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1. The nature of indicators,
the importance of indicators

Indicators are nalllrlll,
everywhere. part of everyone's lile.

Intuitively we an we indicators to
monitor complex systems we can:
about or need to control.

Maa1els ani alert to the oaMty _
r:t lI10t cNIci1ln. the lltlg1lne5Sr:t thei"
eyes. the way they breathe Insleep.

The Ieomtngof fNe<ySCiXlOI cnUdIs
~ as te5tscoteSancIg'ades.

Fanners seen the sl<.yfor weather
fronts. squeeze the $01110 measure
ItsmoI$tIJre.watch how mmy earth-
wonns ere turned over Ina snovelful
of eann.

DoaDrs tIIl<eywr temperawre. 1001<
at yotJI tongue. do blood tests and

CAT""'ns.

MecnanIcsuse caliper.;andpressure
gauges and listen 10 the soundof the
motor.

If we could first know where we are, and
whither we are tending. we could better
judge what to do, and how to do ir. ...

Pilots, and power plant operators
have whole panels of Instruments in
front of them.

. Economists use leading Indicators.
leggingIndicators.costo()f~ivlngIndl·
cators. employment Indlcatooi. the
NIi<J<8l or Dow-Jones Index. and the
most famous and criticized of all In-
dlcators. the GDP.

Some Indlclltorsere legends - the
canary Inthe coal mine. the see bird
that hintsof the yet~nvtslbIelend.the
puffof smoke from tile VatJcendlIm-
ney..

We have many words for indicator
- sign. symptom, omen, signal. tip.
clue, grade, rank. data. pointer, dial.
warning light, Instrument, measure-

ment, Indicators are a necessary part
of the ~ of information we use
to und~d the world. make deci-

sions. and plan our actions.

Indicators arise from values
(we measure what we cafe aboUl),
and they create values
(we care about what we measure).

What do you keep an eye 'on, to be
sure your home or workplaa: or com-
munity is in good shape? What would
you ask about a plaa: you might move
to, to fmd out if you would like to live
there? What would you want to know
about your society fifty years from
now, to be SW'e your grandclillclren are
liVing good lives? The answen people
give to questions like these reflea their
vah=.

Vanous U.S. cammunltJes. asked to
define IndIcators of their own long-
term welfare. have responded wtth:

• whether the childrenwtllgo on liv·
ing here or move away;

• whetherwtld salmonsUIlrun Inthe
"vet>i (Seattle);

• whether. when we open the wtn-
dows. we can smell the sage (Den-
ver).

Agroup of Portuguese young people
once listed 85 the top three ques.-
tions they would ask about 8 strange
country;

• whan you'walk down the streets.
ere the peepla warm ana friendly?

Clearly some values (and hence indl-
eato.-.) are place- or cuJture-.pecfic.
others are common to an humanity.

Some are quantitatively measurable.
while othen, which may be equally
important. can only be felt quallta-
tively.

Not only do ONe measure what we
value. we also come to lvalue what

we measure. The Dow- Jones index
arose from the information needs of
stockholders. but 'now the general
public sees it as an indl""tor of na-
tional economic health. No one
eared about a blood cholesterol level
over 200 Wltll doctors started in-
cluding it in our annual checkups.
Opponents of the Vietnam War
made converts by creating an indi-
cator; the nightly body count.

Indicators can .be tools of
change, learning, and propaganda.

Their presena: •• b.sence. or promi-
nence affect behavior. The world
would be a very different place Ii na-
tions prided themselves not on their
high GDPs but on their low infant
mortality rates. Or Ii the World
Bank ranked countries not by aver-
age GDP per capita but b.y the ratio
of the incomes of the richest 10 per-
cent to the poorest 10 perrent.

We try to measure what we value.
We come to value what we mea.rure.
This feedback p= is conunO:1, in-
evitable. useful. and full of pitfalls.



When indicators are poorly
chosen, they can cause serious
malfunctiOll5.

If you manage a national economy
to maximize GDP, you g.t GDP. You
do not nec:es.-.arIlyget justice or free-
dom Or environmental quality or
C\'*-Il, sometim ••• real wealth.

,If you run a company to increase
iI:sstock marl<t:t.valu., you mny wry
w-..IJproduce a rise in the stock mar-

ket value - perb':ps at the <DStof un-
cle:rpaldwo&.ers or poor quality prod-=.and therefore, Q\'el'the 10llg =.
a downturn in the stock market value.

When the success of the family,'
planning program in India was 1mB-

oured by the number of tntra-utefine
devi= (IUDs) Inserted per month.
some family planning work=. It is
said. inserted IUDs tn unknowing
women, in infertile women, and even
in women who already had IUDs.

The indicator looked fin.. but the
birth rate, the actual target, was
hardJy affected.

Indicators are both ImpOrtant
and dangerous becawe they sit at th.
center of th. decision-maklng pro-

cess. Nearly every human decision
is intendt:d to bring some important

syru:m condition or state (literacy of
the population: pollution tn th.lake;
national debt) to some deslned state.
Action is taken d.pending on the
dC='epancy between the desired
=te or goal and the ~lved alate

of the sysrem.

Indicators are often poorly chosen.
The choice and use of indicators
are processes full of pitfalls.

The perceiv.d stat. Is an tndl-
cator. It ma), not be measured Be·

curawy. It may measure not the ac-
tua! syru:m state. but some proxy
or associated state. (It's Imposslbl ••
for instance, to measure the exact
population of fish in th. ocean, so
we measure the catch and assume
the population.) The tndicator may
be delayed. It may be •noisy.' so Its
centnl tendency Is hard to deduce.
It may be deliberately or acciden-
tally biased.

If on tndlcator of the state of ,the
system is poorly chosen. Inacx:utallOly
measuml, delayed, noisy. or biased,

dedsions based on It cannot be effec-
tive. Misleading tndicaum will cause
aver- ••.uncieN'eactions. changes that

are too weak or too strong to bring
the sy=> exactly to the desired Slate.
W. can't at=' ~teIy. If we don't
!mow wbore we ••.•.

Pitfalls in the pro=s of choosing and
using indicators tnclud.:

O-.ggregatlOD. If too many
things are lumped tog.ther. th.ir
oombtned m •••• g. may be indecl-
pherabl •. The GDP is the classic ex-
ample. adding together money n0W3

caused by "good" economic changes
(more education. say. or better food)
and "bad" changes (more hospitallza-

tions from automobile accidents).
Another exam pl.: "; •• suring the
strength of a fIShery by total tons of
fish caught may disguise the ract that
mare valuable species are diminish-
ing. but smaller. less desirable fish are
being substituted.

Meuuring what Is measurabl.,
rather than what Is lmpol'taDt. Th.
azu ooven:d by rorest rather than
the size, dive~lty. or health of the
trees; tons of hazardous chemlcah
rather than toXicities: the amo!1"t
of money people have rather than
the quality of their lives; the
amount spent per school child
rather than aetualleamlng.

Dependence on a fabo model.
We may think that the birth rate re-
fleets the avallablllty of family pIari-
ning programs. when It may acwally
relJeet the rr-lom of women to use
those programs. W. may think the
price of oll tells us about the under-

ground abundance of oil. when it

primarily tells us about the built ca-
pacity of oil weIJs relative to the built
capacity of oil-consuming d.vices.

Dellberat. falslflcatioD. If an
Index carries bad news. someone may
be mnpted to alter It. cIelayit. change
terms or definitions, unfund it. lose
It, or otherwise suppress It. For ex-
ample. the U.S. counts •• unem-
pl~ only those people who are ac-
tively looking for jobs. not those who .
have given ';p looklng. Some govern-
ments have been known to report ag-
ricultural yields based on five-year
pions. rather than ae:tual harvests.

Diverting attention from direct

experience, Indlcators may mesm";'"
Ize people with numbers and blind
them to their own perceptions. The
stock mark.t Is going up •. so the
economy must be in great shape. de-
spite the fact that many of us are de-
cidedly poorer.

Ovaaonfldence. !ndlcators may .

lead people to think they know what
they're do~. or to think what they're
doing is worklng. when tn fact the
tndicators may be faulty.

Incompl • ...-. Indicators are
"'It Ib- ruJ JY"m'- J'hey may miss
many of the subtleties, beauties. w0n-
ders, warnings. diversities. possIblll-

ties. or perversities of the n:aI system.



The choice of indicators is a
critical determinant of the
behavior of a system.

Indicators are ievt=ge points. 1neir
preSenCe or abseno:, aa:uracy or inac-
curacy, •.•••or non-we, can change the
behavior of a system, for better or
W<>r>e.In r.c.. changing indicatoIS can
be one of the most powerful and at
the same time one of the easiest ways
of making sysu:m chang •• - It does
not require firing people. ripping up
physical strue:tUI'eS. inventing new
technologies, or enfon:ing new regu-
lations. It only requires delivering new
inf~rmation to new place:s.

For example. when a new U.S. law
required fNetyplantemittinglOXlca~
poIlUW1lSto listthose pollutantspub-
licly.an lndlc:8torwas Q"eaUld.Local
newspapers began reporting the
"tpp ten polluters." Companies
aaed qulddy to get off that Ust,and
toxic emissions deC"eased by wet:
40 percent In Wee years. though
rhere was no law against them The--=" of the IndicatorW8S sul'fi.
cient In Ilself to change behavior:'

Sirrilar1y.when new Dutch houses
wece bultt wtttI the electJ1c meter In
the front heUwhere ~ was easllyvis-
Ible (instead of out of sight In the
cellar)•.-ectt1cttyuse InlIlOsehouses
~ doWnbyone-l!lIrdt1loUg/Jltl<n!
W8S no ~ In lhe Price of eJec·
rricIty.ThB-ewas simplya clear Indl·
cator of electricity use situated
where no one could a\/Oidseeing it.'

People can't respond to information
they don't have. They can't react of· .
fectively to infonnation that Is inad-
equate. They can't achieve goals or
target> of which they are not aware ...
They carmet work toWard sustainable
d";'oIopment II they have no clear,
timely, aa:urate, visible indicators of
sustainable development.

