
2
Sustainability Indicators

2.1
Purpose and Properties of Indicators

D
ue to its com

plex nature the assessm
ent of any activity, as to

w
hether it is being carried out in a sustainable m

anner, requires a
detailed, m

ultidim
ensional investigation, follow

ed by a thorough
description of the findings. U

ltim
ately, the appraisal requires that the

processes be follow
ed over an extended period of tim

e—
it is the tim

e
elem

ent that distinguishes sustainability assessm
ents from

 evalua-
tions of m

any other activities. To be assured that certain agricultural
practices are sustainable m

ight require an investigation w
ithin a con-

trolled system
 that extends over centuries. D

uring the process of this
extended study, one w

ould follow
 all the relevant aspects of the agri-

cultural situation—
crop production, econom

ic stability, the social
situation—

and at the end one could m
ake a decision about w

hether
the practices are sustainable. C

learly, this ideal experim
ent w

ill not
serve the needs of the present. For the sake of all hum

ans on the E
arth

and for the E
arth itself, w

e need to know
 now

w
hether practices being

follow
ed w

ill be
sustainable. To satisfy this need, it is necessary to

devise m
ethods of predicting sustainability.

A
 careful selection and application of indicators of sustainability can

be a first step in developing the essential com
prehensive picture. A

s the
w

ord suggests, an indicator is a num
ber or other descriptor that is rep-

resentative of a set of conditions, and indicates or points to aspects of
an issue. T

he m
easurem

ent of body tem
perature as an indicator of

hum
an health is a good exam

ple to illustrate the w
ays in w

hich indica-
tors are used. A

 hum
an body tem

perature substantially higher than
37

oC
 usually suggests a health problem

. W
hile that single m

easurem
ent

is not sufficient to provide evidence of all types of illness, elevated body
tem

perature is a sim
ple indicator that a problem

 does exist for a w
ide

range of health issues. Individual tem
perature m

easurem
ent is further

lim
ited in that it does not provide any details about the nature of the

health problem
, but m

erely points to the need for further investigation,
an investigation that m

ight have additional qualitative and quantita-
tive com

ponents. In the end, as a result of the detailed study, a com
-

prehensive description of the problem
 and possibly som

e solutions can
be produced.

B
ox 2.1

Som
e w

ell-know
n indicators

•
Body tem

perature: an indicator of general w
ell-being of

hum
ans and other m

am
m

als, m
easured in units such as

degrees C
elsius

•
G

ross D
om

estic Product: a m
easure of the vitality of a

nation’s econom
y, com

m
only m

easured in U
nited States

dollars (U
S $) per capita per year

•
Fuel econom

y: a m
easure of the efficiency of a vehicular

engine, com
m

only m
easured in litres per 100 km

•
C

rop yield: a m
easure of the productivity of a particular

crop, typically m
easured in tonnes per hectare

Likew
ise, appropriately chosen indicators can be a m

eans by w
hich

sustainability is m
easured. A

s w
ith body tem

perature, w
hile m

easur-
ing the status of a particular subject any individual indicator w

ill be
unable to provide a sufficiently detailed description of the com

plex
and interrelated issues involved. Yet the sim

ple individual value can
act as a w

arning sign that leads to further study and action.
Indicators are useful in m

any w
ays:

•
A

s a m
anagem

ent tool:Indicators can be used to help im
prove

the quality of operations that are being carried out. T
hey can be

effective in helping to identify processes or areas under stress,
define opportunities for im

provem
ent, set priorities, allocate

resources and provide a m
eans of m

easuring accountability. 
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O
ne indicator or m

any?

T
here are various argum

ents in favour of having one or m
any indica-

tors, w
hich are sum

m
arised here:

•
O

ne com
bined indicator:

In one sense, the ideal sustainabil-
ity indicator w

ould take the form
 of a single num

ber that could
be w

idely dissem
inated, and w

hich w
ould becom

e visible to and
understood by as m

any m
em

bers of the relevant public as possi-
ble. T

hen, like a therm
om

eter m
easuring tem

perature, m
ultiple

additional m
easurem

ents could be m
ade in different places at

different tim
es, various situations com

pared, and progress or
regress follow

ed as the years pass. Such an indicator w
ould have

to be a com
posite, incorporating data describing a w

ide variety
of disparate issues. A

s such, it could som
etim

es be strongly
influenced by a sm

all num
ber of factors (or even one single fac-

tor), and could therefore be m
isleading in describing the true

situation. A
lternatively, the average values for m

ost of the fac-
tors could m

ask out one or a sm
all num

ber of different values
that m

ight be pointing to potentially serious problem
s. In either

case, the m
essage being conveyed by the single indicator is at

best unclear and som
etim

es undecipherable or m
isleading.

•
A

 set of m
any indicators:

U
sing a different approach, one

m
ight w

ish to define a large num
ber of indicators, each directed

tow
ard a specific, w

ell-defined issue. In this case, the full range
of ‘good’ and ‘bad’ values becom

es clearly evident, but it is at
the cost of increased com

plexity and reduced clarity. M
any

people w
ould not be inclined to study the com

plete data set,
and even w

hen they did, there w
ould be difficulties in inter-

preting, integrating and using the various pieces of apparently
unconnected inform

ation.
•

A
n interm

ediate approach:A
n approach to using indicators that

attem
pts to reconcile the advantages and disadvantages of single

and m
ultiple indicator m

ethodologies involves beginning w
ith

careful collection of as m
uch detailed data as possible. T

hese raw
data are com

piled in a w
ay that should m

ake them
 w

idely avail-
able to those w

ho w
ould w

ish to exam
ine the subsequent

processes of data treatm
ent. Based on the prim

ary inform
ation,
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•
A

s a research tool:
T

he integrative nature of indicators m
akes

them
 appropriate as a m

eans of sum
m

arising com
plex data. T

he
opportunity to com

pare quantitative data pertaining to differ-
ent regions and over tim

e becom
es the basis for the develop-

m
ent of hypotheses that describe factors contributing tow

ard or
against sustainability.

•
For educational and m

otivational purposes:W
hen an indicator

integrates and sim
plifies the various aspects of a particular issue,

it becom
es a m

eans by w
hich inform

ation can be provided to
stakeholders and the general public in a sim

plified and highly
visible form

. In som
e cases, the indicator value m

ay be all that
the public gets to know, or even needs to know

; in other cases,
the value m

ay provide the rationale for further investigations.
Publicising appropriate indicators can be a stim

ulus for action.
For exam

ple, A
m

erican law
 requires that industrial plants em

it-
ting toxic air pollutants report the specific contam

inants being
released. W

hen such inform
ation becam

e publicly available,
environm

ental groups com
bined the data into an indicator

show
ing total release of toxics by various com

panies. T
he m

edia
publicise the indicator inform

ation, using headings like ‘T
he

Ten Top Polluters’. T
he w

idely dissem
inated publicity generates

a rapid response from
 com

panies on the list and as a result,
em

issions of toxic air pollutants are frequently reduced substan-
tially in the follow

ing years. 
•

For project assessm
ent: By setting objectives for a project, estab-

lishing indicators that can be used to m
easure attainm

ent of the
objectives and then m

aking quantitative baseline m
easurem

ents
follow

ed by corresponding m
easurem

ents throughout the pro-
ject, it becom

es possible to develop an accurate picture of its
progress and success.

•
A

s a planning and policy instrum
ent:A

rising from
 the previous

four purposes of establishing and using indicators is the possi-
bility of using data obtained from

 particular studies for future
planning and policy developm

ent. T
he policy aspects are closely

related to the educational functions of indicators. If there are
sim

ple m
easures of the status of sustainable developm

ent in a
given situation that have been established in a participatory
fashion and are w

idely dissem
inated and publicised, policy

m
akers can use these both to create and to justify policy decisions.
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situation, a state indicator does not provide inform
ation as to

the cause of a particular problem
.

•
R

esponse indicators are the third category, and these show
 w

hat
is occurring to counteract the pressure—

usually som
e type of

rem
edial m

easures that are designed to alleviate an adverse
stress. T

herefore, w
ith w

ater availability for irrigation, a typical
response w

ould be to initiate various types of w
ater harvesting or

w
ater efficiency m

easures. If these are quantified in som
e w

ay,
the data can be transform

ed into a response indicator. In m
any

cases, response indicators provide positive inform
ation in reaction

to indications of stress or of an unsatisfactory state.
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indicators are then created using m
ethods that w

ill be described
in a later section of this book. T

he indicators are evaluated and
key ones selected to be com

bined in a rational w
ay, form

ing a set
of com

posite indicators. Further aggregation of the com
posites

m
ay be used to generate a sm

aller num
ber (even one, if desired)

of broad-based indicators. If the entire data set is m
ade available

along w
ith a transparent description of the procedures used for

generating and aggregating the indicators, then the inform
ation

can be em
ployed at various levels, depending on the purpose for

w
hich it m

ay be required.

D
etails of the processes of generating and aggregating indicators are

described later in this book.

