted and provide ince n tive fo r

a c tion. In order to ‘bre ath life’ into the existing stati s ti cal fram e-

works, a conscientious effort needs to be made to give equal

weight to the biophys i cal, geogra phic, soc i o - e conomic an d

human health dimensions. 

All future co n s i d e rations of the science and pol i cy inte r fa ce

should inte grate social and health sciences with the natura l

s c i e n ces. Un til re ce n tl y, co n tr i b utions from th ese secto rs have

been un d e r pl aye d, but gre at str i d es have been made in un d e r-

s tanding linka g es, for exam ple, be tween hum an health and eco-

sys tem co n d i tion. Once we can clearly demonstrate how all th e

var i a bl es (pe rsonal health, economic oppo r tun i ty, pres e rvati o n

of cu l tural tra d i ti o n s, social support mechanisms) th at pe o pl e

use as yard s ti c ks th at matter to hum ans are inte r re l ated with i n

an eco sys tem health co n te x t, we may finally begin to fo res e e

m o re science - based pol i cy th at can effe c tively lead to the long-

term sus tai n a b i l i ty of our env i ronment and our soc i e ti es. 
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Background

A wh ole series of initi atives can be chara c te r i zed by a co m-

mon ca use:  making science more pol i cy re l evant. This is an

i m po r tant un i fying theme for the World Summit on Sus tai n a bl e

D evelopment (WSSD). He re, the science and te c h n ol ogy co m-

m un i ty will demonstrate its re a d i n ess and ability to “chan g e

co urse” developing a new role and co m m i tment of science an d

s c i e n tists in the co n te m po rary wo r l d, not new science but

s c i e n ce in serv i ce to soc i e ty, inclus ive rather th an exc l us ive, seek-

ing par tn e rsh i p s, and involving other sta ke h ol d e rs .

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 Pre parato ry Co m m i ttee for th e

WS S D, Bali, June 12, 2002): “Improve pol i cy and decision

making at all levels th rough, i n ter alia, improved col l a bo ra-

tion be tween natural and social scienti s t s, and be twe e n

scientists and policy makers:

• Increase the use of scientific knowledge and technology,

and incre ase the be n e ficial use of local and indigenous

k n owledge in a manner res pe c tful of the hol d e rs of th at

knowledge and consistent with national law;

• Make greater use of integrated scientific assessments, risk

as s essments and inte rd i s c i pl i n ary and inte rs e c to ra l

approaches;

• Co n tinue to support and col l a bo rate with inte r n ati o n a l

scientific assessments supporting decision making, inclu-

ding the Inte rg ove r n m e n tal Panel on Cl i m ate Ch an g e ,

w i th the broad par ti c i pation of developing co un try

experts;

• Assist developing countries in developing and implemen-

ting science and technology policies;

• Es ta bl i sh par tn e rships be tween scienti fic, public and pri-

vate insti tutions and by inte grating scienti s t s’ adv i ce into

decision making bod i es in order to ensure a gre ater rol e

for science, te c h n ol ogy development and engineering

s e c to rs . ”

Fur th e r m o re, para gra ph 95 calls to: “es ta bl i sh re g u l ar

channels between policy makers and the scientific commu-

n i ty for re q u es ting and re ce iving science and te c h n ol ogy

advice for the implementation of Agenda 21, and create and

s tre n g then netwo r ks for science and edu cation for sus tai n-

able development, at all levels, with the aim of sharing know-

ledge, experiences and best practices, and building scientific

capacities, particularly in developing countries.”

Sc i e n ce in serv i ce to soc i e ty means th at science must ai m

for sol utions to real world co n te m po rary problems. Such

s c i e n ce should move beyond the tra d i tional ‘th re e - p i l l ar ’

as s essment fram ework (i.e. economic, social and env i ro n-

ment), and should seek for true inte gration among the th re e

elements. The social pillar of sus tai n a b i l i ty seems to be an

es pecially crucial one, and at the same time the least deve-

l o ped. The science and te c h n ol ogy co m m un i ty would like to

co n tr i b ute to the Millennium Declaration goa l s, a pro m i-

nent one being the era d i cation of pove r ty. But wh at is

pove r ty? Is the commonly used defi n i tion of per ca p i ta

i n come be l ow one USD/per day adequate? The an swer is

p roba bly yes in most co un tr i es, es pecially in the deve l o pe d

world. But wh at abo ut indigenous subsiste n ce far m e rs in

re m o te are as? They ce r tainly are vu l n e ra ble to the many

th re ats of the globa l i zed world. But is the focus on mere l y

i n c re asing income suffi c i e n t? Such ques ti o n s, among num-

e ro us oth e rs, are more and more re l evant. Indeed, we are not

even able to fo r m u l ate all the re l evant ques tions. A num be r

of issues re l ated to making science more pol i cy re l evan t

i n c l u d e :

• Le g i ti m a cy: to be pol i cy re l evan t, science must be fu l l y

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

an international level the involvement of governments.

• The “level of precision” could be co m pl e m e n ted by th e

need to address un ce r tai n ty in an appro p r i ate man n e r,

preferably in a quantitative way.

• The language in which science - based knowledge is

conveyed must be accessible for all stakeholders.
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• Localizing as s essments:  we must move toward local to

regional scienti fic as s essments be ca use geogra phic an d

cultural settings matter.

The Need

Si n ce the UN Co n fe re n ce on Env i ronment and Deve l o p-

ment (UN CED), Rio, 1992, much has been learned abo ut

wh at is needed if scienti fic un d e rs tanding of the str u c ture

and function of global and local ecosystems is to contribute

significantly to the on-going policy discourse on global envi-

ro n m e n tal issues. The th ree succes s ive as s essments of th e

I n te rg ove r n m e n tal Panel on Cl i m ate Ch ange have move d

from a central focus on biophysical issues to a more integra-

tive treatment of environmental and societal questions. This

p rogression in un d e rs tanding has taught us wh at is needed

for more soph i s ti cated and sensitive as s essments.  At th e

s ame time, emerging stu d i es aro und issues of vu l n e ra b i l i ty,

sustainability, science, social and ecological resilience, sustai-

nable livelihoods and more policy relevant research all point

to the need for a new generation of assessments to inform the

policy dialogue. 

Assessments to guide, support, monitor and evaluate poli-

c i es th at seek actions suppo r ting sus tai n a ble deve l o p m e n t,

management of human needs in response 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

e col og i cal sys tems.  This means th at in-depth an a l ys es into

bo th biophys i cal and hum an as pects of ecol og i cal sys te m s

and their interactions will be needed. This new generation of

as s essments must also re cogn i ze th at knowledge is pl ura l

and that high-quality science is necessary but not exclusive to

fully un d e rs tand patterns and proces s es at the local leve l .