Comer.eiy, II there are good in-
dicators of SUSUlinabledevelopment,
It wW be almost impossible ""t to
make decisions and take actions that
make the indicators improve.

2. Indicators, models, cultures,
worldviews

The real act of discovery
consists not in tinding new lands
but in seeing with new eyes.

Indicators are partial reflections
of reality, based on wx:ertain and
imperfect models.

I EmtrpnrnmtTodg 6.nQol
{)on/FeI> 1995}: 16. Tho 40
pac:mt rec:tuetk»n w.- aclUevC
DOtIOn:aJdlbynGuc::tn&tbe
~ Gftalda lIS by
......., thom"""'~_
tho ••. tD "'-' by "'""""'"
••• tho""""'" (andhonco_..........-J. Tbb __

wu.teiaa aDOCber baIln::i cl

""""""" - blDmo behovlo<
~ DOt tD 1Olw. probMlm
but to...oc ~ by an•.•.......

The grade Is not the knowledge in
the head of the student. The stock
merket price is not the value of the
company. No indiatcr is the real sys-
tem. Indicaton are al:>roactions from

systems. Furthermore. they are ab-
straetioru from abstractions, from
models, or:sets of assumptions about
how the world work$. what is Impol'-
tAnt, what should be measured.

We experience the world
through models~ moSt of them fil-
tered through our senses and hidden

in oUr minds. We don't carry reality
in our heads, we carry mental mod.

e1a, assumptions ~bout the world,
based on our personality, culture,
language, training, and experience.

J 'I'bb st«y ••.•••toW in 1973.1t._..,..,.....-.bop ...
l<alWoAllc,~azxl ••
JOUn;:8it k:c - but apte:mf
J*lP&- WI J:t owr and. ovw I.IDdljt

bM_ •••••••

Our mental m~e1s are enormously
varied, which is one reason why we
have trouble agreeing upon common
indicators with which to inform our
decisions.

Some of our models are for=!.
written down or otherwise expressed
outwardly SO others can see them. For
instance spreadsheets. maps. written
papers. or mat!=.atical equaticns are
fonnal models.

All our mcdcls, mental and for-
ma!, are only mcdels. They are nec-
essarily incomplete. None of us has
perfect information. We don't under-
stand everything that is happening.

We're unclear about what causes
what. Ev.m with the help of comput-
ers, there Is • limit to the degree of
complexity we can comprehend or

process. If we somehow could as-
semble all relevant information. We



wouldn't be able to absorb its full
buzzing complexity. We would nave
to abstrnet and simplify, The aston-
lshing SU~ of our species teStifies

to our ability to do so accurately
enough to serve many purposes. The
record of our failures, accident3. SUT-

pri..~, and di.Sasters testifies to the

limlts of our mydeling ability,
It helps to maintain humility

about our models as we .search for

indicators of sustainable develop-

ment. Sustainable developmem is a
social =ct. referring to the long:

term evolution of a hugely complex
system - the human population and
~nomy embedded within the eeo--

sy>WTUand biogeochemical flows of
the planet. Our modds of this sys-
tem are and will always be incom-
plete. Our indicators will be imper-
feet. We will be making decisions
under un=inty. Our task is to re-
tiuce that un=inty. We will not be
able to eliminate it completely. at least

not arty time soon.

We need mzny indicators,

because we have many purposes
- but there may be over-arching
purposes that transcend nations
and cultures, and therefore there

may be overarching indicatm.

Football soores are meaningful indi-

cators to football fans and gibberish
to everyone dse, A farmer can =d
signals from a field of growing grain

that the rest of us don't even perceive.
Everyjiggle in stock price; carries vi-

tal infonnation only to those who
watch the market every day. An indi-
cator is useful only If It carries Its in-
formation to a mind prepared to re-
ceive it, educated to its terms and
units of measurement, and actively
engilt!l:dwith tile system Illuminated
by tlut indicatot.

T"nerefore we will probably never
""nleon a single global index of sus-
tainable development - too many
diffen:nt people work on different
problems and need different kinds

of information .. Some people are
more interested in •development, •
otb= in •sustainablJlty.· Some are
looking for •warning lights" teIJlng

when a key resource wIJJ become
scan:e or an ecosystem Is likely to be

driYeIJ into lneverslble collap.e.
Otht:rs ,are interested in the welfare
of iparticular city or nation, or in
bringing to public attention a par-
ticuJIr pocket of poverty or pollu-
tion or under-eapltalization.

So, rather than a single index, we

need an information system - one
at least lIS sophisticated lIS the system
that presently tracks flows of money
around the world - to inform vari-
ous decision ~ at various levels
with ..nous purpOses related to .us-
talnabIIIty and development.

Having said that, I must also say

something tha;sounds contradictory.
The com~ve tJ!Sk- brb,glng

about a aocioOconomlc system that

enhances quality of human life while
preserving natural support systems-
is particular to culture., and ecosys-
tems, but Is also, in es.<enai, the same
"""rywhere. Planet Earth operates by
just one set of physical and biologl-
callaws, though they rnanlfest lIS di-
verse ciiAu._ and ecosystems, Hu-
man beings have the same fundamen-
tal needs for sustenance and belong-
ing and meaning, though their ways
of meeting those needs are culturally
varied. Global tesources such lIS the
oceans and atmosph= are important
to everyone. Therefore It may be pos-
sible to derive from a multiplicity of
specific IocallndiClltOn an overareh.ing

set of global indicators that inform

common problems and purposes.
These indicators can report to all of
us, about the inaeasingly integrated
global socioeconomic system con-
tained within the undenlably inte:-
grated global biogeochemical system.

I suggest a few overarchIng indi-
cators later in this document-

We need many indicators
because We have ",any
worldviews - but ind{cators may
help nantlW the differences
between worldviewS.

The deepest reason why people need
d1ffere:nt lndIcators Is that they have
different fundamentDJ world views or

panldigms. Worldvlews are mental
modds about the ve<y nawre of real-

ity.They tell us what the environment
is (limited and fragile or infinite and
robust. outside oursclws or continu~
ow with ourselves, a luxury at the
most basic of necz:ssities),what human
beings are (honest, devious. generous,
greedy. fallen angels. WJtecognized
buddhu, competitive rationalists.

myopic egotists), and how people and
nature should interact (through dc>-
minion. steWardship, harmony, pan-

nership, oompetltlon. exploitation,
love). Our worldviews ddine what is

Important, Vihat questions can be
asked, what goals are potsible, what

can and shouIJ '" ~
Worldvlews not only giVemean-

Ing to Information, they actively
screen infonnation, only admitting
whot fit> our precxmoeived models ..
Someone who is c:onvin<:ecithat tech-

nology can solve any problem, for ex-
ample. can read the newspaper and
flOd articles about wonderful new
technologles. Someone ·with a sk.ep-
tical view can read the smm ptipcrand
see nothing but articles about tech-
nical foul-ups. Each Is s~g for
the information that fit> his or her
paradigm. If contrary evidence does
~te our paradigmatic screens,
we hove ways of dismlsslng it or dis-

counting the people who present It '
to us. We .ee Information 'that
disconfirmsourworldvlew lIS the ex-

ception and information that con-
firms our worldview IS the rule. .

Therefore people of clifTerent
worldviews live literally in different



worlds. They see diff=nt thingS and
take their information from clifferent
indicators. Scientis:~ who see the
world as flows of energy will want
<lifferent Indicators than will econo-
mists who see the wqrld as flows of
money - who wUl want cljlferent
indicaton than will people who ••••
the world as flows of time or sociaJ
relationship> or moral obligation or
political power. Our worldviews don't
even we the same currencyl No woo-
der we argue ~bout Indicatorsl

Giventhemultiplidty of perspec-
tives, one option Is to disagree end-
lessly. We can promote our own in-
dicators and ridioule others'. Another
option is to acknowledge the inher-
ent ambiguity in the choice of mocl-
els and the design oflndicators.1fthat
Isdone. If worldviews and mo<lelsan:
exposed to view. If their plurality is
not only recognized but approciated,

Indicaton can play an ernandpatory
role. Different indicators giving con-
lllcting repom about: the state of the
global syst:r:m can provide an opper-
wnity to Inquire Into the underlying
moclels that procluced the disc:rep-

ancy. Indicaton can be a tool for ex-
panding. correcting. and integrating
worldviews.

(No",: everything written here

about worldviews is a worldview.)

Indicators need not be purely
objective, and in fact few of
them are.

It is conventional within a scientific
worldview to dIstinguiSh betY.een •0b-

jective and •subjective' Indicators.
Objective Indicators are sensed by in·
strUments outside the individual -
thermometeIs, voltmeters, counters.
dials, rulers. They can be verified by
others. They can be expressed in num-
bers. Subjective Indicators are sensed
only within the individual by means
that =y not be easily explained and
in units that are probably not numeri-
cal. Objective indicators primarily
measure quantity. SUbjective Indica-
ton primarily measure quality.

Objective indicators are usually
considered more reliable and valu-
able. They are certainly more easily
communicated and validated by oth-
ers. But there are Vital purpooes that
depend on subjective. qualitative in-
formation. The scientifIC woridview
isjust one ~ to see the world. a very
wefuI one. but: not comprehensive

enough to be used exclusively. A
choice to ~ attention~yto what
is measurable Is Itself a ~ubjeetlve
choice. and not a wise one. Every hu-
man being knows that some of the
most important things In life - free-
dom, love. hope. hannony. even the
beauty of scientific preclslon - are
qualities.notquantiti~

An indicato;' are at least partlaIIy
subjective. The very choice of an in-

dicator is based upon some value.
some inner human purpose that tells
uS what is important to measure. The
choice of what is important is inher·
ently subjective.