Types of indicators

Indicators are used to display different types of inform
ation, and can

be grouped in various categories. Frequently, three categories are
defined:

•
Pressure (or stress) indicators

m
easure activities or processes

that have the potential to drive the situation under study
tow

ards a particular conclusion. For exam
ple, if one is attem

pt-
ing to m

easure groundw
ater availability for agricultural purposes

in a given area, a pressure indicator m
ight be the total annual

am
ount extracted in that defined region, m

easured in cubic
m

etres per year. A
 series of such m

easurem
ents m

ade over an
extended period of tim

e m
ight show

 increasing dem
and that

could eventually lead to depletion of the groundw
ater resource.

In this case, the w
ater-use param

eter points to a possible cause
of stress that could adversely affect a given system

.
•

State (or com
position) indicators are indicators that m

easure
the state of the system

 at a given tim
e. U

sing our exam
ple

regarding groundw
ater availability, m

easurem
ents of the depth

of the w
ater table w

ould be a state indicator. W
hile inform

ation
about the am

ount of w
ater extracted each year indicates a

potential problem
, the state indicator is a m

ore direct indication
as to w

hether the rate of extraction actually exceeds the rate
of recharge. W

hile it provides a direct m
easure of the current
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B
ox 2.2

Types of indicators

PPrreessssuurree  iinnddiiccaattoorrssshow
 potential or actual stress that could lead to

problem
s.

SSttaattee  iinnddiiccaattoorrss  m
easure conditions w

ithin the system
 being studied

at a given point of tim
e.

R
esponse indictors describe m

easures that are being used to alleviate
the stress or to im

prove the adverse state w
ithin a given situation

In a sense, w
e can think of the three types of indicators as m

easures
of the past, present and future. Pressure indicators show

 w
hat has

been done, and continues to be done, to generate a particular situa-
tion. C

arefully chosen state indicators describe the present status.
R

esponse indicators show
 w

hat is being done to relieve a stress, and
therefore look tow

ard future im
provem

ent.
In any com

prehensive study, including studies of sustainability, it is
useful to include indicators in all three categories. Together these can
provide a m

ore com
prehensive picture of the history, current state

and future prospects of the situation or process under study. Taken as
a group, a com

prehensive set of indicators involving all three types
is frequently referred to as a set of Pressure-State-R

esponse (PSR
)

indicators.
T

his division of indicators into three categories is w
idely but not

universally used. A
m

ong other proposed classifications of indicator
types is that used by the E

uropean E
nvironm

ent A
gency. T

his agency



that could be used to predict possible future changes. O
ne type of

surrogate indicator that can be used to predict stability of crop
production involves assessm

ent of soil properties—
depth of topsoil,

organic m
atter content and nutritional status. W

here these properties
are less than ideal, one could expect that m

aintenance of high yields
w

ould be unlikely, unless, of course, rem
edial action is taken. 

A
nother type of secondary indicator, som

etim
es called a crypto-

indicator, is one that on the surface has no connection w
ith the

process at hand. H
ow

ever, such indicators m
ay be used to reveal an

otherw
ise hidden issue. Increased attendance at a tem

ple, m
osque or

church has been suggested as a w
ay of indicating a real or perceived

problem
 in a local society—

som
etim

es a problem
 that m

ight other-
w

ise go unnoticed.

2.2
Steps in D

eveloping Indicators 

Conceptual overview
 and category selection

It is im
portant to re-em

phasise that, in any program
m

e of assessm
ent,

indicators should not be chosen w
ithout first developing and clearly
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assum
es a five-fold fram

ew
ork (D

PSIR
) that considers cause-effect

relationships betw
een the interacting com

ponents of econom
ic, social

and environm
ental system

s (Sm
eets and W

etering 1999). U
sing an

exam
ple of indicators to provide inform

ation about drinking w
ater

quality, the five divisions are:

•
D

riving forces of change (e.g., industrial production statistics)
•

Pressures on the system
 (e.g., discharges of w

astew
ater)

•
State of the system

 (e.g., w
ater quality in lakes and rivers)

•
Im

pacts on population, econom
y and ecosystem

s (e.g., w
ater

unsuitable for drinking)
•

R
esponse to the pressure (e.g., w

atershed protection/environ-
m

ental law
s)

U
sing this classification, the relation betw

een the various types of
indicators becom

es clear. E
ach com

ponent of the sustainability cycle
influences the next one. In particular, the initial issue described as the
driving force for a sequence of consequential effects can eventually
lead to a response that w

ill in turn have an effect on the initial force.
In the case of indicators related to drinking w

ater quality, the response
of w

atershed protection should bring about positive changes as the
m

odified cycle revolves again. T
he relations and feedback aspects of

the five D
PSIR

 com
ponents are illustrated in Figure 2.1.

T
his D

PSIR
 classification is really a m

odified version or an expan-
sion of the PSR

 system
, w

here pressure and state indicators have been
subdivided into som

ew
hat m

ore specific com
ponents.

Secondary indicators

In som
e cases it is difficult or im

possible to m
ake a direct m

easure of
a particular com

ponent of sustainability. For exam
ple, w

e w
ill see later

that the m
ost direct m

easurem
ent of stability of agricultural produc-

tion is a tim
e series show

ing yield over an extended period of tim
e.

T
im

e is the issue, and one w
ould not norm

ally expect to m
easure a

system
atic trend show

ing changes in productivity unless data w
ere

available covering several decades. In m
ost cases, there are only lim

-
ited data available from

 the past, and collecting data w
ell into the

future w
ould necessitate a lengthy process until sufficient inform

ation
is obtained. In cases like this, one could look for a surrogate indicator
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D
riving force

Industrial production

P
ressure

D
ischarge of w

astew
ate r

S
tate

W
ater quality

Im
pact

U
nsuitable drinking w

ater

R
esponse

W
atershed protection

Figure 2.1
T

he com
ponents of the D

PSIR
 system

 of classifying indicators. T
he exam

ple
used for each com

ponent is that of drinking w
ater quality



•
D

urability
A

ny crop production process is from
 tim

e to tim
e

subject to stresses of various types, such as those
due to w

ater or to pests. Sustainable system
s are

intrinsically resilient in the face of such stresses.
•

C
om

patibility
Sustainable agriculture should fit in w

ith the
hum

an, social and natural environm
ents w

here it
is located, m

aintaining and enhancing the health
of these environm

ents.
•

E
quity

A
griculture should prom

ote a good quality of
life am

ong the various individuals involved in
the farm

ing activities and w
ithin fam

ilies. T
his

includes having consideration for the standard
of living, health and education of all people in
the com

m
unity.

T
he overview

 and categories suggested here are m
eant to provide a

com
prehensive assessm

ent of agricultural sustainability. O
ther w

orkers
in this field have developed different, but usually sim

ilar, fram
ew

orks
that can be used as scaffolding for the construction of indicators.
Building on a fram

ew
ork of this type, w

e can then set out to develop
individual indicators that can point to issues of sustainability.

2.3
D

esirable Properties of Individual Indicators

H
aving set out categories to be assessed, indicators are chosen, m

odi-
fied or often developed afresh, m

aking selections from
 the three PSR

types as described above. T
he careful choice of indicators is critical in

order to achieve the desired goals of the investigation. In this process,
certain desirable properties are kept in m

ind:

D
ata relevance, quality and reliability

H
aving defined the situation that is to be studied, and the overview

 of
the study, a central criterion to be used in developing indicators is to
ensure that they are directly relevant to the objectives of the study.
Because an overarching objective, such as achieving sustainability, m

ay
be very general and even vague, it is essential that the sub-categories
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expressing a conceptual overview
 of the situation and the objectives of

the m
easurem

ent process. T
his is essential as a basis for subsequent

decisions w
hen it com

es dow
n to w

orking out the details of the assess-
m

ent protocol. H
ere, w

e restate our overview
 of w

hat constitutes
agricultural sustainability:

Sustainable agriculture is the activity of grow
ing food and fibre in a

productive and econom
ically efficient m

anner, using practices that
m

aintain or enhance the quality of the local and surrounding envi-
ronm

ent—
soil, w

ater, air and all living things. It is also sustainable
in supporting the health and quality of life of individual farm

ers,
their fam

ilies and the com
m

unity as a w
hole.

T
his defined vision is clearly broad and general. It w

as developed over a
period of several years during a com

prehensive study of agricultural prac-
tices in and around a m

ajor irrigation project in South India. (D
etails of

the findings surrounding this study are provided in Section 4.7.) H
aving

put out a conceptual statem
ent, a second step is to further refine and

expand the overview
 to set out m

ore specific areas that require investi-
gation. W

e call these areas categories. A
ppropriate indicators chosen

w
ithin these categories then w

ork together to provide a description of
the total situation.

R
ecognising that agriculture is a process of food and fibre produc-

tion as w
ell as a w

ay of life, the categories are chosen so as to reflect
its various dim

ensions.

•
Productivity

For the needs of the farm
 fam

ily as w
ell as to

satisfy global food requirem
ents, any sustainable

agricultural system
 m

ust be capable of producing
high yields.

•
Stability

It is necessary that the high level of productivity
be m

aintained over an indefinite period of tim
e.

T
his requires that the quality of the resources on

w
hich production is based also be m

aintained and
even enhanced.