Those living with the problem have much to contribute to the

assessment process.

The next generation of as s essments should be col l a bo ra-

tive and par ti c i pato ry in as s essing ca us es, and identi fy i n g

re m e d i es and insti tutional str u c tures for impl e m e n tati o n .

I n te r n ational org an i zations can pl ay a criti cal role in fo s te r i n g

and suppo r ting the development of th ese new as s es s m e n t s,

p ro m o ting the par ti c i pato ry ca pa c i ty of regions and loca l i ti es

and enhancing their co n tr i b utions to the pol i cy proces s, deve-

loping a cu l ture of data sh aring. They can serve as gate ke e pe r

and fa c i l i tator in exc h an g es be tween knowledge produ ce rs

and inte r p re te rs, and knowledge us e rs and man a g e rs .

This new generation of assessments will need to proceed

from we l l - d eve l o ped co n ce p tual fram ewo r ks roo ted in

human ecosystem thinking.  They will need to consider that:

• I n s ti tutional par tn e rships fill an es s e n tial role in str u c tu-

ring relevant assessments;

• A n a l ys es co n du c ted at diffe rent sca l es reveal diffe re n t

as pects of env i ro n m e n tal probl e m s, their ca us es an d

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 for integration among such assess-

m e n t s, bo th horizo n tally and ve r ti ca l l y, will need to be

developed;

• The co nve n tional wisdom of the ‘th ree pillars’ approa c h

linking economic, social and environmental aspects, and

its relevance and potential towards the understanding of

environmental issues, will need to be revisited;

• The cu l ture of science will need to develop a ‘s e rv i ce ’

orientation toward the needs of policy-makers;

• The scienti fic process must include steps th at ensure th e

re l evan ce, legiti m a cy and cre d i b i l i ty of its findings an d

analyses;

• Sc i e n ti fic inte rest in mai n taining the biod ive rs i ty an d

h e a l th of eco sys tems is ba l an ced with similar inte rest in

serving human needs and the diversity of societies.

To be come more pol i cy re l evan t, science and scienti s t s

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

k n owledge is delive red at an appro p r i ate level of pre c i s i o n .

Fo ur th, us e a ble knowledge is cost effe c tive. Fi n a l l y, 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-

art science.  State-of-the-art science is based on sound theory,

creative application of the scientific method, rigorous analy-

sis and open review.  Useable knowledge can then be consi-

d e red 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 sus tai n a b i l i ty. The fi rst is co n ce p tual fram e-

works, which provide powerful insight and organizing quali-

ties. A second kind of useable knowledge is the wide array of

i n d i cato rs and meas ures avai l a ble for monitoring deve l o p-

ment and environmental change.  These indicators can and

should vary depending upon place and scale.  A third kind of

us e a ble knowledge results from spe c i fic forms of an a l ys i s :

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 pol i cy input. Issues such as inte gration, use of co m m o n

language, regional- and place-based focus, legitimacy, use of

bo th tra d i tional and scienti fic knowledge, and invol ve m e n t

of citizens must be creatively and effectively addressed.  

Num e ro us delive ry sys tems th at include env i ro n m e n ta l

re po r ti n g, pres e n tation of issues using maps and gra ph i cs,

use of public wo r ksh o p s, pres e n tation of modelled simula-

tions and sce n ario exe rc i s es, and co m m un i cation th ro u g h

the public and professional media, can provide es s e n ti a l

us a ble knowledge to pol i cy - m a ke rs, other decision-make rs,

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 pol i cy - m a ke rs th rough the direct invol vement of

scientists in 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 netwo r ks.  Sc i e n tists can act as broke rs of know-

ledge delivering crucial insights to decision-make rs. Fi n a l l y,

s c i e n ti s t s, like other citi ze n s, can elect to run for offi ce an d

be come decision-make rs th e m s e l ves. All th ese options pro-

vide the opportunity to synchronize the cultures of the scien-

tific and policy-making communities. 
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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 indicato rs and indices has been the lack of a

widely agreed upon co n ce p tual fram ework for as s es s m e n t

th at inte grates across the hum an and ecol og i cal sciences .

Howeve r, a num ber of inte grating co n ce p tual fram ewo r ks

are now beginning to appear.  Each of these frameworks is at

a diffe rent stage of development and re flects diffe re n t

emphases, issues, and scales of use. For example:

• The pro posed UNEP Hum an Env i ro n m e n tal Index pro-

vides a ranking of nation states based on their response to

land, air, and water issues.   

• Ostrom et al. examine institutions as regulators of human-

nature transactions.  

• Holling’s panarchy theory emphasizes process.  

• The Sus tai n a b i l i ty Sc i e n ce Initi ative outl i n es an enti re l y

new-edge science. 

• The Res i l i e n ce Al l i an ce and the Millennium Eco sys te m

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. 

• Co s tan za and his col l e a g u es have deve l o ped a detai l e d

framework for estimating the economic value of ecologi-

cal resources.  

T h ese fam i l i es of co n ce p tual approa c h es all emph as i ze

value and uti l i ty for pol i cy appl i cations. The time is oppo r-

tune for sy n e rgy among th ese fram ewo r ks th rough some

form of “model dialogue” aimed at co m paring the inte gra-

tive co n ce p tual fram ewo r ks th at are emerg i n g, as s es s i n g

their commonalities 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. 

Co n n e c ting the global co n s e q u e n ces of hum an acti o n

w i th the local levels of hum an inte rest 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 ce n tral challenge in an eco sys tem approach to pl an-

ning and its concern with managing open systems lies in this

seeking out and ques tioning tra d i tionally acce p ted defi n i-

tions in our co n ce p tions of org an i zation, bo un d ar i es an d

s ca l e – d e fi n i tions th at, in the absence of care ful atte n ti o n ,

inevitably permeate the descriptions we make of the natural

and social world we seek to control.  In such cases, the idea

th at we should ‘think globally and act locally’ be co m es les s

th an adequate, and we may need to settle for some less catc hy

but more pragmatic version–perhaps one that says this: Think

at the scales that matter, and act at levels that count.”

A fram ework th at inte grates a var i e ty of th ese emerg e n t

approaches so that they might help us to “think at the scales

th at matter and to act at levels th at co unt” could be, fo r

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 Study in

the Baltimore, Maryland, USA Urban Region.  A recent 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

m odel.  This fo un d ation allows exam i n ation of broad te m po ra l

and spatial sca l es, and the ability to re l ate biophys i cal and soc i a l

patterns and proces s es.  Its primary we a k n ess is in its lack of spe-

c i fi cation of process. Additional improvements could be made by

s pe c i fying the proces s es in terms of energy tran s fo r m ation an d

fl ow to more fully allow linka g es with sys tems ecol ogy mod e l s .