Indicator> of quality, •subjective

Indicators.' a", worthy of respect.
however hard they may be to define.
The fact that people consider some-
thinguglyor~utiful,rumnomow
or dissonant. noble or ignoble, is not
to be swept away as •mere opinion.·
If we guide our decisions omy by
quantitative indicators and not quall·
tative ones, we will produce a world
of quantity without quality. Many of
our social and personal problems arise
from the fact that We are well on our
way to doing exactiy that.

Despite their difficulties and
uncertainties, we can't manage
without indicators.

Indicaton an: har<lto define. They an!
based on uncertain models. Their se-
lection and use an! full of pitfalls. 1ney

carry different messages to diff=t
minds. These difficulties don't rhean.
h"""""". that we shouldn't use indica-
tors. We have 110 choke, Without them
we fly blind. The world Istoo complex
tc deal with all available information.

We have to choose a set of indicators
small and meaningful enough to c0m-
prehend. Rarhe.-~ cliscotmlgew. the

pitfalls and clifIi<;uItiesshould give w
ideas about how to Qeslgn better indi-

cators, and m~tion to <loso.

The search for indicators is
evolutionary, The necessary
process is one of learning.

A lot of planes crashe<l before people
learned what instruments tc put in
the cockpit. Many patients die<l be-
fore doctors figure<l out how to take
temperatures and bloocl tests. When
a system is extremely complex. it takes
trial, error. and iearnlng to produce a
serviceable set of indicators.

The human economy and the
planet Earth together make up a 5)'"

tem we can't afford to crash. We have
to learn from the ••..pelien,"' of local
economies and ecosyste..-ns (some of
which have crashed or are crashing)

and improve our indicators ilSl best we
can. using many types of hwn.an e:::-
perience and knowle<lge and ~oclels.

That is an enormous job. Whlie
we're learning. we should '\iew our L.,.

dicators and models with utmost hu-
ml1lty, We should open ournJves to
di.proof, which Isa faster way ofleain-

ing than looking omy for proof. (Sci-
en~ are trained not to prove a
theory but to try to <lisp"""..,it.) We
should subjectevety model, especially

our favorite ones, to as much scnJ~

tiny and as tough testing as possible.
There's no shame In having a wrong

model or a mlsleading indicator. orJy
In clinging to it in the face of contra-

dictory evidence. The more flexible
we can be. the faster we will fir..d good

sustainabie development indic:Jtol"'.



3~Why indicators of
sustainable development?

Development and sustainability
are old problems; now they come
togetlrer on a global scale and in
an urgent lime frame.

The world economy is doubling
roughly every twenry years. The
'worldpopulation is doubling every
foutty w fifty yean. The planet that
.supplies the materi.als and energy nec'

essary for the functioning.of .the
population a.'ld economy is not grow-
.ing at all. That means whatever plan-
etlU')' resource was one-fotllth-used a

generation ago is half-used today.
Whatever was".e sink was haIf·full a
generation ago is full today. What-
ever was full a generation ago is
overfull today.

Each successive doubling of the
human synein causes nlOWstresses and
raises nlOWquestions. or rather brings

two old questions together with new

Indicators of sustainable development need to be developed
to provide solid bases for decision making at al1leveis and to
contribute to the self-regulating sustainability of integrated
environment and development systems. .

urgenCy. Question one is Inw can _
prwiJ< suJJidmry. s<curity.good lives
tQ IZ1ip<opld (The devclopment ques-
tion.) The second is how can W<litH:
within th, rules and boundarW of th,
biophysical mvinmmmt? (The sw-

Uinabillty qUC3tion.) With the
economy globally linked, the ocean
fISheries depleting, the atmosphere
changing In composition, open
spaces filling in, and much of the hu-

. man populationstilllivinjl in p<M!I't)'./\
these two questions now come to-( )
getherwlth urgency. How<IUI_and
our childrrn litH:good lives without
nvding th<health and prod=tivity of
th'1'hysicaiplanet - and th<rif= th,
possibility ftr fia- gm=uions tQ kaJ
good/ivc?

The indicators we ncoedw answer
that question are not lmmedlately ol>-

vious, because the question Is so new.
It is new because most human !W-

tory thus far has occurred in a world

with few apparent limits. With
twenty-year doublings, however, the

human endeavor is rapidly approach-
ing and in some cases exceeding
physical limits. The unsustainabllity
of many of our activities is becoming
apparent. Suddenly we need indica-
tors that we never needed before.

·Sustainability" and "develop-
ment" are value words. Like all value
words - freedom, faimess, beauty.
justice. security, sufficiency. democ-
racy - they are subjective. nearly im-
possible to derme, nevertheless p0s-
sible to sense (or to serI58 their ab-
sence), and vitally Important. Taken
together - "sustainable develop-
ment- - the two words may. seem
contradictory but nevertheless must
be achieved together.

Good /ill<Iftr aIJp,"ple in harmD1I)'
with nalUrt. The urgency and scale
of achieving that goal chalienge old
models and worldviews. Hence the
demand for new ways of thinking and
the need for new indlcawrs.

Ecological sustainability is the domain of the biologist and the
physical sdentist. The units of measurement are dlfferent, the
constructs are dlfferent, and the context and timescale is dlfferent.

Sustainabi lity indicators must be
more·than environmental
indicators; they .must be about

time and/or thresholds.

Governments already maintain many

environmental and resource indica-
tors, such as the emission rate of sul-
fur dioxide. concentration of carbon .
dioxide in the atmosphere. concen-
tration of lead in drinking water, es-
timated reserves offossiJ fuelS..

An environmental indicator be-
comes a sustainabllity indicator (or
unsunainability indlcawr) with the
addition of time, limit, or target.
The central questions of sustainabiJ-

icy are: How long can ~ activity

last? How IDngM W<haV( to rapond
.bif"rt w' run into trouble? W'htrt arr
_ with resptct to our limm?' There-

fore sustainabUlty indicators are Ide-
ally expressed in time units. If we keep

on mining or fishing or logging at this
rate. how many yean will the resoun:e
last? I(W, keep emitting thb pollut-
ant It thb rate, how long before we
accUmulate a dangerow concentra-
tion in nature or in ounelves7



For example. 8 common resoun:e I,ndlcatar'Is the amount of foss~ fuel reserves
known and estimated - roughly1000 blllian_s of known oil reserves globally.
pius pert1lIps500 billionbarrels estimated butundiscovered.' This amount by Itself
is not a helpfulnumber. Itis too huga to bo imaginable. and It Is not related to our
own aetMties Of limits.

If we comp8le the esamated supply of 1500 billionbeITels to recent rates of oil
consumption. about 25 billion barrels per year.. we can put that reserve in terms of
a more understandable Index:yeatS of consumption remalnlng:

(1000+500)/25- 60 more yeatS of 011&present consumption rate.

If we assume not present consumption. but a rate of growtll slightly higher than
population ~ - let's •••y 2%/yeN on ••••.•ge ..,..we get a stlikingly different
number.

In(,02-60 + W02 - 38•.•years with 2'JbconsumpUon growth,

We may (and will)argue about how much """" 011might be discovered end about
what lI1efuture growth rate might be. DI1Ierentestimates will produce different
Indicated lifetimesfor the oil resource.,Forexample:

Suppose four Umes as mud> new oils discovered as Is currently
, estimated, but consumption growth ~s at S% per year:

(1000+2000)/25• 120 y••• at 1"-consumption rate, but

In(.05-12o +W05. 3lI.I years at 5% consumption growth.

Suppose twice as much new all Is ciscovered as is cutrentJy estJ· n
mated but alnsumpUon growthstays IS low as 1% per year: )

(1000+1000)125- 80 years at present consumpUon rate.

In(.01-80 +lV.01 - SB.8 yeatSat 1% consumption growth.

Even given greet uncertainties about future oUdiscoveries and future consumpUOn
growth, a few caiCJlationsof such an Indicatorof VITlit remaining get$ aaoss the
cen1llIImesS<Jga:the ~me Is bounded and limited to decades. not centuries. If oil
consumption keeps Increasing.

A usefullndlClltorInsUch an '"""","lly UI'lCOrtIlInarena ought to Q)'Ier the ••nga of
possibilities. Pertlapssomething likethis: Known end estirnatBd end specul4Uv8011
resarves will lest roughly 8Pprr»tJmateJy 60 to 120 years If !here Is no Increase In
conswnptlon. and 30 to 60 yeers If there is st8Bdy exponential growth In CDnSUmp-
CIOn.
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The IntergovemmenraJPanelon ClimateChange(IPCC)~mates that the wortd
economy would need to cut Its carDon dioxide emissions by 50% In order to
stabill.ze the Chemical composition of the aunospllere,1 If we define the sus-
tillnable emission rate as 1.0. that means our current emission rate is 1.6-
clearly beyond sustalnabmty.

Similarly. suppose that a fIShery's biology expertS estimate that the current
rate of fish harvesting is about 20 percent abOve the rate that would allow fiSh
populations to regenerate.' Sustainabltlty index. 1.2 - over the limit.

Distance from a SUStainability target can be expressed even more graphically
by ~howing a time trend related to 8 target. as in the following example from
the Netherlands.'

Ir they are not expressed in units of
time, sustainabllity indicators should
be related to carrying capacity or to
th •.••hold of danger or to tarB8U.
'Tons of nutrient per year released Irito
waterways means nothing to people.

Amount released relatlve to the
amount the waterways can absorb
without becoming toxic or clogged
begins to carry a message.

.""9et
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Development indicatllrs,should
be more than growth indi cators;
they should be about efficiency,
sufficiency, equity, and quality
of life.