•
E

fficiency
To be sustainable, all the resources required for
agriculture—

hum
an, anim

al and m
aterial—

should
be used in a w

ay that is not w
asteful, but m

axi-
m

ises output per unit input. T
his is especially true

of non-renew
able resources.
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som
etim

es these data are already available, having been collected
previously by other w

orkers in the area. T
here is a tem

ptation to use
all the readily available data, even though they m

ay not be the m
ost

appropriate w
ith respect to the objectives of the study.

International 
bodies, 

national 
governm

ents, 
and 

local 
non-

governm
ental organisations are all excellent sources of data that can

be used in studying environm
ental, econom

ic and social issues
related to sustainability. It is only in the last tw

o decades or so,
how

ever, that sustainability has been studied as a specific subject.
T

herefore, 
w

hile 
w

e 
m

ay 
have 

considerable 
inform

ation 
about

econom
ic activity in particular spheres, there is often no indication

as to w
hat com

ponent of this activity relates to processes that can
be considered to be sustainable. Likew

ise, in earlier years agricul-
tural statistics focused on issues like crop production, am

ount of
land 

being 
brought 

under 
cultivation, 

fertiliser 
consum

ption,
etc., im

plying that grow
th in any of these areas w

as a sign of
progress. It is frequently found that the data required to m

easure
sustainability have never been collected, and there m

ay be no design
or protocol yet determ

ined for their collection. A
dding to this diffi-

culty is the fact that som
e sustainability-related inform

ation is sub-
tle and difficult to quantify. For these reasons, considerable effort
m

ust go into developing and collecting new
 sources of inform

ation,
taking into account practical issues like availability and ease of
collection.

R
ecent technological developm

ents have opened up possibilities
for obtaining new

 types of data. H
ere too, care is required to ensure

that the inform
ation is m

eaningful and relevant to sustainability
issues. For exam

ple, in studying the role of uncultivated land (includ-
ing land rem

aining in a natural forested state) w
ithin an agricul-

tural area, it is tem
pting to m

ake use of readily available inform
ation

obtained by rem
ote sensing. T

he proportion of forest or other uncul-
tivated land in a certain region can be determ

ined sim
ply and rela-

tively 
inexpensively 

w
ithout 

having 
to 

resort 
to 

expensive 
and

tim
e-consum

ing field investigations. R
em

ote sensing data are useful
in m

any situations, but in som
e cases the inform

ation m
ay be inade-

quate and som
etim

es m
isleading. For exam

ple, m
ost data obtained

from
 satellites do not tell the age, com

position or condition of the for-
est, all of w

hich m
ay be essential features required for considering it

as a source of biodiversity or as a habitat for other plant and anim
al

species.
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w
ithin the general objective be m

ore specific and clearly defined. W
ith

this starting point, it becom
es possible to choose and develop appro-

priate relevant indicators. For exam
ple, in a study on soil quality in a

particular agroecological situation, the question m
ust first be asked

regarding w
hat the quality issues are. T

hese m
ay relate to topsoil loss by

erosion, to organic m
atter content, to soil-based nutrient supply, or to

contam
ination by residual pesticides or other organic or inorganic cont-

am
inants. W

hichever of these categories (or other categories) is identi-
fied as being central to the study, one can then m

ake a rational selection
of indicators that w

ill provide inform
ation about the category(s).

Q
uality and reliability are also requirem

ents. T
he availability of

plant nutrients, including the m
ajor nutrients, nitrogen, phosphorus

and potassium
, is a case in point. A

 num
ber of different soil tests have

been developed for each of these and, depending on the soil type,
crops being grow

n and other environm
ental factors, particular tests

are a reliable indicator of nutrient availability. O
ther tests that m

ea-
sure concentrations of the sam

e nutrient in different w
ays m

ay
provide m

isleading inform
ation in particular situations.

In obtaining data, w
hether one is using physical or chem

ical m
ea-

surem
ents, there are errors associated w

ith the results obtained. E
rrors

are an intrinsic feature of every m
easurem

ent process and arise from
sam

pling as w
ell as from

 the analytical steps them
selves. K

now
ledge

of these uncertainties is im
portant in order to determ

ine w
hether

apparent differences obtained at various sites or at different tim
es are

truly significant. Likew
ise, w

ith econom
ic or social data collected by

surveys, there are alw
ays errors associated w

ith the selection of the
sam

ple of individuals in the survey. T
he larger the sam

ple, the m
ore

reliable the data, but one can alw
ays m

ake a statistical assessm
ent of

the m
argin of error depending on the sam

ple chosen. E
ven m

ore seri-
ous than the ‘norm

al error’, w
hich can be estim

ated using statistical
m

ethodology, is the possibility of bias. Bias is not elim
inated sim

ply by
choosing a larger sam

ple, but only through careful planning to ensure
that all com

ponents of the population under study are system
atically

provided an opportunity to be part of the sam
ple.

D
ata availability and ease of collection

In m
any agricultural situations it is possible to collect a vast am

ount
of data connected w

ith issues surrounding food production. In fact,
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contribution can m
ake an assessm

ent m
uch m

ore valid and m
eaningful.

E
ven m

ore than that, a participatory approach ensures that the local
population is kept aw

are of and shares a com
m

on view
 of w

hat the
assessm

ent is about. T
his enhances the possibility that they w

ill use
the results tow

ards taking the positive steps that m
ay arise from

 the
recom

m
endations of the study.

O
nce again, the possibility of bias adversely affecting the assess-

m
ent m

ust consistently be kept in m
ind and avoided. Bias m

ay arise
from

 the expert side, usually beginning w
ith the conceptual vision

that form
s the basis of the study. In a w

ay, such bias is inevitable and
the ‘solution’ is sim

ply to clearly state the w
orldview

 at the outset.
Bias from

 local participants also occurs in m
any studies. For this rea-

son, it is im
portant that those w

ho are involved com
e from

 a diverse
and representative group. C

are m
ust be taken that the study does not

reflect the view
s of only of an elite com

ponent of the com
m

unity, or
of only m

en or w
om

en, or of a particular age group. T
he need to

be sensitive to gender issues and concerns is frequently not fully
considered and is of particular im

portance in alm
ost every agricultural

situation (see Box 2.3).
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Stakeholder participation in developm
ent

A
s pointed out above, depending on w

hat is being m
easured, som

e of
the inform

ation needed for creating an indicator is available from
 a

variety of sources. G
overnm

ent statistics can often provide the infor-
m

ation required, especially for m
acro-indicators based on data related

to item
s like population, education, health, agricultural production,

and average incom
e,. Supplem

entary inform
ation of this type is also

available from
 supranational organisations such as U

N
 bodies like the

Food and A
griculture O

rganisation (FA
O

), W
orld H

ealth O
rganisation

(W
H

O
), etc. or the O

E
C

D
 (O

rganisation for E
conom

ic C
ooperation

and D
evelopm

ent). N
on-governm

ental organisations can provide addi-
tional data, som

etim
es at the m

acro level but often related to m
ore

local situations. It is im
portant to recognise that there can be a bias in

the statistics obtained from
 any of these sources, in the selection of

inform
ation provided and in the w

ay it is presented. T
his is one of the

reasons w
hy it is essential at every stage that sources and m

ethodology
used for creating indicators should be available.

O
btaining inform

ation in the field is another m
atter, and the entire

operation should involve participation of the local population. T
he

process of developing m
icro-indicators used to m

easure agricultural
sustainability in a local area begins w

ith the collection of field-based
basic inform

ation, before one can begin the processes of converting
data into quantitative inform

ation. A
t this initial data collection stage,

it is im
portant that ‘experts’ and the local population w

ork together.
T

he experts should bring in background ideas, often technical and spe-
cialised in nature. T

hey should also have a sense of the context of the
assessm

ent process—
w

hat related inform
ation has been collected else-

w
here, w

hat are som
e of the problem

s and pitfalls likely to be encoun-
tered, and how

 these can be dealt w
ith. T

he experts w
ill have the

technical know
ledge needed to carry out the required m

anipulations of
the data, creating indicators and doing scaling and aggregation.

O
n the other hand, the local people have an unrivalled sense of the

nature of their ow
n surroundings and of opinions and w

orldview
s

shared by the population. T
hey also bring a type of realism

 to the
process, in identifying som

e of the issues that m
ight be addressed, and

in m
aking decisions about w

hat is possible as a response to problem
s

and w
hat cannot be done.

E
volving from

 extended open discussions and the back-and-forth of
listening and presenting ideas by both groups, the resulting com

bined
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B
ox 2.3

A
 guide to planning gender-sensitive indicators

1.
E

nsure that there is a people focus
as w

ell as a technical/
environm

ental com
ponent to the objectives of the study

and to all assessm
ents m

ade. In addition, ensure that the
people focus differentiates betw

een m
en and w

om
en. T

his
w

ill require that careful attention be paid to the differences
in the roles, responsibilities and resources that affect both
the participation and/or the benefits for w

om
en and m

en.
2.

E
nsure that the description field for each m

ajor output
refers to both w

om
en and m

en and the gender inequalities
that are to be addressed. D

o w
om

en and m
en have different

responsibilities?
3.