T h ese we a k n es s es provide oppo r tun i ty for produ c tive future

res e arch to aid in un d e rs tanding eco sys tems and sus tai n a b i l i ty.” 

T h ese we a k n es s es are cur re n tly being co r re c te d, and an

o pe rational manual is being deve l o ped with a full ar ray of
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i n d i cator meas ures and data from case stu d i es co n du c te d

over nearly three decades of exploration.

The Human Ecosystem Model

The hum an eco sys tem is defined as a coh e rent sy s tem of

b i o phy s i cal and social fa c to rs ca pa ble of adaptation and sus-

tai n a b i l i ty over ti m e . Hum an eco sys tems rest upon a fo un d a-

tion of abiotic and biotic biophys i cal fa c to rs ta ken as bas e

co n d i ti o n s, including (1) a sol ar - d r iven energy sys tem obey i n g

th e r m ody n amic pro pe r ti es, (2) biog e oc h e m i cal cyc l es, (3)

l an d forms and geol og i cal var i ation of gre at co m pl e x i ty, an d

(4) the full genetic str u c ture of life including biophys i cal pro-

pe r ti es of homo sapiens. The base co n d i tions limit, co n s trai n ,

i n fl u e n ce and occasionally direct many hum an eco sys te m

p roces s es, and affect all re a l i s tic efforts to un d e rs tand th e

s tr u c ture of hum an eco sys tems. Boun d ar i es can be spati a l l y

i d e n ti fied th rough ecol og i cal tran s i tion zo n es, administrative

an d /or pol i ti cal bo un d ar i es, or more fi n e - s caled an a l ysis of

sh arp pe r tur bations in sys tem fl ows. (See Fi g ure 1.)

The social sys tem is co m posed of th ree subsys tems. The fi rs t

s u b sys tem is a set of social insti tuti o n s, defined as col l e c tive sol u-

tions to un ive rsal challenges, wants and needs. The second sub-

sys tem is a series of social cyc l es, i.e. te m po ral patterns for alloca-

ting hum an activ i ty. The th i rd subsys tem is the social ord e r, wh i c h

is a set of cu l tural patterns for org anizing inte ra c tion am o n g

pe o ple and gro u p s, and pe o ple and nature. Ta ken tog e th e r, th es e

th ree subsys tems co n s ti tute the social sys tem. Combined with

the fl ow of res o urces, this cre ates the hum an eco sys te m .

Wi thin this str u c ture, key fl ows tran s fer indiv i duals (of

varying spe c i es), info r m ation (from genetic to cu l tura l ) ,

e n e rgy, materials (here including natural res o urces such as

wate r, and man-made goods as well), nutrients and money.

T h ese fl ows — w i thin hum an eco sys tems and be tween them as

we l l — vary by rate, inte n s i ty, duration, fre q u e n cy, and distr i b u-
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Figure 1. The Human Ecosystem

Framework (Machlis et al. 2002).  

Within any particular human

ecosystem, a set of critical

resources is required in order to

provide the system with necessary

supplies. The flow and use of these

critical resources are regulated by

the social system, the set of

general social structures

(including institutions, patterns

and processes) that guide much 

of human behavior. 



tion. Fl ows be tween str u c tural co m ponents of hum an eco sys-

tems indicate most biophys i cal and soc i o - cu l tural proces s es.  

A primary ob j e c tive is meeting hum an needs and wants at th e

l evels of indiv i du a l s, social gro u p s, and org an i zations. Effi ca cy in

a c h i eving advan ta g e o us adaptation is based on social powe r

( b roa dly defined to include social, cu l tural, pol i ti cal, eco n o m i c

and military forms). It is impo r tant to re cogn i ze th at hum an eco-

sys tems are hierarc h i cally nes ted at diffe rent sca l es, and linke d

through shared base conditions, structures, flows, adaptive

m e c h anisms and the agency of hum an 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 hum an development. (See Fi g ure 2.) The MA includes

bo th ecol og i cal and economic an a l ysis and co n s i d e rs bo th

the cur rent state of the eco sys tem and its future po te n ti a l .

Two fundamental features of an ecosystem assessment are:

• The as s essment is pl a ce - based; the focus is on a spe c i fi c

e co sys tem in a par ti cu l ar location, re cognizing th at th e

fa c to rs influencing th at sys tem may be either local (e.g . ,

farming) or remote (e.g., change in atmospheric CO
2

); 

• The as s essment is multi - s e c to ral in order to ta ke into

a cco unt how a sui te of fa c to rs inte ract to infl u e n ce th e

ecosystem and how an entire array of goods and services

are affected by changes in the ecosystem. 

An advan tage of the inte grated eco sys tem as s essment stra-

te gy is th at it prov i d es the info r m ation neces s ary to co n s i d e r

var i o us levels of goods and serv i ces and to identi fy oppo r tun i-
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Fi g ure 2. Conceptual Framework of the Millennium Ecosystem Assessment 

(redrawn from http://www.millenniumassessment.org).
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ti es to incre ase the level of be n e fits ob tained from eco sys te m

g oods and serv i ces. It is expe c ted th at the multi - s e c to ra l

as s essment approach, considering wate r, food produ c ti o n ,

car bon seques tration, ti m be r, and other eco sys tems us es will

p rovide decision make rs with tra d e - off info r m ation needed to

p ro m o te re a l i s tic management strate g i es .

Ecosystem Health Approach

D e fi n i tions of eco sys tem health are often couched in

terms of the absence of signs of path ol ogy. For exam ple, a

lake is deemed “healthy” 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 eco sys tem health must also examine the ca pa c i ty

for mai n taining or res toring biol og i cal and social org an i za-

tion on the one hand, and the ability to meet reasonable and

sustainable human goals on the other.  From this perspective,

ecosystem health 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 fur ther into the pro pe r ti es of eco sys tem health ,

th ree major attr i b utes emerge as meas ures of health: (1) vigor

( p rodu c tiv i ty), (2) org an i zation (including the dive rs i ty of biota

and their inte ra c tions) and (3) res i l i e n ce.  Vigor or produ c tiv i ty

re fe rs to the ca pa c i ty of the sys tem to sus tain grow th an d

transmission (re p rodu c tion) of biol og i cal, lingui s tic and cu l tu-

ral co m ponents. Org an i zation re fe rs to the ca pa c i ty of the sys-

tem to support biol og i cal and cu l tural dive rs i ty.  Res i l i e n ce

re fe rs to the ca pa c i ty of the sys tem to buffer pe r tur bati o n s,

and is also the ca pa c i ty to re bo und after social, pol i ti cal, or

n atural distur ban ces and re es ta bl i sh vigor and org an i zation. 