In an empty world, development can

easily be confused with growth.
Growth simply mear.s getting larger

~ not necessarily getting better.
Most of our economic incUcaton;:. es-



To take 8 more ambitious example.
WacJ<emageiard Rees havedefined

Ecological Available Surplus orthe •ecologicalfootPrint"- a rough
estimate of the average amount of Footprint capacity Deficit

hmd required by a given mltian to Nation lhaIcapl fha/caP) (!la/cap)
supply allthat nation's physicalcon- Auslr1lia 8.1 9,7 +1.5
sumption (food, e""'ID', water, ma·,

Bangladesh 0.7 0,6 -C,1

I, terials, weste pl,trificatian).' If the
ecologicalfootprintIs laryerthan the 8<>ZiI 2.5 2,~ -0.2

. actual area of the nation", then that
nation must be either importing re- China 1.2 1.3 +(1,1

sources frorn outside Its borders Ganroi.y 4,5 2.1 .2.5
(which Is fine, tliS long 8Sthe export·

Indonesia 1.6 0,9 -0.7
ing countries' footprints arc smaller
than their actual ere8) or dmwtng Japan 5.3 1.7 -4,5
dawn Its own Of other countries' re-
sources (whidlls dearty unsustain- New2ealard 9,8 14,3 ~,5

able). Russia 5.0 3,9 ·2.0

Here are some Wackernagel and lJnItedStates 8.~ 6.2 ·2,1

C'Rees estll'T\l!tes of ecological foot-
prints related to land capacityfor se-
lected nations of the wand:'

tabllshed sev=J doubling, ago. ""'
denned around growth. with the
GDP per capita lIS the most oiMow
e=mple,

In a full world. development and

physical growth must be decoupled,

A:< economist Herman Daly has
pointed out, growth Is about getting
bigs.,-, development Is about getting
better." Devdopment lndic:at0I3must
begin to reflect quality. equity, effi-

clancy. and Sufficiency.They must shift
emphasis from money to physical
units and from quantity of material
throughput to quality of life, These
distinctions begin to point to, the real

PU7DSt of economic development.
which is not to have money but to
have be=' 1lves.This sort of rethink-

ing can also create openings for con-
cepts not only Df under-development
but of oveNIevelopment, and there-

fore for concepts Df •enough. •

• M WxIon>osU •• ol..
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Human
In a similar vein, the health·One of the fi~t anempts to indi-

cate actual human development
Development based magazine Prevention has

ratner than money flows is the Index invented en Index to measure

HumanDeve!opmentIndex.pia- Nation (HDI) the healthfulness of a nation's

neeIl!dby tne UNDevelopment lifestyle.It is on aggregation 'of

Progrtlmme,The HOiis a (faioy canada 0.951 twenty-one indicators. deter-

complex)mathematicalavernge USA 0,940
mined I<lrgelyby polling da1.8,

of three indicators: average life They include:1l

expectancy. average educe- Japan 0.938 Wnat percent of the adu~popu'
tional 8tt8inment. and GDP per

Russia O.BO~ lation:
capita. Here are some sample
HDI values for selected coun- Brazil 0,796 • do not smoke?
ujes (1993 data).l\

Indonesia 0.641 • engage In frequent strenuous
exercise?

China 0.609

0.473
• malntafn proper weight?

Kenya

0.400
• get 7·8 hoursof sleep a night?

Nigeria
• fasten seat bellS whlreriding

Af9~nistan 0.229 In 8 C2!1" '-,'
Somalia 0.221 • refrain from excess alcohol

consumption?

II UnUd NIldom ~t
~H_D<w~'
~ W)6. Now '10,,,, Oxton!u..-,.Pr-. 1996. pp. 136-
137.un.._U-" .
-uaw.from~
-.33 EootMInorStnct.
Emmouo,P_.



4. The challenge of coming
up with good indi~ators

It's easy enough to list the
characteristics of ideal
inc:!icators.

Most study groups on indicaton start
by making a list of the qualities of a
good indicator. Just about every in-
dicator repOrt contains a list similar
to the following.11

Indicaton should. be:
Clear in value: no uncertainty

about which direction i5 good and
which Is bad.

Clear in c~ntenC easily under-

standable, Withunits that make sense,

expressed in imaginable. not ey~
glazlng, numbers.

Compelling: .interesting, excit-
ing, suggestive of effective action.

Policy relevant: for all stakehold-
en in the sy=, including the lean
powerful.

Indicators must be simultaneously
meaningful in two different domains:
that of sdence and that of policy.

Feasible: measurable at reason-
able a>si.

Sufficient: not too much infor-
m'atian to comprehend, not too little

to gi~ an adequate picture of the situ·

ation.

1'DDeiy: c;;,mpUablewithout long
delays.

Appropriate in scale: not over-
or Wlder-aggregated.

Democratic: people should have
input !Xl indicator choice and have ac-
cessto results.

Supplementary. should include
what people can't measure for them-
selves(such as radioactive emissions,
or satdlite imagery).

PartIcipatory: should make use of

what people can measure for them~
selves (such as river water quality or
local biodiversity) and compile it to
providegeographic or time overviews.

. U For a de.flnhive list &JftCd

upon by alqe 1nCCr'n&ODnal
body of apuu. MIC -Tbc
!l<lUglo Pnnc!pl<o. • In B.
Moldan. S. Billbarx. on<! R

~. S-u..iuu,
I~A ~n _ u..17.j<d
m baJiuJnt .fSwu.iNl.bIL
Dn. •••,...,.,(SCOpE}.
ChJchau,- on<! N_ Y""".lahn
Wu.y.1997.

Hierarchical: so a user can delve

down to details if desired but can also

get the general message quickly.
Physical: money and prices ,are

noisy, lnfJat:;lble,slippery, and unsta-
bly exchangeable. Since sustainable
development is to a large extent con-

cerned WithphySical things - food,
water, pollutants, forests, houses.
health - it's best wherever possible
to measure it in physical units. (Tons
of oil, not dollars' worth of oil; years
of healthy life, not expenditures on
health care.)

Leading: so they can provide in-
formation in time to act on it.

Tentative: up for discussion.
learning, and change. (yVe should
have replaced the GNP index decades

ago, for exa,rnple, but it became too
institutionalized to do so.)

Db please! Not again ,new jndicators! I only
want to see simple indicators that can be used
by politidans and let the sdentists stop with
ever more complicated stuff!

•• H.!load. ·F1r.dIn(!r<lJ=on
cfSu.wnable Dnelo,..,.m.·
c...a-lo< Enwo""""'" '
s,.um.R.oe.ucl>. V_of
K.ud. dnl\, Sepumbu 1997.

It's not so easy to find indicators
that actually meet these ideal

characteristics.

Having made a list like the one above,
the typical indicator study group dis-
bands. encouraging someone else to
come up 'Nith actual indicators that
n:>eetall these wonderful criteria. Or
alternatively, the study group pro-
ceeds to recorn.mend a long list of in-

dicators that don't meet the criteria.

As one of OW' Balaton colleagues has
written: ·Intemati~'?iaJ organizations,

dependent on consensus of their
members, assemble indicator sets that
measure the noncontroveI"$ial issues

in overwhelming detail, 'while leav-
ing out information on controVersial

i.s.sues..lt's like cramming an airliner's

cockpit with ship chronometers,
cuckoo clocks, swatches, hour gl=es,
and thermometerS, Without making
sure that vital instruments like air-

speed indicators and compass are on

board:"
Having tried the exercise our-

selves. however. the Balaton work~
sho·p.members found ourselves in
sympathy Withothen who have failed
to come up with perfect indicators.
It was easier to complain about other

indicators, to spew out theoretical
lists of hundreds of (mos'tJy unmea-

surable) indIcaton, or to philosophize
about the Ideal Indicator, than it was
to produce • limited, comprehensible
number of compeillng, effecti"" in-
dicators. Our unde.rstanding is im-



p"-liect. our worldviews get stuck. sys.
tems are complex, people disagree, we
fall back on our narrow specialties,

we fail to summon the enonnOLlS cre-
ath·ity we need. One wants to throw
up one's hands and go do something

easy.
To keep ou •.••lves from ducking

the difficulties, some of us created,
at irregular intervals throughout the
work.shop, an imaginary challenge to
come up with ten, just ~en, crucial

indicators we would recommend to
the nations of the world, ~or else be'
shot at dawn." Under that pretended
pressure. most of us did produce in·
dicitors.1S We were unhappy with
our forced l.ists and pleaded for more
time. We repeated the exercise and
our lists changed as the workshop
proceeded and we thought more

deeply. We didn't like to be forttd to
produce (who does?) but in fact even
our imperfect suggestions were prob-
ably improvements on existing indi·
cators. And the forcing exercise

brought out questions. consider-
ations, doubts, and ideas that led us
to more creative indicators.

If you aren't too dignIfied, I
would recommend the "ten indica-
tors or be !hot at dawfl exercise when

you find you"ejf boggIng down.
Otherwise It's too easy to indulge in

theorizing or politicizing or some
other evasive activity.

Most of us already have
indicatOrS in the backs of our'

minds, "beloved indicators" that

renec:t issues of great concern to
us, It's important to get them out
on the table.

We noticed each time we did the forc-
ing e>=Ci.sethat we each had "beloved

indicators: which we kept putting
back on our lists because wejust plain
wanted them there. (See the list on

the next page.) These indicators were
different for dlfIerent people; they
may not be the best ones to put into
the COCkpitof the sustainabllity jet-
liner. but they are worth paying at-
tention to. When we try to explain
w},ywe want them, we fmd ourselves
bringing out our deepest worldviews
and values. They may suggest practi-
cal indicators of great importance-
or at least once they've been acknowl-
edged and talked through, our minds
can be at rest and ready to think about
other indicators.

U Son:. of us c:onNdcn:I the
whole CQ:"Cbc undJ.sn!Aed IIbd
_,. ••••••••••••. CJ<b",
<kdand that the ~ of
c:hoosing irIcUcatOn •••• IDCII't:
in::IpOrUnt to than than the

poduct - •••••••••••• -
br'ClIdbueof~ •••
nIX pr-.em at the wcrl.Ulop.

Here are some or the beloved indicators that partiCipants in the Balaton work·
Shop kept insisting upon (which may tell you more aOout us than abOut sustain·
ability incJicator.»:

• Percent of the food supply that is grown organically. We are worried abo~
the effects or chemical 8gricultu~ on ecosystems and hUl'T\Cln health.