E
nsure that the description field refers to the w

ay in w
hich

the planned activities w
ill address the different needs and

priorities, including w
om

en’s access (or lack of access) to
the resources necessary for their participation and benefit.

(C
ontinued)



The C
om

m
unity Indicators H

andbook docum
ents a process of ten

steps (as outlined below
) for a participatory approach to developing a

broad-based indicator set (M
eadow

s 1998). Various features of the
approach are appropriate in diverse studies around the w

orld.

1.
Select a sm

all w
orking group responsible for the success of the

entire venture: T
he w

orking group needs to be m
ulti-disciplinary,

w
ith strong ties to the com

m
unity or audience for w

hom
 the

indicators are intended. T
he w

orking group is m
ost effective

w
hen it com

bines experts and non-experts from
 the outset, but

the critical elem
ent is long-term

 com
m

itm
ent to the process.

2.
C

larify the purpose of the indicator set: M
ake clear w

hether it is
m

eant to educate the public, to provide background for key
policy decisions or to evaluate the success of an initiative or
plan. D

ifferent purposes give rise to different indicators and
publication strategies.

3.
Identify the com

m
unity shared values and vision: T

he indicator set
m

ust be able to speak to the hopes and aspirations of the people
it is m

eant to serve.
4.

R
eview

 existing m
odels, indicators, and data: T

he w
orking group

takes a look at other indicator projects as exam
ples to learn

from
. It also review

s w
hat indicators are already published locally

and w
hat data are generally available.

5.
D

raft a set of proposed indicators: T
he w

orking group draw
s on

its ow
n know

ledge, the exam
ples it has collected, and the

advice of outside experts (if needed) to prepare a first draft.
T

he draft m
ay go through several revisions before it is ready for

the next step. In particular, initial indicator sets tend to be very
long. In later drafts, they need to be pruned dow

n and m
ade

m
ore focused and practicable. 

6.
C

onvene a participatory selection process: T
he draft indicators

need to be presented to a broad cross-section of the com
m

u-
nity for their input. T

his process serves several im
portant

goals. It educates the participants, gathers their collective cre-
ativity and expertise, and m

akes them
 stakeholders in the suc-

cess of the project. O
ften it also gives rise to new

 relationships
and alliances am

ong the participants and can even generate
new

 action initiatives to address problem
s identified by the

indicators.
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4.
E

nsure that both w
om

en and m
en are involved in the

planning activities, developing of indicators and collecting
data. A

s it m
ay som

etim
es be m

ore difficult to reach w
om

en
in rural areas, it m

ay be im
portant to design particular w

ays
of reaching w

om
en.

5.
E

nsure that the im
m

ediate im
pact or benefits as w

ell as the
longer-term

 
outcom

es 
for 

both 
w

om
en 

and 
m

en 
are

included in the discussion of effects. E
nsure that any prior

assum
ption of gender-neutrality is valid w

hen assessing
the outcom

es of the project. D
eterm

ine w
hether possible

unplanned effects and outcom
es that m

ight be negative for
either w

om
en or m

en have been anticipated and addressed.
6.

E
nsure that both w

om
en and m

en as w
ell as organisations

w
ith a gender m

andate are included in the early stages of
planning so that a balanced set of issues is addressed. T

he
stakeholders should include local persons of both genders,
as w

ell as national and international N
G

O
s that deal w

ith
gender and w

om
en’s issues.

7.
Identify and use quantitative and/or qualitative indicators
to m

easure the gender sensitivity of all aspects of the pro-
ject. G

ender-sensitive indicators provide the clearest evidence
that gender roles and responsibilities, and particularly the
needs 

of 
w

om
en, 

have 
been 

carefully 
considered 

and
addressed.

8.
Identify relevant quantitative and qualitative indicators to
m

easure the participation of w
om

en and m
en at every stage

of the planned sustainability study.
9.

Include a longer tim
e fram

e in the m
easurem

ent of output.
Identify indicators that can m

easure the outcom
e after a

three to five year period.
10.E

nsure that there are appropriate plans, including bud-
getary arrangem

ents, to allow
 for the gender disaggregation

of data at all levels of the study.

* Paraphrased from
 a guide developed for the Food and

A
griculture O

rganisation of the U
nited N

ations (K
ettel 2001).

B
ox 2.3 (C

ontinued)



econom
ic realities, like areas of land or m

onetary units. T
here are

m
any other possibilities.
T

he follow
ing are exam

ples of units that are usually fam
iliar to at

least som
e m

em
bers of the population. It w

ill be obvious that these
units can be used to describe som

e environm
ental and/or econom

ic
issues. T

hey w
ill not be useful for indicators functioning in the social

realm
.

M
onetary units

E
xpressing econom

ic output in U
nited States dollars (U

S $) is a com
-

m
on practice, w

idely accepted by policy m
akers around the w

orld. It
m

ay not, how
ever, carry m

uch resonance w
ith the people of som

e
countries w

here A
m

erican currency is an unknow
n quantity.

R
esource depletion tim

e

A
n 

early 
and 

w
idely 

publicised 
environm

ental 
study 

specifically
focused on issues of resource depletion (C

lub of R
om

e 1972). T
he

C
lub of R

om
e m

ade use of the idea that there is a lim
it to the am

ount
of non-renew

able resources (w
hich w

e have term
ed ‘natural capital’)

available in the w
orld. T

he C
lub published and has continued to pub-

lish extensive data show
ing these lim

itations in term
s of years of

resource rem
aining. To do this, trends regarding levels of population

and consum
ption w

ere predicted. A
n exam

ple of this kind of thinking
is show

n in Figure 2.2. 
T

his figure, presented in the 1991 publication, show
s predictions of

the global supply of arable land available for agriculture, as w
ell as the

am
ount of land required to feed the w

orld’s populations, assum
ing cer-

tain levels of productivity. A
 sim

ple conclusion from
 the figure is evi-

dent by taking the point at w
hich the line show

ing productivity (at
1990 levels) intersects the line show

ing supply of arable land. T
hese

tw
o lines cross at approxim

ately the year 2000, indicating that the
w

orld w
ould go into a food deficit situation at about that tim

e. T
he

plot also show
s that the food deficit could be postponed to about 2030

or 2060 if productivity doubled or quadrupled. C
learly, this approach

has the potential for m
uch m

ore dram
atic public im

pact than w
ould

be the case w
ith a detailed discussion of the raw

 data leading to the
stated conclusion. N

ote, how
ever, that this prediction m

ade by the
C

lub of R
om

e has not been borne out in reality. T
his once again
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7.
Perform

 
a 

technical 
review

: 
A

n 
interdisciplinary 

team
 

of
know

ledgeable people sorts through the proposed final draft
indicators and selects from

 am
ong them

 for m
easurability,

statistical and system
ic relevance, etc., trying to stay true to the

intentions and preferences expressed by the citizen review
process. T

he technical review
 helps to fill in gaps, w

eed out
technical problem

s, and produce a final indicator set that is
ready to be fleshed out w

ith data.
8.

R
esearch the data: A

t this stage, the indicators are usually subject
to additional revision, driven by data concerns and new

 learning.
9.

Publish and prom
ote the indicators: T

his requires translating
them

 into striking graphics, clear language, and an effective out-
reach cam

paign. It helps to link the indicators to the policies
and driving forces that affect them

, to illustrate their linkages,
and to point to the actions that can be taken to im

prove them
.

10.
U

pdate the report regularly: Indicators m
ake little difference, or

indeed little sense, if they are not published periodically to
show

 change over tim
e. T

his requires an institutional base that
can be relied upon to reproduce steps 8 and 9 on a regular basis,
and go back and revisit the other steps as needed. E

ach new
 ver-

sion of an indicator report becom
es an opportunity to revise the

indicators, develop new
 research m

ethods, and add linkages.
If perform

ance targets have been set, they can be assessed and,
if necessary, adjusted. A

nd w
hen targets are m

et, celebrations
can occur!

T
hese steps m

ay sound daunting, but they are being put into practice
by hundreds of com

m
unity- and regional-level indicator m

ovem
ents

around the w
orld.

D
ata convertibility into quantitative term

s

C
ertain types of inform

ation are intrinsically quantitative, but in
order to use this inform

ation it m
ay be necessary to convert it into

other form
s that w

ill be m
ore understandable to the public. U

sing a
com

m
on scale is one useful w

ay of m
aking it possible to bring

together several types of inform
ation. Sim

ple scales such as percent-
age or a zero-to-ten scale are som

etim
es used. In other cases, it can

be helpful and attractive to use values that are based on physical or
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m
easure of the area of land required to sustain the life of the average

person living w
ithin a particular setting. T

he single aggregated eco-
logical footprint index accounts for resource consum

ption and w
aste

assim
ilation in term

s of productive land needed to m
aintain life-

supporting activities at a specific level. C
alculations can be done for

individual persons by taking into account all the physical activities of
their life: type of shelter, diet, travel, em

ploym
ent situation and gen-

eral consum
ption habits.