While the attributes of vigor, organization, and resilience

h ave been as s essed from an ecol og i cal pe rs pe c tive, th es e

co n cepts are equally appl i ca ble to the soc i o - e co n o m i c ,

human health and bio-cultural dimensions. For example, in a

healthy ecosystem, economic activity is buffered against the

va g ar i es of mar ket fo rces, for the sys tem can support a

var i e ty of alte r n ative hum an activ i ti es th at can be bro u g h t

into play to maintain a source of income for the human com-

munities within the system.
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As eco sys tems are inclus ive of hum an co m m un i ti es an d

as s oc i ated cu l tura l/l i n g ui s tic attr i b utes within this mod e l ,

the evolving defi n i tions of eco sys tem health will need to

account for the social, economic and cultural components as

much as the biophys i cal as pects. It fol l ows th at eco sys te m

h e a l th is as much mirro red in soc i o - e conomic and cu l tura l

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 oppo r tun i ti es for sus tai n a ble live l i h oods. Fur-

thermore, as epidemiological studies suggest that human ill-

nesses are in many cases stimulated by ecological imbalance,

the health status of populations reflects or mirrors ecosystem

h e a l th. For exam ple, chol e ra, malar i a, dengue feve r, Ro s s

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

A num ber of re ports are re g u l arly publ i shed by inte r n ati o n a l

o rg an i zations and NGOs utilizing existing env i ro n m e n tal data

and indicato rs to eva l u ate cur rent co n d i tions and trends to

p rovide info r m ation on the state of the env i ronment. There are

fo ur fram ewo r ks th at sh a pe most state of the env i ro n m e n t

re po r ti n g :

• An environmental issues framework with focus on indica-

to rs of spe c i fic env i ro n m e n tal problems such as was te

management, climate change or biodiversity.

• A resource 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.

• An environmental process framework that focuses beyond

previous frameworks and identifies not only the individual

i n d i cato rs within each of those are as, but fur th e r m o re

attempts to combine and link them to hum an activ i ti es

res po n s i ble for the chan g es in env i ro n m e n tal co n d i ti o n s

(CEC 1996).
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A detailed discussion on var i o us fram ewo r ks for state of

environment reporting is given in Moldan and Billharz (1997)

and Rump (1996). Almost all international organizations are

using a similar framework for indicator typology.  In the early

1 9 9 0s, the Org an i s ation for Economic Co - o pe ration an d

D evelopment adopted a model called the Pres s ure - S tate -

Res po n s e (PSR) fram ework (OECD 1998) for inte r n ati o n a l

comparability. The PSR framework was initially proposed by

Rapport and Friend (1979) as the “stress-response” model.  It

p rovided a means for as s essing the inte ra c tions be twe e n

e nv i ro n m e n tal pres s ures, the state of the env i ro n m e n t, an d

e nv i ro n m e n tal res po n s es (OECD 2001). Howeve r, the PSR

framework does not attempt to specify the nature or form of

the inte ra c tions be tween hum an activ i ti es and the state of

the environment. The PSR framework was then extended to

cover the env i ro n m e n ta l/s ocial inte r fa ce of sus tai n a bl e

development in order to better track the course toward a sus-

tainable future. As a result the framework provided a baseline

for the evol ution of the D r iving Fo rce - S tate - Res po n s e ( D S R )

and the Pres s ure - S tate - I m pa c t - Res po n s e (PSIR) or D r ivi n g

Fo rce - Pres s ure - S tate - I m pa c t - Res po n s e (DPSIR). In 1995, in

the context of Agenda 21, the United Nations Commission on

S us tai n a ble 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

Fo rces - Pres s ure - S tate - I m pa c t - Res ponse (DPSIR) fram ewo r k. The

DPSIR prov i d es an ove rall mechanism for an a l yzing env i ro n-

m e n tal problems (Lives tock and Env i ronment Tool box 2001).

Canada us es a mod i fied PSR fram ework for indicato rs; th at is,

s tres s, co n d i tion, effect and res ponse (Ruth e r fo rd, in CEC 1996).

State of environment reporting should be balanced, com-

p re h e n s ive, ca usal, ob j e c tive, pol i cy - o r i e n ted and prov i d e

i n ce n tive for action.  In other wo rd s, state of env i ro n m e n t

reporting must strive to provide analysis within the dynamics

of the hum an eco sys tem model.  The as s essment should be

based on sound scientific methodology, and data should be

carried out to answer policy-relevant questions such as:

• What is the state of the environment?

• What are the trends? 

• What are the causes inducing these trends?

• Wh at are bo th the har m ful and be n e ficial co n s e q u e n ces to

pe o pl e? This is par ti cu l arly impo r tant as the public is not inte r-

es te d, for exam ple, in the level of nitrogen dioxide in the atm o s-

ph e re. But pe o ple do want to know how it might affect th e m .

In this context there is a need for an enlarged framework,

which ta kes into acco unt the inte ra c tion be tween hum an

and ecol og i cal sys te m s, and its co n s e q u e n ces for hum an

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 a major concern. In fact, the World Commission on

Env i ronment and Development (WCED 1987) stressed th e

needs for: 

• Id e n ti fying criti cal th re ats to the surv ival secur i ty or we l l -

being of all or the maj o r i ty of pe o ple, globally and re g i o n a l l y ;

• A s s essing the ca us es and likely hum an, economic, an d

e col og i cal co n s e q u e n ces of those th re at s, and re po r ti n g

regularly and publicly on their findings.

The Un i ted Nations Co n fe re n ce on Env i ronment and Deve-

l o p m e n t, which adopted Agenda 21 in 1992, proc l aimed th at

“ Hum an beings are at the ce n ter of co n cerns for sus tai n a bl e

d evelopment. They are enti tled to a healthy and produ c tive

l i fe in har m o ny with nature.” (Un i ted Nations 1993).

Env i ro n m e n tal insecur i ty is defined as the vu l n e ra b i l i ty of

pe o ple to the effects of env i ro n m e n tal degra d ation (Bar n e tt

2001). It impl i es the way env i ro n m e n tal degra d ation affe c t s

the we l fare of hum an beings or th re atens the secur i ty of pe o ple. 