• Percent or streams you can drink from safely. Seems to us It should be 100
percent..

• Average age of the trees In the forest. Old ones signify to us undlsturned
ecosystems. too many young ones signify unsustainable forestry.

• Population trends of migrating songbirds. 10 us life-would be unbearably sad
without songbirdS, and mlgratJrig birds ,are sensitive' measures of e~viron-

_mental health over large areas.

.• FOOd miles (average distance iPln Item of food travels before being eaten).
Local food is likely to be more fresh. nutritious. good-tasting. end resllie'1t to
supply Interruptions. It has elso used less p8ck21ging arid tItInsport energy.

.• Average distance between creators and consumers of ort end media. Prefer·
ebly there is no distance at all - a measure of community. partidpation.
Identity. self--expression.

.• Per~nt of ejections In which you get to vote tor a politican you really trust.
This one could be en embarrassing Indicator of real demoaacy.

.• Average distance between living places of memberS of extended femily. For
affection. social resilience. and energy eftidency. the dpser the bener.

~ Average number of minuteS spent daily in pt'8,Yer. meditation. or quiet time:

• Percent of people who say they have "enDlJ9h.• We wonder W a 50CletyIs
happy W significantnumber5 cfpeople. howeverrlch.COnst8n~YWllnt·more."



Indicators can take many foons.
They don't have to be numbers.

They can be signs, symbols,
pictures, colors.

We thought of many dUTerent types
of indicato,. - digital and analog.
monetary and physical, aggregated
and disaggregated. static and dy-

namic. additive and multipH~tive,
normalized and abSolute,

Wepartlcularly distinguished be-
tween three types of indicato,. that

, would be necessary in any airplane
cockpit;· for wh.ich there are obviow

analogies in sustainable development:
,-gauges and warning lights to sig-

nal obstacles or,dangers ahead:
• indicators of the comfort and

safety of the passengers:
• measures of the lleading and dis- .

tan"" to go toward the destination.
We got into long. llot discussions

about the meaning of symbols (more
about this later). We began to imag- '
ine different ways of presenting indio
cators - illuminated control panels,
hypertexted Web pages. pi=. dy-
namic models, maps, compasses. We
taIl<edabout the power of the famous
Bu/Jajn of AJ.om;, Sdmtim -Minutes

to Midnight' clock that powerfully,

if qualitatively, m"",ures the politi-
cal tension of the nuclear arms race.
We thought of the creative ways that

TV weather repo""" deliver complex
infonnation.

SW'C!yas much effort and inge-
nuity ought to go into reporting to

the peo[>le of the world about their
welfare and the swtainability of their

planet as goes into reporting to them
about tomorrow's weather!

What is needed to inform
sustainable development is not
just indicators, but a coherent,
information system from which
indicators can be derived.

As we went back and forth, suggesting
specific indicators. then backing off to
talk about the philosophy of what we
were doing, we realizi:d that we were
searching not just for indicators but
also for an information system about

sustainable development, of which in·

dica= arejust one part. That is to say,
we were talking about the d~ not
only of the instrument panel (indica-
to,.) that governments and dtizeIU

,need to see to steer the ship and avoid
obstacles.. but 'also the design of the
background wiring (information sys-

tem) that collects and sorts informa'
tlon and delivers it to the panel

We saw that we were working on
three levels.F= we were evolving ideas
for process, UnI<age, and worldvlew
expUcatlon that could ald the SC3IclI

for indicators. Second, we were dM-

oping a framework (a model) to orga-
nize and link together an entire sustain-

able development informatlon system.
Third, we were coming up with Indl-
calors. Our discussions on these three
1evelsoonst1~ the next three ~ons
of this report.

5. Suggestions for indicator
process and linkage

Everything should be as simple as
possible, but not simpler.

HIERARCHY: COHERENCE UP
AND DOWN THE INFORMATION
SYSTEM

The information system should be
organized into hierarchies of
increasing scale and decreasing

specificity.

Whether or not the world is actUally
arranged in hierarchies, our mental
models peraoive the world that way.
We see a hierarchy from the indi-
vidual to the family, the neighbor-
hood, ¢e corrununlty, the region. the
nation. the world. Or from the or-
ganlsm to the population to' the eco-
system to the biome to the planet. Or
from the employee to the division to
the fmn to the seGtor to the national

economy to the global economy. At
each ofth ••• levels, actions are taken

and information is needed. So we pie-
ture a nested set of indicators, each
informing the .system in focus· at its
own level (say, aetual water qU2lity
in this lake) and aggregating to in-
form the system at the next higher
level (average water quality in the
region's Jakes).

Aggregation is necessary to keep
from overwhelming the system at the
higher levels of the hierarchy. The
brain Cannot and need not process ev-
erything happening to every cell in

the body. The leader> of nations can't
keep track of every family, species,

business. or lake. But actors down the
line, in the family, near the lake, need
detailed information to keep their
part of the system functioning well.

Aggregation must be done with
care. because information is lost at
each stage. Ideally only imporrnnt L'l-



formation should be passed up to
higher levels, but whar information
is L"'portant will change over time
and with different p~rposes. There-
fore it should always be possible to
go down •.• ma,,)' levels •.• necessary
to see the nwnbers thar have been put

together to make the agg~Bate indi-
cator and to create new indicators.
(For example. it should be possible
for anyone to fmd out nor only that

the CD? went up. but wkuwent up

- home COnstruction or weapons
cOnstruction. cleaning up after natu~
ral disasters or cleaning up the envi-
romnent.)

-Clicking a hypenext page-is the
pr.rase we used to indicate our vision
of the way a.user could navigate a hi-
cra.rchical information system.

The main ~cockpit" would Show the
most c:ritk::aJand aggregated indica-
tors (say. for example, the quality
and adequ3cy or human capital). A
~cJick" on that indicator would open
a more detailed set or Information
(say, size of population and primary
attrlbutes - age. sex. health status.
education. Income. employment).
AnOther - click" on health statUS"
could open boxes of Information
about age·spec::lflc:: mortality and
mo:'bidlty r~[es and causes. Further
&clicl<S" courd give ttle same In(or·
mation abour speclfic geographic
sub-areas, And so forth.

Suggestions for indicator process and linkage

Information from the hierarchy at
all levels should be available to
people at all levels.

Like a libfar)'. an information system
rich at every hierarchical level yet
clearly organized so ~t one can fmd
one's way among the levels. would be

maximally useful for matching di..
verse kinds of information to the di-
verse pUrposes for which people need
information.

One of the pitfalls of such a flex-
ible information system, however, is
that it can be manipulated. It allows

the user to choose only those inclica-
ton that serve"a pre-<::onc:eived out~
come. Selecting infonnation to jw~
tIfy only one point of view is a trap
that even well-meaning users can fall
into. The only way to get around it is
to be sure the information system is
accessible to users with many points
of view. Then multiple interpreta-
dons can emerge and can be <iisc:uMed

not at the futile level of throwing con-
tradiaory statistics at each other. but
at the level of examining the models
and purposes that cawe those statis-
tics to be seieeted from the full set
available.

Making sure that "cockpit incli-
caters,' the aggregated ones at the top
of the hierarchy, are comprehensive
can abo help overcome the all-too-

h~man tendency to pay attention
only to the news you want to hear.
l!. for example. economic productiv-
Ity inclicators are improving nicely.

It comes back to local
knowledge. People have
said that the beaches are
more pollured than what
they've been. I could
have told you that.
Because I've seen from
upsralrs for thirty years
and looked out the
window every day and
seen the color of the sand
change color. Whereas it
used to be like everyone
imagines sand. it's now a
brawny color.

but indicators of the security of
households, ""y. or the Integrity of
communities are falling apan. and If
the cockpit indicator blends those
two sources of information, then at
least the question wlll rue. -why isn't

this indicator rising, when t~e
economy is doing so well?" Presum-

ably a scan of the indicators at the
next level down in the hierarchy wlll
~nswerthat question.

Information should also come
from alilevels~ The pUblic can be
imponant contributors to, as well
as users of information and
indicators.

. ! ..........•.,. "

G~ents have the scientific and
'financial resources to gather informa-
tion that is inaccessible to citizens.
such as sat.e1.lite imagery or. radiation
leaks. Citizens can provide detailed
ground"truth that is inac~ible to
governments.

For example. e nongovernmental
organiZation called River Watch in "
the United States organizes high
school science teachers to Involve
studentS In regular chemical and
biological monitoring or a stream
near each school. The sctlools link
their findings through computer
netwOrks. thereby creating moni·
torIng net\lVOf1<.Sfor entire streems
and rivers. They have been able to
detect. changes In water quality
quickly. and even, by comparing
oats on successive reaches. to pin-
point the source of 8 problem
emission, If enough sections or
river could be covered this way.
tne Information could be aggre-
gated upw8rd Into. for example. en
index of what percent of the
nation's surface water Is of swim-
mable end drinkable quellty. end
hoYv that index is Chenglng over
time,n

Costa Rica has organized ttrough ..
" Its Instltuto Nacional oe Bio,·
diversldad(INSlo)thousands of Its
citizens 8S local nawralists. trained
to collect and preserve Insects.
plants. birds. end to send them to

taxonomists for CIBSsifiC!tion.
WOf1dngIntheir spore lime,the ,•.
borers. students. hOu5ewiYe5. 800

retired people InlhIs p<O!Jl1lmere
ataloguing the vest biologicaldi-
versity of their nation. They heve
discovered hundreds of MeN'spe-
des. The spedes catalog Is com-
puterized end made available Bt
libraries end schools throughout
the country. When the atalog Is
done. the dtlzen naunllsts an be-
come monitors or populOtionsize. '
breeding success, line! ether at·
lI1butesof bioiogicoJdive<slty."

Counts conducted by AudubOn S"
dety votunteers. originally In North

America. no......•throughout the
Western Hemlspnere. are proving
one or the mast reliable long·term
bird population data bases in ex·
Istence."