M
ore com

m
only, calculation is based on the average person

living in
a defined area. M

ultiplying values for the average person by the
num

ber of people in a city, region or nation gives the footprint for that
defined area. T

he total ecological footprint is therefore a function of
population and per capita m

aterial consum
ption. T

he conversion to
units of land area (hectares) begins w

ith a calculation w
here m

aterial
goods are converted to energy units, w

hich are then converted into
carbon dioxide release, assum

ing that the energy is generated by com
-

bustion of fossil fuels or biom
ass. T

he carbon dioxide release is finally
given a spatial dim

ension by estim
ating the area of land needed to

grow
 sufficient biom

ass to assim
ilate the carbon dioxide produced

through the consum
ption processes.

The E
cological Footprint 

T
he calculated values of footprints for nations are estim

ates of the
am

ount of biologically productive space (m
ostly land) needed to sup-

port all the hum
an activities involved in production, consum

ption
and w

aste disposal. Table 2.1 sum
m

arises inform
ation for selected

countries, w
ith the footprint calculated on a per capita

basis.
O

n a single country basis, positive values of ecological surplus/deficit
suggest that the country has sufficient regenerative potential to accom

-
m

odate the consum
ption activities. T

his could be evidence of ecologi-
cally sound policies. A

lternatively, som
e countries are w

ell endow
ed w

ith
abundant ecological capacity and m

ay therefore, operating indepen-
dently, be able to sustain their current population at a relatively high level
of resource throughput. O

n the other side, negative values are an indica-
tion that physical resource use is unsustainable. W

here a country is run-
ning a deficit, it m

eans that, on its ow
n, it has insufficient ecological

reserves to support the population w
ith current patterns of consum

ption.
U

sing ecological footprint calculations in another w
ay, it is estim

ated
that, w

orldw
ide, the carrying capacity of the E

arth is equivalent to
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em
phasises the im

portance of ensuring the validity of the data and the
predictive m

ethods if one is not to overstate (or understate) a problem
.

U
njustified ’crying w

olf’ can only generate cynicism
 and potential

future inaction w
hen other such stark indicators are presented.

E
nergy units

E
nergy is another param

eter that can be used for expressing values of
m

any physical activities. It can be m
easured using a variety of units,

som
e quite graphical and visible such as tonnes of coal or barrels of oil.

A
s noted earlier, energy can also be expressed using the fundam

ental
SI unit called the joule (J). E

nergy is an especially useful concept for
dealing w

ith natural and m
anufactured capital, as w

ell as w
ith the

agricultural processes that m
ake use of such resources. In a later

section, w
here w

e exam
ine how

 to m
easure the efficiency of agricul-

tural processes, w
e w

ill discuss energy issues in m
ore detail.

Land area

Building on the idea that energy consum
ption is a central feature of

all physical activity, W
ackernagel and R

ees (1996) have developed the
concept of the ecological footprint. T

he ecological footprint value is a
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Integrative indicators have at least one advantage in that the single
m

easure covers a range of subject m
atter and m

ay, on account of its
sim

plicity, be m
ore acceptable to policy m

akers and the general public
alike.

T
here are tw

o approaches used for developing an integrative indi-
cator. O

ne m
ethod involves collection of m

any pieces of individual
data and com

bining these together in som
e clearly defined w

ay in
order to produce a single num

ber that is an aggregate of all the data
collected. Such com

posite indicators, usually term
ed indices, are

w
idely used for reporting inform

ation obtained in environm
ental

studies. T
he ecological footprint, for exam

ple, is a unique type of
integrative index. O

ther exam
ples include the various air quality

indices (A
Q

I) that have been constructed by com
bining detailed

inform
ation about the atm

ospheric levels of sulphur dioxide, nitrogen
oxides, ozone, volatile organic hydrocarbons, particulate m

atter and
other param

eters. A
n integrative A

Q
I value is then useful for tracking

general trends in atm
ospheric chem

istry throughout a given year and
over a range of years. It is useful to researchers and policy m

akers and
is a source of inform

ation for the general public. For exam
ple, it can

be used as a health advisory indicating the need for reduced physical
activity on days w

hen there is a high level of pollution, or it can be
used in urban areas as justification for a call for rem

edial action such
as restricting the use of m

otor vehicles on bad air quality days.
A

 num
ber of econom

ic and social indicators are also com
posites.

T
he H

um
an D

evelopm
ent Index, designed after exhaustive study by

the U
nited N

ations D
evelopm

ent Program
m

e, is one such indicator. It
takes into account inform

ation on health, education and econom
ic sta-

tus. T
his indicator w

ill be described in m
ore detail later in this chapter.

Integrative indices essentially report a single piece of inform
ation,

but that inform
ation takes on a particular value because of its relation

to all the factors from
 w

hich it has been derived. For exam
ple, the

G
ross N

ational Product (G
N

P) of a country, calculated on a per capita
basis, has m

any flaw
s but it does give a broad m

easure of all the
varied econom

ic activity occurring w
ithin that country in a given year.

Som
e biological and physical indices serve an intrinsic integrative

function. T
he concept of Biochem

ical O
xygen D

em
and (BO

D
) is

based on the idea that degradable organic m
atter plus any other

chem
icals that can be oxidised w

ill consum
e oxygen in a w

ater body.
A

 large BO
D

 value occurs in highly polluted w
ater w

ith low
 oxygen

content. T
he anoxic conditions are, in m

any situations, considered
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there being 1.7 ha of land available per person. O
n this scale, any

nation or individual w
hose footprint is greater than this is putting the

E
arth into a global ecological deficit. It is clear from

 this abbreviated
list that the average person in som

e (m
ostly w

ealthy) countries is
consum

ing an excessive am
ount of the w

orld’s resources.

Integrative capability of the indicator

To provide inform
ation corresponding to the three com

ponents of the
sustainability tripod, m

any indicators m
ay be required and m

any have
in fact been proposed. T

he am
ount of data available to develop an

indicator depends on the issue being studied, and on w
hether the

study is at the m
acro or m

icro level. W
hen the data are converted into

indicators, som
e can be highly specific and focused on a particular

closely delineated subject, w
hile others bring separate aspects of an

issue together in an integrative fashion.
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Table 2.1
E

cological footprint per capita in selected countries. T
he population is the 1997

value, and other inform
ation is based on 1993 statistics. T

he available capacity is
the total regenerative capacity of land in the country divided by the population.

E
cological surplus or deficit is the difference betw

een available capacity and
ecological footprint. D

ata from
 W

ackernagel et al. (2002)

E
cological 

Available 
surplus (+) 

Population in
Footprint

capacity
or deficit (−) 

C
ountry

m
illions

ha/capita
ha/capita

ha/capita

Bangladesh
126

0.5
0.3

−0.2
Brazil

167
3.1

6.7
+3.6

C
hina

1247
1.2

0.8
−0.4

C
olom

bia
36

2.0
4.1

+2.1
France

58
4.1

4.2
+0.1

H
ungary

10
3.1

2.1
−1.0

India
970

0.8
0.5

−0.3
Italy

57
4.2

1.3
−2.9

Japan
126

4.3
0.9

−3.4
N

igeria
118

1.5
0.6

−0.9
R

ussia
146

6.0
3.7

−2.3
South A

frica
43

3.2
1.3

−1.9
U

K
59

5.2
1.7

−3.5
U

SA
268

10.3
6.7

−3.6



should be able to distinguish periodic or cyclical changes from
 the

broad trends that show
 either positive or negative change in the long

term
.

T
he requirem

ent to have m
easurem

ents over an extended tim
e

fram
e is som

etim
es difficult to m

eet, especially w
hen the duration of

the study is lim
ited by financial or other constraints, or w

hen it is nec-
essary to rely on previously collected data. T

here are, how
ever, som

e
long-term

 trends that can be reconstructed from
 geological and bio-

logical data, such as inform
ation about clim

ate change gained from
observing tree rings or from

 studying changes in the fossil flora and
fauna in lake sedim

ents (this paleolim
nological inform

ation can pro-
vide an environm

ental picture that extends back hundreds or even
thousands of years). In som

e jurisdictions, lim
ited am

ounts of eco-
nom

ic and social data have been kept in historical records over the
past century or tw

o. A
ll this inform

ation can be used to construct
so-called baseline values and a tim

e series that enhances the value of
m

easurem
ents that are m

ade in the present.

A
bility of the indicator to m

onitor
changes across location and situation

In developing indicators for a particular situation, w
e m

ay have som
e

ideal attributes in m
ind. It is im

portant to be clear regarding how
 the

ideal attributes should be m
easured. C

om
parison of indicator values

in different settings and w
ith the ideal then requires that the sam

e
kinds of data be obtained in all the situations that are being com

-
pared. T

his calls for attem
pts to standardise the details of indicator

design.
Soil quality data are a good exam

ple. A
s noted earlier, for every

nutrient there are num
erous analytical m

ethods prescribed for analy-
sis. D

ifferences in the m
ethods are found in the protocols for soil sam

-
pling, soil storage and pre-treatm

ent processes, and the actual analysis
procedures. T

he m
ajor nutrient, nitrogen, is a case in point. O

pinions
vary as to w

hat fraction of soil nitrogen should be determ
ined;

w
hether it should be am

m
onium

, nitrate, organic nitrogen or all of
them

; and w
hether the total am

ount needs to be determ
ined or only

that w
hich is deem

ed to be readily available to grow
ing plants. C

learly,
com

parisons betw
een different areas require that there be agreem

ent
concerning details of appropriate m

ethodologies.
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undesirable. A
 BO

D
 analysis done in the laboratory m

easures the
additive effect of all the possible contributions to this condition, w

ith-
out identifying any specific one.