However, the majority of scientific assessments of global

environmental change mostly pays attention to the analysis

of env i ro n m e n tal chan g es, but is less able to quan ti fy th e

i m pact th ese chan g es might have on soc i e ti es, including

s oc i o - e conomic impacts and dete r i o ration in cu l tural an d

l i n g ui s tic dive rs i ty. As our un d e rs tanding of env i ro n m e n ta l

c h ange th ro u g h o ut the world grows, it is incre asingly 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 hum an impact on the env i ronment should not be seen as

a one-way street; it goes in bo th dire c tions. Ch an g es in the env i-

ronment have an impact on hum an we l fare, can make maj o r

co n tr i b utions to path ol ogy in the hum an social sys tem, and can

lead to sign i fi cant loss of bio-cu l tural dive rs i ty. Thus, degra d a-

tion in eco sys tems should sti m u l ate a hum an adaptive res po n s e

to re du ce the direct and indirect hum an impacts of such degra-

d ation. (Harrison and Pe arce 2000).  An evolving model, ta k i n g

full acco unt of such bio-cu l tural co m pl e x i ty, would seek to (1)

q u an ti fy hum an impact on env i ronment; (2) quan ti fy how

c h an g es in env i ronment would incre ase hum an vu l n e ra b i l i ty ;

and (3) quan ti fy how pe rce ived (and actual) losses in soc i o - e co-

nomic health and bio-cu l tural dive rs i ty sti m u l ate adaptive res-

ponse. As we look ahead, we can an ti c i pate th at the expl o rati o n

of th ese co m plex fe e d - back loops could be one of the impo r tan t

pathways th rough which science can enhan ce its re l evan ce to

p u blic pol i cy in the env i ro n m e n tal are n a.  (See Fi g ure 3.)

Figure 3. Human vulnerability to environmental changes framework (Rapport and Singh 2002).

Hum an we l fare affe c ted by env i ro n m e n tal degra d ati o n

can easily be depicted th rough a num ber of dive rse to p i cs,

including health, economic losses, pove r ty, food secur i ty, equi ty

( i n tra and inte rg e n e rational), loss of natural heritage and expe r-

i e n ces (i.e. cu l tural and lingui s tic dive rs i ty), loss of inte l l e c tu a l

p ro pe r ty rights, co n fl i c t, expo s ure to extreme events and cli-

m ate change impacts. If vu l n e ra b i l i ty we re des c r i bed un d e r

th ese th e m es rather th an those of state var i a bl es (i.e. res o urces

or pres s ure var i a bl es), enhan ced public atte n tion and co n ce r n

would result.  It is also es s e n tial to diffe re n ti ate scienti fic res u l t s

from the pol i cy sign i fi can ce of those results (Pi e l ke 2002). It fol-

l ows th at env i ro n m e n tal as s essment proces s es and pol i cy

as s essments should be dealt with on separate bas es .

In order to ‘bre athe life’ into existing stati s ti cal fram e-

works, a conscientious effort needs to be made to widen their

p urv i ew by giving equal weight to the biophys i cal, geogra-

phic, soc i o - e conomic and hum an health dimensions.  Ex i s-

ting env i ro n m e n tal fram ewo r ks for stati s ti cal pur po s es are

not sufficient by themselves to analyze causality and trends.

For sure, assessments must be more local in order to be more

re l evant. That part of the picture is emerging from detai l e d

and synoptic studies of many case histories, seeking common

patterns (Rapport and Whitford 1999).  

Trends
Biodiversity loss,
Deforestation,
Pollution, etc.

Status
Land, Air, Water

Responses
Societal commitment, Policies,

Values, Investments, etc.

Consequences
Health, Poverty, 

Food security, etc.

Causes
Population growth, 

Climate changes, etc.
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The pa c kaging of data into indicato rs is a way of simpl i-

fying complex and detailed information. Indicators should be

designed in a way that helps decision-makers to set precise

g oals for future action and enabl es inte res ted par ti es to

monitor progress toward the desired goals. An index is a com-

po s i te of seve ral indicato rs. Combining re l evant indicato rs

from a vast ar ray of env i ro n m e n tal data into a co m po s i te

index reveals the available evidence in a much more convin-

cing fashion th an would indiv i dual indicato rs. No r m a l l y,

indices grab the headlines in the mass media, attract public

opinion, and mob i l i ze actions from pol i ti cal leadersh i p. Fo r

e xam ple, economic indicato rs like the Gross Domes tic Pro-

duct (GDP) show the power of a single number whose signi-

fi can ce is widely co m p rehended. Howeve r, public inte res t

tends to focus more on re l ative ranking th an on absol ute

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.

Env i ro n m e n tal indicato rs are re l atively un d e r - d eve l o pe d

co m pared to economic and social indicato rs. No po p u l ar

e nv i ro n m e n tal index aggre g ated in a way th at prov i d es 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

T h e re have alre a dy been attempts to develop co m po s i te

indices related to various aspects of the environment within

the framework of sustainable development.  Hammond et al.

(1995) discussed a sys te m atic approach to meas ure an d

report on environmental policy performance in the context of

sustainable development, and provided a conceptual frame-

work (Pressure-State-Impact-Response) for developing com-

po s i te indices for pol l uti o n/e m i s s i o n s, res o urce depl e ti o n ,

b i od ive rs i ty, and hum an impa c t /e x po s ure. Ch am be rs et al.

(2000) have given a lucid description of the advantages and

d i s a dvan ta g es of num e ro us fram ewo r ks on sus tai n a b i l i ty

i n d i cato rs such as ‘Env i ro n m e n tal Spa ce’, ‘Sys tem Mod e l s’ ,

‘Environmental Impact Assessment and Critical Loads’, ‘Cor-

po rate Env i ro n m e n tal Pe r fo r m an ce Eva l u ation’, ‘Li fe Cyc l e

A n a l ys i s’, ‘Me ta bolic Stu d i es and Material Acco un t s’ an d

‘Energy and Energy Analysis’.

A number of composite indices have been proposed such

as the Environmental Sustainability Index (ESI) by the World

Economic Fo r um (2001 & 2002), the Sus tai n a ble Deve l o p-

ment Index and Env i ro n m e n tal Pol i cy Index (T h o m as et al.

2000), the Living Planet Index (WWF 2000), the Environmen-

tal Quality Index “Dash board Sus tai n a b i l i ty Co n cept” (IISD

2000), the Ecol og i cal Foo tprint (Wa c kernagel and Re es

1996), and the Ecosystem Well-being Index (EWI) (Prescott-

Allen 2001).

A sum m ary rev i ew of avai l a ble indices reveals seve ra l

sh o r tcomings.  Some indices deal with only a few env i ro n-

m e n tal challenges (e.g. the Living Pl anet Index focus es on

b i od ive rs i ty loss) or rely on a par ti cu l ar pattern of hum an

a c tiv i ti es (e.g. Ecol og i cal Foo tprint is an index of co n s um p-

tion pressure of societies). Others try to cover environmental

goals by involving too many variables, but become too com-

plex for future follow-up and public understanding (e.g. ESI or

EWI). In fa c t, Es ty and Po r ter (2000) ob s e rved th at the ES I

i n c l u d es th e o re ti ca l l y - d e r ived var i a bl es, but the meth od-

ol ogy does not va l i d ate a re l ati o n ship be tween th es e

variables and environmental outcomes.

Num e ro us inte r n ational, regional org an i zati o n s, gove r n-

m e n tal agencies and scienti fic bod i es have launched a var i e ty

of env i ro n m e n tal indicator initi atives enco m passing diffe re n t

are as of the env i ronment. Some of the major initi atives at th e

Environmental Indicators 
and Indices
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g l obal, regional and national levels are sum m ar i zed by Si n g h

and Mol d an (2002).