CitizeN could .urvey many thJngs at
the locaIlevd: s~U erosion, child nu-
trition. adequacy of housing, use of

local energy so';""". quality of roads.
water. jobs. schools. or forests. Citi-
zen monitoring not only can provide
excellent information at low con. It

can also contribute to the education

.of the people and to widespread ap-
preciation for natural and societal
wealm.

THE SELECTION PROCESS:
EXPERTS AND CITIZENS
TOGETHER

The process of indicator
deveiopment for social systems is
as important as the indicators
selected.

A. indicators are selected and defined.

values are expressed, purposes are

agreed upon. worldviews are at play.
and models are developed and shared
(implidtly or explidtly). Thereto",
the selecti~n process is the place
wh= leglt1mJlcy and comprehension
are bullt. as people see their values
and worl~vieW$ incorporated into the

indicators. The process of indicator
selection is also one of the key places
where social learning about indica-
tors and models takes place.

For l)ll these reasons - to be in'
clusive. to gather a full compilation

of viewpoints, to legitlmize the prod-
uct. and to enhance learning - the

mo~ people involved in indicator se-

lection the becter. Indicators for an
entJre social system should not be de-
termined by a small group of experts
or politicians or civil servants sitting

together in roo= out of contact with
the people who are expected to un-
derstand and use the indicators .

The indicator selection process
works best with a combination of
expert and grassroots
panicipation.

Many indicaror-defining groups have
found that they made greatest head-
way in fmding useful indicators if
they put tog~therexperu on the sub-

ject in question with interested non-
expertS.

Experts are necessary to supply
comprehensive understanding, per-

spective on the development of the
systt:m overtlme. knowledge of what

. data are available, realism about what

can be measured. and credibility to
the process. But experts. left to meir
own devices, can get lost in details.
can want to ?,easure everything that
is intellectually interesting rather than

what ls policy-cdevant, can invent
technical indicators mat carry no
meaning outside the expert commu-
nity, and can be blindered by the nar-

row spedfidty of one area of study.
Non-experts tend to push to

rna1<I!the indi..,tor relevant and un-
derstandable. The non-..xpert may be

more open than the expert to creative
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linkages and syntheses. more likely to
capture the 'big picture, - more likely
to be sure a diversity of interests are

represented. Just as the expert brings
scientific credibility to the indicator

selection process, the non-expert
brings political credibllity.

But integrating expert and non-
expert opinion has its costs and
must be done with care.

Involving' everyone-can produce dis-
proportionate representation of. some

stakeholders, too Iittle technical

knowledge. too much focus on inune-

diate interests, risk of incomplete map-
ping of the area of interest:. and no ho-

listic understanding. Furthermore, it
can be inordinately tlme-conswning.

may be difficult to enroll suffident
participation, requires skilled facilltaw

tion, tends to get stuck in prooess dis-
c~ions, and tends to produce low-
level ..cono-ete" indicators.

Some practitioners who have
weathered these challenges suggest
the following ~-step process for de-
v~OPing an indicator set.'" They rec-
ommend that the process be managed
by impartial facilitators whose role is
to coordinate meetings, guide the dis-

cw.sion, prepare background docu-
ments, and synthesize results.

1. Select a small working group,

responsible for ~e success of the
entire venture. The working group
needs to be multi-disciplinary, with

strong ties to the conunun.iry or au-

diet:Jce for whom the indicators are

intended. The working group is most

effeet~~e when it combines exper-..s

and non-experu from the outset, but

the critical element is long-term com-

mitment to the process.

2. Clarify the pUrpose of the in-
dicator set - whether it is meant [0

educate me public, prOVide back-
ground for key policy decisions, or
evaluate the success of an initiative

or plan. Different purposes give rise

to cUfferent indicators and publica-

tion strategies.

3. Identify the community's
shared values and vision. The indi-
cator set must be able to speak to the

hopes and aspirations of the people

it is meant to serve.

4. Review eri:ting models, in-

dicators, and d".2.. The working
group takes a look at other indicator

projects as examples to learn from. It
also reviews what indicators are al-

ready pubUshed locally and what ciata
are generally available.

5. Draft • ;et of proposed in-
dic';tors. The working group draws

on its own knowledge. the examples
it haS coUeaed, and the advice of
outside expens if needed to prepare

a first draft. The draft may go
through several revisions before it is

ready for the next step. In particu-
lar. initial indicator sets tend to be

vety long. In later d.-afts. they need

to be pnmed down and made more
focused and practicable.



6. Con~ne a participatory se-
lection process. The draft indicators
need to be presented to a broad cross~

section of the community for their
input. This process serves several im~
porumt goals. It educates the partici~
pants, gathers their collective creativ~

ity and expertise, and makes them

stakeholders in the success of the
project. Often it also gives rise to new
rel.ations~ps and alliances among the
participants and can even generate
new action initiatives to address prob-

lems Identified by the indicator>.
7. Perform a technlcal review.

An interdisciplinary team of knowl-

edgeable people sorts through the
proposed finaI draft indicators and se-
lects for measurability, statistical and
systefTlJc ~levance, etc., trying to stay

true to the intentions and prclerences
expressed by the citizen review pre>-
cess. The technical review helps to fill
in gaps, weed out technical problems,
and produce a final indicator set that
is ready to be fi""hed aut with data.

8. Research the data. At this
stage, the indicators are usually sub--

jeet to additional revision, driven by
data concerns and new learning.

9. Publl.<h and promote the in.
dicators. This requires translating
them into striking graphics, clear lan-

guage. and an effective outreach cam-
paign. It helps to link the indicators
to the polici"" and driving fo= that
affect them, to illustrate their link-
ages, and to pOint to the actions that
can be taken to improve them.

Suggestions for indicator process and linkage

10. Update the repon regularl)'.
Indic.aton make little difference, or
indeed little sense. if they"", not pub-
lished periodically to show change

over time. This requires an institu-
tional base that can be relied upon to
reproduce steps 8. and 9. an a regu-
lar basis. and to go back and revisit
the other steps as needed. Each new

version of an indicator report be-
comes an 0PPornmlty to ~vis7 the
indicators. develop new research
methods •.and add linkages. If perfor-

mance urge" have been set, they can
be assessed and, ifnecessary, adjusted.
And when targets are met, celebra-
tions can occurl

These steps may sound daunt-
ing. but they are being put into prac-
tice by hundreds of community. and
regionalwlevel indicator move~ents
around the world.21

SYSTEMS: MAKING
INDICATORS DYNAMIC

Systems insights can help in the
design of indicators that identify
critical linkages, dynamic

tendencies, and leverage points
for action.

Systems change OYertime. and it is of-
ten exaetlytheir dynamic behaviorthat

we want indicators of sustainable de-
velopment to tell us about. Is the popu_
lation or the economy growing more
or le:ssrapidly than i~ used to be? Are

We should not tackle
vast problems with
half- vast concepts.

weather patterns becoming more ~r less
variable? For how long can the fish
population support this rate of harvest,

and what happens if it can't?

System dynamics is a field of ex-
pertise that specialius in undemand-

ing the unfolding brJ".vjor """ timr
of wholr tyrtmu. Therefore It can be
useful in fmding linkage indicators.
leading indicators, and levensge -points
where systems are especially likely to
signal change or respond to aetlon.

This section contains a brief sum-

mary of some insights from system
~ynamics about how to design dy~

namic indicators.

Distinguish between stocks and
flows. Stocks are indicators of the
Slate of a system and its response

time. Flows may be leading
indicators of change.

Stocl<s describe the state. of the sys-
tern at any panicular time"':"'" the

amount of biomass in a forest, people
in a nation, factories in an economy.

money in the bank, water in an aqUi-

fer. greenhou.. gases in th,e atme>-'
sphere. Stacks are accum!&ations of
the past history of the system. The
sources in nature from which raw
materials are drawn are primarily
stocks. So are the sinlu in the envi-
ronment Into which pollutants are
poured. or the factorieS' and tools that
make up the productive capital of a
nation. Stocks are generally the most
countable elements of systems. and
hence they make obvious indicators.

Stocks are usually slow to change,
Even if CFC emissions cease today.
the acaunulation of chlorine in the
stratosphere will take decades to de-
cline. If a new energy so"",,, is in-
ftnted tomorrow, there would be a
tong delay before exlstiIig stacks of

cars and fumaw and indwtrial boil·

ers that bum the old types of energy
can be replaced. Therefore the siu
and lifetimes of stocks can give us
wefu) indicators of response rates-
how long it will take a system to cor-
reet a problem. adjust to a change, or
take advantage of a new opportunity.



Turnover time. which is stock size
relative to stOCk change rate. Espe-
dally relevant for understanding the
time tt takes for aquifers or surface
water bodies (or the atmosphere) to

flush out pollution. or for the time it
takeS for industrial capital stocks
(such as the automobile neel:) to be
replaced.

CoYerage lime, which is stock size
relatlve to the drain on the stock. Es-

p:eclally relevant to calculate ad-
equacy of supply. FOS511fuel reserveJ
consumption is an example already
given here. Foad reserves refative to
fOOCSconsumption (number of days
current supplies can cover consump-
tion). or inventory relative to sales
rate are athe( examples. Note always
the difference between coverage at
steady consumption and coverage at
exponentJally increaSing consump-
tion.

For lud!ng lndlcaton. ,we need to

monitor flO\NS- floW'S are the inputs or
outputs (measured per tilne Wlir) thar
ina=e or da:rease steeks. Harvest and

growth of trees. births and dearhs In
the population. construction and de-
preciation of capital are all flows thar
change.ux:Ju. Flows in rum are drtven
by other sux:lu. (free haIvesting de-
peru1son the nwnber of chainsaws and

Jogger> and ttucks. as well as on the
stock of trees in the forest.)

Advanoe warning comes from the
balance of flows affecting a stock. A

buildupof greenhouse gases in rhe at-

mosphere. for example. u predictable
when the rates of emission of those

gases begin to ex<:eedrheir nawral rates

of n:cycIing or absorption. Deforesta-

tion is indicated not when the forest

is gane. bur when the rare of harvest
fim e:xceedsrhe rare of regrowth.