In the biological sphere, declining populations or extinctions of
particular species can be considered to be an integrative index that
points to possible changes in several factors: habitat loss, pollution,
introduction of predator species, etc. In fact, it is very likely that the
reduction in num

bers occurs due to a com
bination of these factors.

W
hile the advantage of integrative indices is clear, it is not uncom

-
m

on that som
e of the im

portant specific pieces of inform
ation

becom
e buried and are lost in the single aggregate value. T

he im
por-

tant inform
ation can be uncovered only by exam

ining the individual
data values that are com

bined in calculating the com
bined index.

T
his need not be a disadvantage, how

ever, if the indicator is used for
its true purpose, w

hich is to point to the broad substance of the issue.
T

he integrative indicator is a starting point that calls for a search to
obtain further inform

ation.

Sensitivity of the indicator to changes over tim
e

Indicators are essentially developed for purposes of com
parison. M

ost
im

portantly, the com
parisons to be m

ade are w
ith respect to an

ideal—
in the case of sustainability indicators the ideal being set by

the overview
 or concept of w

hat sustainability should m
ean. T

herefore
the indicator should be able to point to changes occurring as com

po-
nents of the situation m

ove tow
ards or aw

ay from
 the defined goal. It

is therefore im
portant that collections of data be m

ade on a tim
ely

basis at frequent enough intervals, in order that an accurate picture of
any direction of change can be observed.

In order to be able to distinguish betw
een cyclical changes, the

period of analysis m
ust also continue over an extended period of tim

e.
E

ven robust national econom
ies go through successive series of years

that are relatively good, then relatively bad (boom
 and bust years), but

w
hat is im

portant are the long-term
 trends. A

griculture too m
ay expe-

rience cyclical ups and dow
ns, due both to clim

ate (several dry years,
or an extended period of good rains) and to the econom

ic situation
itself. A

 ten year period of increasing productivity m
ay be due sim

ply
to the introduction of a new

 higher-yielding variety w
hose yield poten-

tial m
ay for various reasons not hold out over tim

e. A
 good indicator
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a system
atic trend can enable extrapolation of the trend into the future.

E
m

phasis m
ust be placed here on having a clear and system

atic trend,
and on not extending the period of extrapolation too far into the future.
In order to use the trend line, threshold values are often selected to
indicate a need for som

e kind of action.
T

he C
lub of R

om
e plot (Figure 2.2), predicting the lim

itation of
arable land supply as it affects the ability of the w

orld to feed itself is
an exam

ple of prediction using plotted tim
e-based data. A

nother
exam

ple of this type is found in the fishing industry. In N
ew

foundland,
on the east coast of C

anada, declining cod stocks over the years
pointed to a catastrophic loss of the species due to overfishing (Figure
2.3). T

he loss has been so great that the population w
as on the verge

of econom
ic, if not actual, extinction, and there w

as a clear need for
political action to restrict cod fishing in certain areas.

N
ote that the indicator ‘gross fish catch per year’ is an integrative

one that is based on m
ore than just the extent of fishing, and also

includes potential inform
ation about other issues that determ

ine
catch, like loss of habitat and changes in w

ater quality. In this par-
ticular instance, how

ever, the m
ajor factor affecting the value of the

indicator w
as the am

ount of fishing being done.
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T
he sam

e requirem
ent applies to all kinds of econom

ic and social
inform

ation as w
ell. H

ow
 do you m

easure literacy? W
hat is the best

m
easure of average educational level of a population? For these and

m
any other issues, in order to create a quantitative indicator, there is

need for a consensus about data collection and m
anipulation. T

he w
ord

‘m
anipulation’ is appropriate here, as raw

 data has to be converted into
a visible and understandable form

 using logical and m
athem

atical steps
(but w

ith a subjective aspect as w
ell). But the term

 m
anipulation also

has a w
ell-earned negative connotation. A

s w
ith any situation w

here sta-
tistical inform

ation is used, it can be possible to m
anipulate the infor-

m
ation in such a w

ay as to create an im
pression that m

ay not be
justified. T

his negative aspect of m
anipulation has been m

isused in
m

any instances around the w
orld by researchers and policym

akers alike.
W

ide-ranging discussions am
ong experts w

orking on a particular pro-
ject, and w

ith those doing sim
ilar w

ork in other locations, help to estab-
lish consensus regarding appropriate protocols that m

inim
ise bias.

T
here is one m

ore aspect regarding w
hat is necessary in setting out

the spatial dim
ensions of an indicator. T

hat is the aspect of defining
the scale of the space being studied. H

ere w
e use the w

ord ‘space’ in
a broad sense, to indicate the portion of a given area or population
that is being studied. W

here population w
ell-being is m

easured, there
could som

etim
es be a general im

provem
ent reflected in average

incom
e levels that m

asks increasing disparity betw
een rich and poor.

T
here m

ay also be im
provem

ents in the level of education that hide
deteriorating circum

stances for som
e groups such as w

om
en or ethnic

m
inorities. T

hese are situations w
here w

orking w
ith a broad-based

and truly representative group of stakeholders is required throughout
all the stages of the study, in order to ensure accuracy and fairness. If
sustainability is defined in term

s of a system
 that provides adequately

for a population, then the distribution as w
ell as the overall am

ounts
m

ust be taken into account.

Predictive ability of the indicator

Indicators that can be used to predict future consequences of continued
action are highly valuable to policym

akers and m
anagers of all types,

including to individual farm
ers. In m

any cases predictive characteristics
are derived from

 the ability of the indicator to m
ake com

parisons over
tim

e and space. In the tim
e-scale, creating a series of values that follow

s
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Figure 2.3
G

ross codfish catch (in thousand tones) in the C
anadian A

tlantic fishery located
in N

ew
foundland. A

fter the 1991 season (dashed line), the evidence of
declining stocks w

as the im
petus for increasing governm

ent action to
im

pose strict quotas in the follow
ing years. (Source: T

he D
epartm

ent
of Fisheries and O

ceans, G
overnm

ent of C
anada)



w
orking on the assessm

ent and afterw
ards, there w

ill be m
any oppor-

tunities for rethinking and som
etim

es starting over. W
hen an accept-

able set of data (it w
ill never be a final or a perfect set) has been

obtained, the inform
ation is converted into indicators that can be

clearly understood by the stakeholders. Because there has been broad
participation from

 the outset, it is realistic to expect that action and
new

 policy can em
erge from

 the process. T
his w

ill require careful
attention to m

ethods of dissem
ination, including m

eeting w
ith people

at all levels—
farm

ers, extension w
orkers, researchers, civil servants

and governm
ent officials—

and providing opportunities for sharing
(both w

ays) w
ith individuals and in groups of every size.

Sum
m

ary of a general assessm
ent strategy

Figure 2.4 sum
m

arises the steps involved in an indicator project. T
he

central role of stakeholder-participants is em
phasised as is the itera-

tive nature of m
any of the steps in the process. T

he project begins
w

ith a defining vision and ends w
ith the sharing of significant find-

ings. In the final events, but also through all the steps of the project,
one can search out ideas for plans of action from

 individuals in the
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T
he use of a tim

e series to develop a curve that show
s trends into the

future is perhaps the m
ost obvious w

ay of using indicators for pre-
dictive purposes. Individual values taken in the present can, how

ever,
som

etim
es serve the sam

e purpose on their ow
n. T

his is especially true
w

hen the values are view
ed in com

parison w
ith values taken from

 anal-
ogous situations elsew

here. Studies on acidification of lakes in tem
per-

ate regions of the northern hem
isphere have show

n that there is
significant decline in the populations of valuable fish species w

hen pH
values fall below

 4.5. Because of the nature of buffering in these lakes,
as acidification occurs, driving the pH

 dow
n to around 5, it is know

n
that a further drop below

 the danger point is im
m

inent. T
herefore,

surveys that identify lakes w
here the pH

 is approaching this sensitive
region call for rem

edial action, based on know
ledge behind even a single

m
easurem

ent. O
n a less technical level, an indication of approaching

food shortages in deprived regions of the w
orld is clearly provided w

hen
there are increased rates of cattle slaughter and w

hen large-scale m
igra-

tions of segm
ents of the population into other areas take place.

A
 clear relationship to vision, action and policy

C
arrying out a study of sustainability can be an enjoyable intellectual

exercise, but the real purpose has to go beyond this. Sustainability is
alw

ays assessed for a purpose. A
nd that brings us back to w

here w
e

started—
the need for a w

ell-defined overview
 that includes the objec-

tives of the study. A
fter all, anyone w

ho w
ishes to study sustainability

w
ill also w

ant to prom
ote sustainability. Indicators should therefore be

action- and policy-oriented. A
ll the desirable properties w

e have
described here are directed to that purpose.