Re ce n tl y, the UN General Assembly adopted the Un i te d

Nations Millennium Declaration (res ol ution 55/2) which was

s i gned by 145 heads of state and government. The Genera l

A s s e m bly th e re by re q u es ted re g u l ar as s essments of progres s

towards the impl e m e n tation of the goals defined in the Mil-

l e n n i um Declaration (http : //w w w.un .o rg : E /C N . 3 / 2 0 0 2 / 2 5 ) .

A fram ework of eight goa l s, 18 targets and 48 indicato rs was

included in the re port of the Se c re tary - G e n e ral on a road map

towards the impl e m e n tation of the Declaration (http : //w w w.

un .o rg: A/56/362). “Goal 7, To ensure env i ro n m e n tal sus tai n a-

b i l i ty” sets fo r th the fol l owing targets and indicato rs :

• Target 9. I n te grate the principl es of sus tai n a ble deve l o p-

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 effi c i e n cy )

Carbon dioxide emissions (per capita) [Plus two figures

of global atm o s pheric pol l ution: ozone depl e tion an d

the accumulation of global warming gases] 

• Target 10. Halve by 2015 the proportion of people without

sustainable access to safe drinking water

Indicator:

Pro po r tion of po p u l ation with sus tai n a ble 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:

Pro po r tion of pe o ple with access to improved san i tati o n

Proportion of people with access to secure tenure

O bv i o usl y, many of th ese indicato rs attempt to des c r i be

particular realms of the environment in detail. Another inter-

es ting fe ature is th at too many criteria and indicato rs are

being pro posed. As des c r i bed be l ow, th e re are more indica-

tors proposed than the number of data variables being nor-

mally measured (Singh and Moldan 2002).

T h e re is a need for gre atly improve d, coh e rent and co m pa-

ti ble baseline data and data sys tems avai l a ble to all po te n ti a l

us e rs. The prevalent gap be tween th e o ry and re a l i ty re l ated to

the cur rent data and indicato rs development para d i gm is illus-

trated in Fi g ure 4. The defi c i e n c i es in inte r n ational data bas es

and indicato rs are in most instan ces a direct co n s e q u e n ce of

the lack of basic env i ro n m e n tal data at co un try levels. The only

way to ensure the provision of env i ro n m e n tal info r m ation on a

ro utine basis is to build and enhan ce national ca pa c i ti es fo r

col l e c tion, co m p i l ation, and an a l ysis of env i ro n m e n tal data. 

Criteria for Indicators (based 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 a number of different sets

of indicato rs. Detailed indicato rs are often best sui ted fo r

e x pe r t s, wh e re as so-called “headline” indicato rs are ofte n

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;

g ood quality, affo rd a ble data; ability to aggre g ate info r m a-

tion; sensitivity to small changes; reliability. 

The OECD established the following set of criteria for indi-

cator selection in the field of env i ro n m e n tal indicato rs

(OECD 1998):

Policy relevance and utility for users:

• Provide a re p res e n tative picture of env i ro n m e n tal co n d i-

ti o n s, pres s ures on the env i ronment and soc i e ty ’s res po n s es ;

• Be simple, easy to inte r p ret and be able to sh ow tre n d s

over time;

• Be responsive to changes in the environment and related

human activities;

• Provide a basis for international comparisons;

• Be either national in scope or applicable to regional envi-

ronmental issues of national significance;

• Have a th resh old or re fe re n ce value against which to

compare it so that users are able to assess the significance

of the values associated with it.



indicators and quantitative targets, (2) stated objectives, and

(3) policy intentions or public expectations. In addition, indi-

cato rs should be able to diffe re n ti ate hum an inte r fe re n ce

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 co n c l usion, the power of an indicator lies not only in cha-

ra c terizing the issue but also in providing gui d an ce toward s

dealing with the issue. At sta ke is not only our ability to identi fy

i n d i cato rs, but more co n c re tely to make th ese indicato rs acces-

s i ble and un d e rs tan d a ble to pol i cy make rs and the genera l

p u blic. Un til this ob j e c tive is attai n e d, th e re will always be too

m any indicato rs and ve ry little action. Si n ce the 1992 Rio UN

Co n fe re n ce on Env i ronment and Deve l o p m e n t, th e re has be e n

a prol i fe ration of activ i ti es re l ated to the development of sus-

tai n a ble indicato rs an d, as mentioned ear l i e r, too many indica-

to rs have been pro posed. Howeve r, in re cent ye ars, the tre n d

seems to be sh i fting towards development of fewer indicato rs

as re fl e c ted by the 10 Indicato rs for Envi ro n m e n t by OECD

Analytical soundness:

• Be th e o re ti cally we l l - fo unded in te c h n i cal and scienti fi c

terms;

• Be based on inte r n ational stan d ards and inte r n ati o n a l

consensus about its validity;

• Lend itself to being linked to economic models, forecast-

ing and information systems.

Measurability:

• Readily avai l a ble or made avai l a ble at a re as o n a bl e

cost/benefit ratio;

• Adequately documented and of known quality;

• Upd ated at re g u l ar inte rvals in acco rd an ce with re l i a bl e

procedures.

For policy development, OECD (2002) calls for indicators

th at are few in num be r, clear, concise, and an a l y ti ca l l y

rob ust. In addition, th ey need to highlight un am b i g u o us

“good” and “bad” directions of movement.

A num ber of other criteria co n s i d e red to be impo r tan t

include the need to have (1) a close connection between the
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Figure 4. The Information Pyramid: Theory and Reality (Singh and Moldan 2002).
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(2001) and He a dline Indicato rs by the Euro pe an Env i ro n m e n t

A g e n cy (EEA) in Envi ro n m e n tal Si gnals (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 a need for the

i n trodu c tion of a co m po s i te 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 co m po s i te index would solicit wider publ i c

atte n tion, bring tran s pare n cy and acco un ta b i l i ty to pol i cy

making, and create a basis for fine-tuning policies for maxi-

mum effectiveness.



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 inte r pl ay of env i ro n m e n tal and soc i o - e co n o m i c

c h ara c te r i s ti cs infl u e n ces the ways we use avai l a bl e

res o urces and administer hum an activ i ti es. The co n s e-

quences of our actions and their impact on sustainability are

therefore influenced by place.  