Suggested dynamic Indicators:

HorvestIr~....won.the essential
measure of sUStainable use of a re-
newable resource. whether fiSh. wa·

ter, forest. soli. If the inaex Is abOve
1.0. the harvest is not SUStainable.

Emissio!"'absorption, where ab·
sorption means any process. nawral
ex human-mediated. that renders e
pOUutant harmless. This is an essen-
tial measure of the sustalnabUity of
lIfrj waste stream. with values above
1.0 Indicating unsustalnabillty.

Since some of these nows may be
hartl to measure directly (regen ••.• ·
Don in a fOlest. absorption in the soil).
they can be meosured Indirectly by
changes over time in the relevant
StoCk. Any resource stock that is fa/!-
Ing is being used unsuStiJiIlabJy. Any
pollution sink Char is m/ing ;s being

used uns.USL!inBtJJy_
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The stock-flow orientation is related

to the pressure-state orienration com-

mon to United Nations and other in-
dicaror systems. Stocks are measures
of system states. Flows are measures
of pressures that change those states.

Exponential growth rates (the

strengrhs of vicious or vir-Ulous
cycles) are sensitive points in

systems •.

A revealing indicaror in dynamic sys-
terns is the rapidity of exponential
growth processes (Which ry.,ems ana-
ly>rs call positive feedback loops).
Exponential growth u growth rhar

feeds on itself - the more you have,

the more you get. The two most ob-
vious places w~ere tharrypeofgrowth
occurs are population and economic

o,urpur. In fact, rhe most basic devel-
opment indicator is the ratio between

the twO - the rate of growth of out·
pur per capita.

Positive feedback loops drive
more than papulation and economy,

however. Teachers teaching more
reachers builds up rhe educational ca-

pacity of a nation. Knowledge leads
ro more knowledge. Narural popula-

tions, such as Usb or trees. grow ex-
ponentially, when rhey grow at all.

Epidemics prot:eed through posJ-

tive feedback loops - more sick
people infect m~re peopie. who rhen
infect more people. Pest populations
can explode exponentially. Desertlfi-

cation and other "erosion processes

can degrade soil in a vicious down-
ward spiral - fewer trees ,have fewer

roots. which are less able to hold soil
against erosion: less soil allows less
planr growth, still fewer roOts, still
more erosion. and so forth. Interest

on debt is also a downward exponen-

tial spiral. increasing ~e debt more

each year rhan rhe year berare, unless
repayments exceed interest charges.

Whether the cycle is ~icious or
virtuous. s.mall tit..anges in gro'wth rate
can signal large porential changes in

rhe system. For example, a growth
rate of 1 percent. per year means that

over a century the popul:..:lion (or

economy) will grow to 2.7 tirnes its
present value. A gro\Vth rate of 2 per-

cent means that in a Century the

population or economy will grow by

a factor of 7.4. A growth rate of 3
percent over a century will produce a

population or economy t'Henty times
its original size!



Suggested dynamic indicalors:

Doubling time or halving time.
Perce~: ::::"\anges are nard to lmag'
ine; OO:'::>llng umes are more eas-

ily uno~~oo::::. 1ne OQualing ume
of 2n e.:oonenual ~rowth process
is 70 t?lVlOec! oy tne gro'NU'l rate.
So a CJ~ grolNlng at 7% per year
will dou~e in 10 years (and cauble
again lr. 8n0U1e~ 10 years. if Itlat
groWtn ICte continues). A pooula·

tion groWlti;J a~3.5% per yeGf will
couble r,', 20 yezrs. An 8grlCuiWrai

yield gOl:"'19 up oy 2% per yea~will
double I.'"': 35 years.,

Sirriiarly. halving times or entities
that are decreasing exponentially
are 10 divided by the decrease
rate. A forest being cut by 3.5%
per year will be half gone in 20
years. Soil eroding at 1% per year
wiU be nal(gone in 70 years. A fos-
sil fuel resource being consumed
at 7% per year will be half gone in
10 year;,

(CalCulating C10ubling or halving
times aoes not imply that an ex·
ponential growth rate wi!l continue
unChanged ov~ any future period,
The point of a doubling or l:Ialvmg
time calculation is usually to poInt
out that it can't or shouldn·t1)

Exponential growth against a
limiting resource. A powerful
way to communicate tile implica-
tions of an exponential growth pro-

cess is to relate It to a fixed or
limIting resource - to ShO\ft( tne

exponentially shrinking resource
per capita. For eXiJ'1'1ple.Ha.wai'ians
understood the impliCatiOns of

.exponential population growth.
when they started plotting over
time the mles of beach per per-
son. China took population growth
seriously when It extrapolated fig.
ures for culCivab/e lalld and avail-
able warer per person. Many cJties

would be shocked to plot over
time their miles of road per car.

&he ralio of change rale to
response rale is a critical - and
usually critically missing-
indicator of the degree to which a
system can be controlled.

Rates of change around positive feed-
back loops are even more wefuJ in·

dicators when they are combined
with infonnation about possible re-
sponse times. in faa, Ih~combinazion

of r/u nuo - chang( ral( compared
wirh raponu 1'tUt - 'n'.JzJUJan int:iKA-
;:u.- of :he eonrro!J4biliry of the syrrm:.

During the 1970" the produc-
tion of CFC, in the world wzs grow-

ing byabout 7 percent per year, That
makes a doubling time of 10 years. It
takes a CFC molecule ten to ftfteen
yean lD rise from the earth', surfa""
up to the stratosphere, where It breaks
apin and starts destroying the ozone
layer. Given that growth rate and that
lag, ""problem tioubkd bifon: iuo.Jd
cvm b<m<luurul.

Clearly a system that is changing
faster than anyone can know or react
is a syuem that cannot be managed,
controlled, or proteCted against dam·
age, The amcept of change/response
as a =of~ safety has been

highly developed in the field of

Indicators and )nfol"m~tion Systems for Sust.ainable Developnlent

U Tlx_umJ""",,",
time ~ wu IIJ8SCIUd to
us by VwOuur B1eUOt and lhe
szaft' cf the Ccnu:t for Enerzy
"'" EtMnmm<nuI Swdla,

tJn>-Uy of e.-,..". ""
_N_1995,
drCt pnputId for OW'worUhop.

nuclear engineering, The time it takes
for a nuclear reactor to'-go critical-
and reach an irreversible rate of neu-

tron generation (in other ~ords an
explosion) is called the respite time.
The response time is the time it takes
for operators to notice a problem,
track down its source, and mobilize
control rods to absorb and slow down
neutrotU, A reactor with a response
time longer than it! respite time is
inherentiy unsafe."

So is any ,ystem in which prob-
lems are generated faster than they
can be responded to, Even If tech-
nologies are powerful, even if fman-
ciaJ reso= and polltical will can
be summoned, if a problem comes
on faster than technologies, money.
or will can take effect, that problem
will be unsolvable, The situation will
be equivalent to driving a car too fast
_ though the brakes may function
perfectly. obstacles can't be seen in

time w stop,
Therefore a powerful warning in-

diawr can be created from the rrzt< of
;ncruue ofa problnn JjvUl<J by ruponse
J'IU<. ThIs ratio could be measured as
rate of change in percent per year di-
vided by rate of response in percent
per year, an index that get:!critical as
It approaches 1.0, Or, If. as in the
ozone case, the problem Is a discrete
lag In detection or response, the ratio
CDuldbe measured as response timeI

respite time.

SUCh an indIcator could be applied.
fo~ ej.ample. to:

• me depletion time of any resource
relative to me time to oevelop 8 suO·

stitute:

• the nslnc eoucational needs of a
growing p~pulatiOn relative to the
~te of training teachers~~d buildIng

SChools;

• the spread of pesticide resistance
relative to me time to oevelop a new

pestidde;

• me doubling time of greenhouse
08S emissions relative to the re-
~on5e lags In the climate system
mat allows climate cnang'e to be de-

tected:

• population growth in a City relative
to the rate 2t which the city can add
infrasu\lcwre to handle sewage. gar-
bage. or traffiC.

Any system in which the rate of
grow& of a problem is significantiy

faster than the rate of response is.
quite ,imply, out of control. Then:
are only twO ways to bring it back
into the realm of manageability:
either quicken the response rate (if
possible) Ot slow the .growth rate of

the problem (or both),
The CDnceptof respIte time ver-

sus response time is new to many
manager; and missii>g from most in-

dicator sets - and obviously critia!
to any hope of achieving a sUStaln-

able society,



Watch for unbalan~d or missing _
control loops.

Complex systems, whether naeural or
humanwdesigned, are managed
through control loops (negadve feed~
back loops in systems terms) that
monitor the state of a system and act
to keep it in balance. A conunon ex-

ample is the thermostat When the
[ertlpera~ in a room falls, the ther-

mostat$witches"on the furnace. caw-

ing the temperature to rise again.
When the tempe;;'rure rises, the fur-
nace is switctled' off. Other common
control loops maintain blood sugar
level in the body. keep a plane flying
in its in=deddirection, and adjust
prices to e<juilibrate supply and de-
~d in an economy.

When systems behave pathologi-
cally. it is otte;> because balancing
negative feedback loops are weak or

missing. Overnshing is almost inevi-
table. if there is no system for regu-
lating the catch depending on how
many fISh there are. Forests may be
CUt down uneconomically if those
doing the cutting are not assessed the
value of the services prOVided by
standing trees (such as flood protec-
tion or carbon sequestration). Rivers
are easUy poUuted if there is no way
downstream popl;!ations can regulate
or claim damages from upstream pol-
luters. Those are all examples ofmiss-
ing indlcaton, which. once they are

restored. will supply the necessary
control loops to allow a system to
adjust itself automatically.