T
he goal is to identify and design indicators that are based on a

shared vision, one that has a foundation of sound know
ledge concern-

ing sustainability issues and is at the sam
e tim

e closely connected w
ith

the practical experience of people ‘on the ground’. T
he indicator m

ust
clearly describe the pressures, current status and responsive actions
related to the area, project or process under study. E

ach indicator
should point to an ideal value, and com

pare the current situation to
that ideal. E

very step in carrying out the study should be done openly
and transparently, w

ith a w
illingness to alter thinking, even to change

direction as the study continues. In fact, iterative action is called for. 
U

sing the best know
ledge obtained by participatory m

eans, a plan
is devised, indicators are identified and data collection begins. W

hile
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Figure 2.4
T

he steps in developing and carrying out an indicator project. N
ote that the project

has a starting point and a conclusion, but in the process there are several opportuni-
ties for consultation, feedback and rew

orking ideas



average tem
perature over the past 140 years as the benchm

ark.
C

learly, in this instance, it is the trend of tem
perature variations

and the m
agnitude of the difference from

 the benchm
ark value

that are significant. A
 single tem

perature value, in the absence
of any reference value or trend, carries very little significance.

•
O

ther types of indicators present inform
ation that is less fam

il-
iar, at least to the general public. A

gain, the indicator data
becom

e m
ore m

eaningful w
hen they are used to show

 differences
at various locations or to show

 changes over tim
e. W

here quan-
tities are presented, such as am

ounts of m
aterials consum

ed or
released, it is usually preferable to express the quantity in relative
rather than absolute term

s. If carbon dioxide em
issions are being

m
easured, these could be reported relative either to the popula-

tion or to the gross dom
estic product (see Table 2.2).

T
hese tw

o w
ays of presenting em

issions data are both useful, but
their significance differs. T

he ‘em
issions per capita’ inform

ation indi-
cates that citizens of the U

SA
 are heavy users (relative to the other

countries on this sm
all list) of energy that is derived from

 the com
-

bustion of fossil fuels. T
his inform

ation could point to m
any other

sustainability-related questions, such as ones regarding the purpose of
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field and from
 policym

akers, w
ho w

ill support those w
ho are m

ore
directly involved in agriculture.

2.4
Q

uantification and Scaling of Indicators

By definition, indicators have a quantitative aspect, a value expressed
as a num

ber or a series of num
bers, som

etim
es in graphical or other

pictorial form
. O

nce indicator values are obtained by som
e type of

m
easurem

ent process, the question arises as to w
hether the raw

num
erical value should be used in its original form

 or be converted
into som

e other scale.

Indicators using the original data

U
sing original data assum

es that the raw
 num

bers collected in the
field or in a survey can be em

ployed directly in the form
 in w

hich they
w

ere obtained. In som
e cases, tw

o or m
ore sources of original data are

com
bined in order to clarify the significance of the inform

ation. 

•
Som

e types of indicators are sim
ple and are im

m
ediately under-

stood by everyone w
ithout further m

anipulation or conversion
of the num

bers. For exam
ple, literacy w

ould com
m

only be m
ea-

sured in percentage term
s; it w

ould be clear to anyone that 80
per cent literacy is better than 40 per cent literacy. Furtherm

ore,
in the case of literacy there is an obvious poorest value or low

er
lim

it (zero per cent), as w
ell as an alm

ost universally accepted
optim

um
, or goal (100 per cent).

•
T

here are other exam
ples of indicators that are equally clear but

w
hich have only lim

ited m
eaning w

hen presented as a single
num

ber. A
t the global level, m

easurem
ents of the average yearly

tem
perature are m

ade as a m
eans of giving evidence (for or

against) global w
arm

ing. T
he C

elsius tem
perature scale, w

hich
is fam

iliar to m
ost people, is used. T

here is no w
orst or best

value, but results can be com
pared w

ith a benchm
ark value,

such as the tem
perature in a particular year or the average value

over a num
ber of years. T

he plot show
n in Figure 2.5 uses the
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Figure 2.5
C

hanges in average global tem
perature betw

een 1860 and 2000.
(IPC

C
 2001: 107).
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w
ays. To illustrate this, w

e can use as an exam
ple inform

ation about
w

ater availability for agriculture in a sem
i-arid situation that is sup-

plem
ented by a lim

ited am
ount of irrigation from

 a canal system
.

In this case, over a 10-year period, the total am
ount (in m

m
) of

w
ater available from

 both rainfall and supplem
entary irrigation per

year w
as 638, 720, 489, 595, 672, 640, 826, 720, 661 and 525 m

m
. T

he
average value of w

ater availability during this tim
e w

as 649 m
m

 and
the variation, expressed as standard deviation, 1w

as 98 m
m

. To elim
i-

nate the m
illim

eter scale, several transform
ations can be used.

•
D

ivision by the average value leaves all the individual results in
the sam

e order, w
ith the sam

e relative standard deviation, but in
a dim

ensionless form
 (i.e., a form

 w
ith no units).

N
ew

 value =
x

i /x
avg

T
he set w

ould then becom
e:

0.983, 1.11, 0.753, 0.917, 1.04, 0.99, 1.27, 1.11, 1.02, 0.807

T
his m

ethod m
akes very clear w

hether results are higher or
low

er than the average, but it m
akes no statem

ent about w
hich

values are considered to be desirable and w
hich ones are unac-

ceptable. N
ote also that there is no clear trend in values, w

ith
tw

o or three low
 and high values appearing in both the first and

last half of the data set.

•
D

ivision by the standard deviation converts results into a set
w

ith a standard deviation of unity.

N
ew

 value =
x

i /s

In this case the set w
ould be:

6.51, 7.34, 4.98, 6.07, 6.86, 6.53, 8.42, 7.35, 6.74, 5.36

W
hen using this m

ethod, the relative position of all results
rem

ains unchanged, but the bias of scale is elim
inated.

•
A

 m
ethod sim

ilar to this involves taking a ratio of the difference
from

 the m
ean for each value against the standard deviation:

N
ew

 values =
(x

i −
x

avg )/s

T
he set becom

es

−0.112, 0.724, −0.163, −0.551, 0.235, 0.092, 1.81, 0.724, 0.122, −1.26
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this heavy energy usage—
transportation, dom

estic heating and cooling,
industry, etc.—

and w
hether reductions and efficiencies could be

achieved in som
e of these areas.

O
n the other hand, the inform

ation regarding carbon dioxide
release and G

D
P show

s that Poland has an especially large value for
its em

issions per econom
ic output, and this points to inefficiencies in

the various sources of w
ealth generation that can release carbon

dioxide (such as industry and agriculture) in that country.

E
lim

ination of the scale effect by taking ratios

T
he three exam

ples just described each present data on different
scales. T

he percentage and tem
perature scales are very fam

iliar to
m

ost people. It is less com
m

on, how
ever, that people w

ould attach sig-
nificance to inform

ation about am
ounts of carbon dioxide release

unless 
it 

is 
used 

in 
a 

com
parative 

fashion 
as 

described 
above.

E
lim

ination of units and scale is one m
eans by w

hich the com
parative

aspect of inform
ation can be m

ade clearer. E
lim

ination of scale is also
necessary if one w

ishes to com
pare or com

bine various indicators cal-
culated from

 a m
ix of different types of data sources. Because each

source m
ay provide inform

ation covering a unique range of values,
and som

etim
es w

ith different units, com
parisons becom

e difficult
unless the separate indicators are transform

ed into som
e com

m
on

form
. H

ow, for exam
ple, could you com

bine tw
o types of clim

ate
inform

ation—
one giving tem

peratures (degrees C
elsius) and the

other rainfall (m
m

 of precipitation)—
into a single indicator? O

ne w
ay

of elim
inating scale is by taking ratios, and this can be done in several
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Table 2.2
C

arbon dioxide release in selected countries (in 1998) as a pressure indicator of
possible clim

ate change effects. D
ata from

 the O
rganisation for E

conom
ic

C
ooperation and D

evelopm
ent (O

’Brien 2001)

C
arbon dioxide em

issions
C

arbon dioxide em
issions

(tonnes per capita)
(kilogram

s per 1000 U
S $ of G

D
P)

Turkey
2.9

500
France

7.0
340

Poland
8.2

1300
U

SA
20.0

740



W
hen good quantitative data are available, on the other hand, using

a lim
ited scale range such as 0 to 5 m

ay require rounding off num
bers

that are in som
e cases obtained from

 very reliable m
easurem

ents, and
could therefore obliterate subtle but significant differences betw

een
system

s.