Closely re l ated are issues as s oc i ated with the scale of th e

as s es s m e n t, the scale of the problem, and the scale at wh i c h

decisions are made. Re g ardl ess of the scale of an as s es s m e n t,

to be pol i cy re l evant and provide mean i n g ful input to th e

decision making proces s, we must be able to loca l i ze probl e m s

(Balling 2000). All env i ro n m e n tal issues and proces s es have

s ca l e - d e pendent co n n e c tions (Bai l ey 1987). Some env i ro n-

m e n tal problems have spe c i fic local origins, such as the soil

e rosion as s oc i ated with inappro p r i ate soil management pra c-

ti ces.  The co n s e q u e n ces occur bo th at the site wh e re th e re is

l ower produ c tiv i ty, as well as dow n s tre am and re g i o n a l l y

be ca use tran s po r ted sediments impact water quality an d

a q u atic res o urces.  From the oppo s i te van tage po i n t, climate

c h ange is a fl uid global process with ve ry local impl i cati o n s .

The tools needed to factor in place and scale for collecting

the env i ro n m e n tal indicato rs re q ui red for env i ro n m e n ta l

assessments are now available, affordable, and explainable.

Wi th tools like re m o te sensing, we can map, meas ure, an d

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

co n text.  A GIS enabl es use of spatial stati s ti cs, 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

Env i ro n m e n tal as s essments must (1) be appro p r i ate fo r

re pl i ca ble and appl i ca ble impl e m e n tation in a var i e ty of

e nv i ro n s, (2) fol l ow scienti fi cally valid meth ods th at can be

h ar m o n i zed with other as s es s m e n t s, and (3) provide mean-

ingful and relevant products that can be used by non-special-

ists to us e fully serve the sus tai n a ble development decision-

making process.

The assessment process follows a continuum that involves

d e termining the baseline rates or levels of var i o us ph e n o-

mena or indicators, establishing the trends in these measure-

ments or co n d i ti o n s, identi fying the ca us es of the indicato r

rates and tre n d s, and fi n a l l y, determining wh at the co n s e-

q u e n ces are of the rates and trends. An additional element,

m i ti g ati o n, is incre asingly impo r tant and re p resents the fol-

l ow-on actions re q ui red such as the es ta bl i shment of new

policies and directives and implementing remedial manage-

ment activities.  

The assessment sequence can be affected by the analyti-

cal fun c tions as s oc i ated with the spatial an a l ysis tool s

employed.  There are four key functions that form the process

needed to as s ess the rates (and initial co n d i tions), tre n d s,

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 typ i cally gath e red either in situ using a GPS or

interpreted using remotely sensed data.

• Mod el l i n g i nvol ves the process of using precise and typ i-

cally mathematical descriptions of the system inputs, out-

p ut s, and proces s es under stu dy to simulate the pres e n t,

past or future as pects of the des c r i bed 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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Geospatial-Based Analysis and 
New Tools for Assessment 



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 can be

deployed to identify risk or vulnerability. 

The geospatial te c h n ol og i es th at support mapping an d

m e as ur i n g, mod e l l i n g, and monitoring must be dura ble an d

avai l a ble to a broad audience.  Re m o te sensing and GPS serve

d ata col l e c tion fun c tions as s oc i ated with mapping, meas u-

r i n g, and monito r i n g, while GIS offe rs exce p tional ve rs ati l i ty

as it prov i d es a full set of ca pa b i l i ti es for col l e c ti n g, org an i z i n g,

co m par i n g, and co m m un i cating geogra phic info r m ation.  In

a d d i tion, GIS gre atly enhan ces co m m un i cation and decision

s u p port. Fi n a l l y, the visualization as pects of geospatial te c h-

n ol og i es fa c i l i tate the decision-making process wh i l e

e n a bling co m m un i ty inte ra c tion for wide audiences and dis-

cus s i o n .

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.

Howeve r, the as s oc i ated mapping and meas uring tasks

require a substantial level-of-effort (including high-level staff

training and fa c i l i ti es), leaving the development of spati a l

i n d i cato rs to org an i zations with the char ter and infras tr u c-

ture neces s ary to co m pl e te the wo r k. Co m m o n l y, nati o n a l

mapping agencies produce the bulk of these data. 

Vi r tually all modern map products derive co n s i d e ra bl e

information from remotely sensed data. Remote sensing pro-

vides a means to document “what is where” at a particular

point in time.  From an env i ro n m e n tal as s essment pe rs pe c-

tive, this is essential for establishing the rates of various dyna-

mic resource parameters.

Re m o tely sensed data can be acq ui red bo th from Ear th

o r b i ting sate l l i tes and from low flying aerial ai rc raft.  This

results in data spanning a wide range of spatial sca l es an d

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-

ra c te r i s ti cs may be mapped or meas ured 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 acq ui s i tion co s t s, th e re are also co s t s

associated with conversion of images to orthorectified (dis-

tortion-free and geo-referenced to a coordinate system such

as lati tude and longitude), inte r p re tation of info r m ati o n

using either manual or statistical means, and verification of

results. Most products interpreted from remotely sensed data

use field ob s e rvations for clas s i fi cation and va l i d ation ca l i-

bration purposes. 
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Table 1. Geographic extent and current prices (US Dollars) for common sources of current remotely sensed data.  Prices are for current

d ata. Older data are often av ai l a ble at a redu ced cost. Cur re n tl y, NA S A ’s pol i cy is to provide the res earch co m m un i ty free access to

MODIS data sets (Loveland and Foresman 2002).

Satellite Res ol ution of Exam pl e Geographic Coverage Cost Per Scene Cost Per Kilometer2

MODIS 1000 m2 1200 km by 1200 km No Cost $0.0

SPOT VEGETATION 1000 m2 1,000,000 km2 $144 $0.00014

Landsat TM, ETM+ 30 m2 185 km by 185 km $600 $0.02

S P OT Mu l ti s pe c tral, Pan 20 m2, 10 m2 60 km by 60 km $1500 $0.42

IKONOS 1 m2 1 km by 1 km and larger $18/km2 $18.00



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 ve r i fying the accura cy of maps is often alar m-

ing.  Howeve r, science quality data (i.e., maps with known an d

tra ce a ble lineage and wh e re the erro rs inherent in the ove ra l l

p rodu c tion of the maps have been docum e n ted) are es s e n ti a l

if larg e - area env i ro n m e n tal as s essments are to provide th e

a b i l i ty to separate subtle chan g es from ba c kgro und noise

( Es tes and Moo n eyh an 1994).  Accura cy of env i ro n m e n ta l

as s essments will have an inherent impact on a litany of

co nve n tions and tre ati es as har m o n i zed and stan d ard i ze d

as s essments be come acce p ted by all nations including th e

Kyo to Pro tocol, as well as the inte r n ational co nve n tions on bio-

d ive rs i ty (CBD), we tl ands (Ram s ar), and des e r ti fi cation (CCD).  