The famous dilemma of "the
tragedy of the commons' is an ex-
ample of missing feedback .conttol
when there is a common IaOW'Ce and
no price or penalty for use of the re-
SOW"Ce shan of its exhaustion.Z3

n G. HanlIn. "The 1ngody or
the Common.' .sa:.- 352. no.
3858 lDo=nl>« 1968): 1243-48.

A warning light on pumps taking
g:~unowater from 8n aquifer. to in-

Oicate whether tJ1e aqUIfer is fill-

ing (green). stable (yellow). or
faUlng(red). Ideallythe costor the
water would nse steeply 8S the·
light wms red,

A I'JlE![B'" on the daShboaros of C8t'S.
showing the instantaneous rate of

fuel consumption (measured In
money expended) - whichwould
give drivers feedbatl. on more and

less wastefUl driving habits.

A permitsystem for boats ina fish-
ery. cutting the allOWed number of

boats or fishing days If the fish
population falls.

ReqUiredstickers (pun:hased from
the municipality) on municipally
collected garooge. so that people
Who generate more trash have to
pay more for Its disposal.

Emission quatas for large-scale
pollutants sud1 8S sulfur dioxide or

caroon dioxide. the total amount
to be determined upon blophysl·
cal sustainability grounds. to be
auctioned off regularlyto the high-
est bidders. (Such8system would.
put a price on the' commons of
oean air and would allow the mar·
ket to distribute efficiently the right
to pollute. It would 81soprovide a
control mechanism to keep total
pollution within health and safety
guidelines.)

lnc1icators and Information Systems for Sust.ainable Development

Notice that in the above systems, the

indicator gains real force when it is
coupled with a fee or regulatory sys-

teI1.l.

An important indicator of the
resilience of a system is the
redundancy of its conuolling
negative feedback loops.

When an ecosystem loses species, it

may lose canuol mechanisms by
. which predatOr> and prey keep their

relative populations in balance. When
a village loses access to lands from
which it supplemented its food sup-

ply in times of famine. it has lost an
element of emergency self-.mainte--
nance. Resilience is lost wh~n family
member> are geographically scattered.
or when a waterShed loses wetlands

tha~ absorb floodwaters. or when a
nation becomes dependent upon a
single. imported source of energy. or
when a government fIXes a price SO it

can't respond to supply and demand,
or when a body's immune system is

compromised.
Remavlng or weakening feedback

loops that provide resilience is equiva-
lent to removing the fire detectors
and sprinkler systems in a building,

or the emergency cooling systems of
a nuclear power plant. or the health

care capacity of a society. or the in-
surance policies from a business. Re-
silience can be stripped away from a
system without immediate cost (ac-
tually saving cost) and without affect-
ing the functioning of the system.

until a crisis comes that demands that

resilience. At that pouit--tde cost caJ:l

be tremendous.
You can see why it is important

to sustainable development to have

indicawrs that measure resilience. If
immediate operating cost is the only

indicator. there can be great tempta·

tions to remove resilience or let it de-

teriorate in order to realize short-term

cost-saving.
Resilience is not commonly or

easily measured; it will take some cre-
ativity to invent good indicators here.

The only specific suggestion I can
thinK or here is to use a concept fa-
miliarta most economic·minOed per-

sons: Insurance, There must be
simple Indicators that calculate fpr an

enterprise how much Is being ex·
Penoed on Insurance and how ad·
equate that insurance is. (Companies
willing to cut comers in all others
areas rarely seem to stint on buying
insurance.) Could that concept 'be ex-
tendeO to families? Communities?
E.cosystems? Planetary geoprrysiC31

flo\vs?



f.lonlinearities in syst~ms (turning
points, thresholds) are key points
for the placement of indicators.

You can erode the soil right down to
the depth of crop roots Yl'ithout much .
impact. but erode it a linle past that
pOint, and c:ropyields plummet:

You can emit nutrients into a
str'eam. and I"-3tural bacteria will clean

them up, but if you emit too much
too fan, the.natural biota may be
killed off, and the stream turned into
a sewer where wastes pile up without
amelioration:

You can catch flsh and open up
ecological space for imrn.igration or
reproduction of more fIsh - up to a
point, after which the diminished

population may be unable to breed
or may be open to competitors, at
which point it plummets:
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Turning points like these mark
thresholds beyond which the behav-

ior of a system changes radically,
sometimes im!Versibly. Clearly we
need indicators that'Signai them vidl
in advance. These •distance from the

edge" indicators are like radar warn·
ing a ship or plane of an obstacle
ahead. The faster the ship or plane
(or economy) Is moving. the farther
ahead they have to look, to allow suf·
ficient braking or turning time. (Back
to the change ratelresporue ra~ dis-
cussion!)

lime to turning or irreversibility
, point.. If the threshOld or nonlinearity

is well understood. the time to reach
it. given current rate of approach,
should De calculable.

oeg_ 01risk. lrthe tlYesholdIs not
well understood. which Is often the

case (hOW many species Cln you
take out of an ecosystem t?efore It
collapses? how far Clown can you
bring tne fiSh population before It no

longer can restore itseln how much
money can you Bilow JXivate persons
to give to elected officials before all
tnJst in democratic govemment is
gone? how manygreenhouse gases
can you put into the atmosphere be-

fore you derail massive ocean cur-
rents?), the challenge Is to design
indicators that t~ the degree of
risk.. One posslbiiity Is to deliver In-

formation about Vle full range of es-

timateS (as the (pee $dentists have
done painstakingly in comm.micating
about dimate cNlnge), Even when
the uncertainties are great. consid-
ered guesses are bener than no in-
formation at alt.

A primary indicator of the long-
term viability of a system is its
evolutionary potential.

The resilience of a system.is its abil'
ity to re~r and repair. itself from
shoclu. Short-term resilience depends
on adequate controlling ne~ative
feedback loops, as discussed above ..
Long-term resilience depends .?n the
ewlutionary potential of, z.-sYnern .
_ tts abUlty to adapt to new condi-
tions, to create new species, sttUC-
tur"eS, technologies, or ideas - to

evolve.
The most important =son why

biological diversity should be pre-
serve~is because ~.e gene pool is
nature's raw material for evolution.
For human societies. evolutionary
potential lies in teclmoiogy, knowl-
edge. the. variety of organizations in
the civil society. foresight, toleranex,
and the mencal and socia1 flexlbWty
to be open to new ideas, to test them
quickly, to select the ones that apply
best tmder present and impending fu-
tuJ"t co~dltioru, and to evolve nev.'

ideas and institutions .. ,
To measure sustainablllty, we

need indicators of the potential for
evolutionary change. These have to
do with diversity, tolerana:, ingenu-
Ity.open-inindedness. education, and
truth-telling about the success or fail-

ure of experiments.



Ecological evolutionary potentJal
might be measured by tile rate or

. disappearance of Species relative
to the nuri'lber or species ortginally

there (equivalent to the rate of dis-
appearance of books 0( journals in
a IIbnlry). ..

Technological evolutionary poten.
tialmightbe approximated by sci.
entists per capita. basic researCh
expenditures per capita, inventions
or scientific prizes per capita
(thoughthe latter is a lagglnglndi.
e3tor. reneeting the training of the
past generation. not coming ones.)
A better measure Ulan any of the
above would get more directly at
creativity. originality. quickness or
pro~8ITloSOlving. elegance and In-
genuity or solutions. (Percent or
high-scnool students workJng on
solar c:aI!i7 Truly original inventions

patented per capita? Number of
startup companies based on com-
pletely new concepts? Average
length of time major technical
problems peISist before they are
solved'll

Cultural evolutionary potential
might be caPOJred in the number
of different races. cultures. reli-
gions that live together in peace
within 8 given geographIc area. A
leading indicawr of the brelJkdO\Nf1

of this potential might be the fre.-
quency of ethnic or culturat h8te-.J
talk in the public media. espeGialry
w,nen it comes from public lead-
e:rs. (Monitoring this indicator
would have provided earty warn-
ing of the development of the fas-
cist regimes in Europe in the 1930s
and the breakdown of Yugoslavia
Inthe 19905.)

~ 1.R.1lrown"al.. V.uJSp
Jm. New Yod:.;W. W. Norton
II<C4mp&ny. 1998. pp. H-'l5.

Wherever possible, indicators
should be reported as time graphs
rather than stalic numbers.

Time graphs show not only the
present' state of an indicator, but its

trend oVer time - improving, declin-

.ing. fluctuating, becoming more or
less WlStable. It's not really possible
to understand an indic::ator unless one

knows its dynamics. It is often espe-
cially illuminating to compare one
time trend .with an.other on the same

graph and same scale.
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Worldwatch Institute in its an-
nual report Viral Sigm devotes a two-
page spread to each of its indicators

(see below). One page is expla",atory
text. the other· shows the develop-
ment of that indicator over time, both

as a table of raw data and as, a time

graph. Other graphs on the page =y
di.saggregate the indicator to s~w its

constituent pan:s or provide some
other Wwninating infonnation. Z(

This is an economicz.1 way to
comrnWlicate a great ,deal of infor-

mation to a wide audience, and es-

pecially to give that audien~ a grasp
of the history and potential future of
eacl1 indicatDr.
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Indicators should be combined
with formall:lynamic modeling.

Most of the indicators mentioned in
this section are potentially powerf!.tl,
but not easy to define or Wlde:rsu.nd
unless they areaccompanied by a dy~
namic model that can help, for ex-

ample. spin out 'the future corue~
quences of present exponential
growth rates, or calculate the ability

of control loops to stabilize a system.
Models of this type are already be-

ing used to help understand climate
change. f15h population dynamics.
changes in the stratospheric ozone
12yer, demographic developments in
populations, and macro-economic

growth. '" The C<Hievelopment of in-
dicators and dynamic models can
help not only to identify trouble spots
in the system, but can help test,
gauge, and time corrective actions.

Action will be taken on the basis

of models in ""y ca>e. mental mod-
els or fonnal models. The search for

indicators is a search for better mod·
els, ideally dynamic models that can
help w understand the timing of
problems and solutions.
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