The cost borne by th ese proces s es can be lowe re d

th rough the adoption of inte r n ational data stan d ards. FAO

and UNEP re ce n tly launched the fi rst ope rational stan d ard s

for a Global Land Cover Ne twork ((FAO/ UNEP 2002) us i n g

the UN Land Cover Cl as s i fi cation Sys tem (FAO 2000), in

coo pe ration with experts from over 20 nations and multi pl e

res e arch and government insti tutions. This re p resents a

m ajor miles tone in the stan d ard i zation and har m o n i zati o n

of land cover mapping activ i ti es th ro u g h o ut the globe, an d

is a fun d am e n tal improvement in the env i ro n m e n tal as s es s-

ment proces s .

GIS and Spatial Data Analysis and Modelling

GIS technology has revolutionized most aspects of spatial

d ata col l e c tion and an a l ys i s, and has provided bre a k-

throughs that foster examination of environment issues in a

geographic context (Foresman 1998).  As GIS are capable of

assembling, storing, manipulating, and displaying geographi-

cally referenced information (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.  

T h ree fun c tional ca pa b i l i ti es of geogra phic info r m ati o n

systems are particularly relevant to the environmental assess-

ment process: (1) inte gration of geospatial te c h n ol ogy, (2)

linking or integrating information that is difficult to associate

th rough other mean s, and (3) man i p u l ating and an a l yz i n g

two- and three-dimensional characteristics of the Earth’s sur-

fa ce, subsur fa ce, and atm o s ph e re using math e m ati cal an d

statistical formulae that model relationships between differ-

ent env i ro n m e n tal var i a bl es. Vi r tually any env i ro n m e n ta l

m odel, wh e ther dealing with gro un dwater with d rawal, 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 env i ro n m e n tal as s essment pro-

cess results from the availability of quality indicator data. The

UNEP Global Env i ronment Outl ook (GEO-3) re port has

d e m o n s trated 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

( Es tes and Moo n eyh an 1994).  While th e re are now globa l

maps of many land variables, the availability of land data sets

at national and regional levels is un even (Love l and et al.

2000). Any attempt to loca l i ze env i ro n m e n tal as s es s m e n t s

will be limited by the coarsest available indicator data.  

Crucial needs for env i ro n m e n tal data will only be met if

d ata ce n te rs and spatial data clear i n g h o us es such as th e

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 inte r n ational co m m un i ty towards the har-

monization of global environmental assessments (GEAs) with

the explicit goal of using these networks and clearinghouse

n od es.  Such GEAs include the Global Inte r n ational Wate rs

A s s es s m e n t, Global Env i ronment Outl ook, Fo rest Res o urces

Assessment, World Waters Assessment Programme, Dryland

D e gra d ation Asses s m e n t, and the Millennium Eco sys te m

Assessment. 
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Geospatial Issues and Challenges

While geospatial te c h n ol og i es and strate g i es are ra p i dly be i n g

i n co r po rated into env i ro n m e n tal programs th ro u g h o ut th e

wo r l d, th e re are still many problems to be co n s i d e re d, for exam pl e :

• G e ogra phic data stan d ards are es s e n tial elements of env i-

ro n m e n tal as s essments.  Co m m i tte es such as the Globa l

Spatial Data Infras tr u c ture (GSDI) are making co n s e q u e n-

tial progress in issues such as co m pati b i l i ty of data an d

i n fo r m ation, inte ro pe ra b i l i ty, har m o n i zation and pro tocols.  

• D ata quality, including accura cy and precision, must be

un d e rs tood and tran sl ated into co n texts re l evant to th e

decision-making process.  

• Eq ui ta ble access to data, te c h n ol ogy, and other re q ui re d

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 spe c i fi c i ty, re l evan ce, and quality of env i-

ro n m e n tal as s essments. We are on the ve rge of sign i fi can t

s tr i d es in localizing and inte grating env i ro n m e n tal as s es s-

ments across the range of scales that are relevant to the rates,

tre n d s, ca us es, co n s e q u e n ces, and miti g ation as s es s m e n t

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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A strong partnership between society and the science and

te c h n ol ogy co m m un i ty is the fo un d ation for the deve l o p-

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 21st century. 

Assessments have been used as one of the primary tools for

making science acces s i ble and us e ful to soc i e ty.  Over th e

past two deca d es th e re have been many scienti fic as s es s-

ments on a range of topics including stratospheric ozone, cli-

m ate change and biod ive rs i ty.  The as s essment proces s

co n ti n u es with activ i ti es such as the Millennium Eco sys te m

A s s es s m e n t, a combined diagn o s tic and progn o s tic as s es s-

ment of hum an impacts on eco sys tem serv i ces.  Eco sys te m

s e rv i ces include provisioning serv i ces, such as the supply of

food and fiber, and supporting services, i.a., the purification

of air and water, and the stabilization of landscapes against

wind and water erosion.

T h e re has been no co m p re h e n s ive eva l u ation of th e

m ajor scienti fic as s essments of the past two deca d es th at

h as addressed the fol l owing impo r tant ques tions.  Wh at

to p i cs have been cove red? Are th e re impo r tant topic gaps?

Wh at are the succes s es and fai l ures? Wh at as pects of

d es i gn and process make for succes s ful as s es s m e n t s? Can

we combine the succes s ful as pects of des i gn and proces s

i n to a new as s essment fram ewo r k? If yes, does the new fram e-

work yield an as s essment th at makes science highly pol i cy

re l evan t?

It is impo r tant to co n s truct a new fram ework for as s es s-

ments th at builds on lessons learned from eva l u ations 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;

• s tu dying the des i gn and process as pects of th ese maj o r

assessments;

• exploring a range of issues, including scale (global, region-

al, local), language, legiti m a cy, and sta ke h older invol ve-

ment; and

• constructing a new assessment framework to yield scienti-

fic information that is maximally policy relevant.

O ver the past decade, science has primarily fl o ur i sh e d

using the nar rowing-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,

e col og i es and health.  Its ve ry co m pl e x i ty is its stre n g th .

Should we pe rsist in fra gm e n ted th i n k i n g, man a g i n g

res o urces with o ut cogn i zan ce of the eco sys tem pro pe r ti es

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 co n s i d e rations of the science and pol i cy inte r-

fa ce should inte grate social and health sciences with th e

natural sciences. Until recently, contributions from these sec-

to rs have been un d e r pl ayed but gre at str i d es have be e n

made in un d e rs tanding linka g es, for exam ple, be twe e n

human health and ecosystem condition. Once we can clearly

d e m o n s trate how all the var i a bl es (pe rsonal health, eco n o-

mic oppo r tun i ty, pres e rvation of cu l tural tra d i ti o n s, soc i a l

support mechanisms) that people use as yardsticks that mat-

ter to hum ans are inte r re l ated within an eco sys tem health

context, we may finally begin to foresee more science-based

policy that can effectively lead to long-term sustainability of

our environment.

Conclusions
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