Converting various data types to a com
m

on scale

In the exam
ples developed below, w

e m
ake an arbitrary choice to

em
ploy a scale of 0 to 10, and w

e w
ill report results to an accuracy of one

decim
al place. In reporting and using the calculated results, how

ever, in
som

e cases the decim
als w

ould be rounded off to the nearest digit.
D

efining data values that are assigned a scaled value of 0 and 10 is an
im

portant and difficult first step in the scaling process. To illustrate
som

e possible scaling m
anipulations, a good starting point is to w

ork
w

ith the case of literacy, for w
hich w

e have suggested the ‘obvious’
choices of 0 per cent as poorest and 100 per cent as best values. U

sing
these boundaries (w

hich w
e w

ill call goalposts) to convert to the com
-

m
on scale, percent values are divided by 10. A

 village w
hose inhabitants

are 65 per cent literate w
ould rank a scaled indicator value of 65/10 =

6.5.
O

ther indicators that are derived from
 data not based on percent-

age can likew
ise be converted to the sam

e (or another) com
m

on scale.
Average dom

estic w
ater use per person in an A

frican village m
ight

range up to 40 litres per day. T
his largest value could be chosen as the

upper goalpost, w
ith 0 as the low

er one. U
sage of 30 litres by an indi-

vidual w
ould then correspond to a scaled value of (30/40) ×

10 =
7.5.

By converting to a com
m

on scale based on values w
ith defined

upper and low
er lim

its, the process of com
paring results from

 vastly
different types of inform

ation is sim
plified. W

ithout this, the user
w

ould be required to have clear background know
ledge about the range

of values that could be expected for each specific type of m
easurem

ent.

Selecting values for indicator ‘goalposts’ 

In both the exam
ples just described, the low

er and the upper goal-
posts w

ere, respectively, zero and a m
axim

um
 value defined by the

nature of the data. For the literacy case, w
e stated that it w

as obvious
that the goalpost values should be 0 and 100 per cent respectively.
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H
ere, the scale bias is rem

oved, but the relative position of each
value has been altered.

Indicators converted to a com
m

on scale (norm
alising data)

A
n alternative w

ay of dealing w
ith inform

ation that com
es in a variety of

scales and units is to convert the raw
 values into a new

 set of num
bers

w
ith a com

m
on (usually dim

ensionless) scale. In som
e cases, qualitative

data is assigned a num
erical value w

ithin the scale as w
ell. A

s w
ith som

e
transform

ations involving ratios, this can result in a set of sim
ple and use-

ful num
bers that enable com

parisons over tim
e or w

ith data obtained in
other places. T

his process is som
etim

es referred to as norm
alising the

data. In one sense, the choice of scale is not im
portant, although scales

such as 0 to 100 (percent) or 0 to 10 are w
idely understood and accept-

able in m
any situations. Because there m

ay be considerable uncertainty
in m

uch of the data that one obtains in a sustainability study, it is prob-
ably w

ise not to establish too broad a range of possible values, as this
could im

ply a level of accuracy that is often not justifiable. In this respect,
a scale from

 0 to 10 m
ay be m

ore acceptable than 0 to 100. In subsequent
sections of the book, w

e w
ill often m

ake use of the 0 to 10 scale.
T

he m
ethod of using a com

m
on scale is particularly appropriate for

situations w
here there are definable poorest and optim

al values—
num

bers w
e shall call goalposts. T

hese values set the upper and low
er

lim
its of the scale.

T
here can be several kinds of situations encountered in generating

a set of scaled values.

A
ssigning a num

erical score to qualitative inform
ation

Q
ualitative attributes can be given a num

erical score. For exam
ple, using

a scale of 0 to 5 in a sustainability study, the follow
ing generic definitions

could be applied to qualitative assessm
ents of som

e activity or process:

•
<1

unsustainable in all respects
•

1–2
approaching unsustainable conditions

•
2–3

partially sustainable 
•

3–4
sustainable in m

ost aspects
•

4–5
highly sustainable
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instance, definitions of good and poor values (and therefore the
range) w

ill vary from
 crop to crop, and w

ill also depend on each local
situation, including the environm

ental conditions that apply. For rice
grow

n in a situation w
here irrigation is plentiful, excellent productiv-

ity m
ight be defined as a yield of 9 tonnes per hectare. T

his yield
w

ould then be assigned an indicator score of 10. (Incidentally, any
occasional higher yields w

ould also be assigned the sam
e m

axim
um

scaled score of 10, not a value above the m
axim

um
.) A

gain, the low
er

lim
it could be set as a com

plete crop failure—
0 tonnes per hectare—

or, alternatively, som
e m

inim
al value, say 2 tonnes per hectare, m

ight
be arbitrarily selected. O

ther crops w
ould be scaled in a sim

ilar m
an-

ner but w
ith their ow

n unique set of lim
its. T

he scale for sugarcane is
one that w

ould be very different from
 one for rice or other grain

crops. In the case of sugarcane, a realistic m
axim

um
 value m

ight be
100 tonnes per hectare.

Finally, rather than using goalpost values that are selected in advance
of obtaining data, on the basis of previous know

ledge and/or by arbi-
trary but carefully thought-out choice, ratings can be scored relative to
the com

plete set of values obtained in the survey. T
his after-the-fact

m
ethod involves setting out an ordered array of all the responses for

each item
, and then assigning a qualitative or quantitative value to

individual m
easurem

ents based on their position w
ithin the ranking.

For exam
ple, on a scale of 10, results that are placed w

ithin the top
10 per cent of all values w

ould achieve a score of 10, those w
ithin the

eightieth to ninetieth percentile w
ould be scored at 9, and so on.

Taking w
eighted averages

A
s w

ith other assessm
ents of hum

an activities, m
easuring agricultural

sustainability can be done at various levels, from
 that of the individ-

ual farm
 up to m

easurem
ents taken for entire regions (usually those

sharing com
m

on features, such as the prairies of N
orth A

m
erica).

E
ven at the farm

 level, the data that are collected in the field and
used in developing an indicator are frequently based on a series of
m

easurem
ents. T

his w
ill inevitably be the case w

hen a larger region is
being studied. For exam

ple, crop yield inform
ation, such as that w

hich
has been described in the previous section, m

ight require data about
a particular crop in a given year, w

hich includes inform
ation from

m
any farm

s. Averaging such data should alw
ays be done by w

eighting
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But is our choice of lim
its really obvious? T

he 0 and 100 per cent
values could be the m

ost reasonable choices in som
e situations, such as

a country em
erging from

 an historical situation, w
hen there w

ere no
schools and the literacy rate w

as very low, into an age w
here education

is available and m
ore and m

ore people are learning to read and w
rite. In

other situations, how
ever, educational facilities have been w

idely avail-
able over m

any generations, and the literacy rate has been at least 80 per
cent for the past 50 years. In this latter situation, reducing the num

ber
of illiterate people from

 10 per cent to 5 per cent, probably a m
ajor

accom
plishm

ent, w
ould show

 up w
ithin the 0 to 10 indicator range as

an apparently sm
all change from

 9.0 to 9.5. In this situation, it m
ight be

better to choose 80 per cent as the low
er goalpost since it is the sm

all-
est percentage literacy in recent history. T

he range then runs from
 80 to

100 per cent and individual values (given the sym
bol p) w

ould be scaled
as follow

s:

T
herefore, for the 90 per cent literacy situation, the indicator w

ould be
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90 −
80  ×

10 =
5.0

100 −
80

p −
80  ×

10
100 −

80

Likew
ise, w

ith the revised calculation, the 95 per cent figure has a
scaled value of 7.5. By changing the low

er lim
it and the range of

values, w
e have caused the indicator to point to an apparently m

uch
greater im

provem
ent in perform

ance in the area of basic education
than w

as show
n using the broader percentage scale.

It m
ust be em

phasised that the choices m
ade here are arbitrary

ones, but arbitrary does not m
ean that such choices should be m

ade
carelessly. A

s a public inform
ation tool, the 80 to 100 goalposts create

a m
ore sensitive indicator, one that responds m

ore visibly to sm
all

changes (hopefully, im
provem

ents). It is im
portant that the goals for

defining indicators should be kept in m
ind in each specific situation.

It is equally im
portant that the m

ethodology used in any study be
m

ade very clear so that policy m
akers and the public are fully able to

understand and interpret the reported data.
T

here are m
any other exam

ples of the types described above.
Suppose w

e w
ish to scale the values of crop yields. In the first



Inverting data

For som
e m

easurem
ents, sm

all values are m
ore favourable than large

ones. W
hen this is the case, it is som

etim
es possible to invert the

question. Instead of asking, ‘W
hat is the percentage of land under

m
onoculture?’ it m

ay be preferable to ask, ‘W
hat is the percentage of

land under m
ulticulture?’ T

his w
ay, a high percentage leads directly to

a large indicator score.
M

odifying the question is not alw
ays a sim

ple m
atter, nor is it

alw
ays desirable. In these situations a sim

ple m
anipulation of the data

can be carried out. A
 case in point is incidence of disease, e.g., disease

associated w
ith the use of chem

ical pesticides. For this issue, the opti-
m

um
 w

ould be that there is no incidence of disease and this defines
the low

er goalpost as zero. T
he upper goalpost w

ill be chosen from
 a

defined ‘m
ost unfavourable’ situation. For exam

ple, if over a period of
years there have been betw

een 300 and 600 adm
issions per year to

hospitals in a given district that have been attributed to pesticide poi-
soning, a poorest value base of 600 could be set, w

ith the range of pos-
sible values then falling betw

een 0 and 600. In a given year w
hen there

w
ere p cases of poisoning, to invert the data the scaled indicator value

is calculated as: 
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the individual yields according to the area of land w
here that yield w

as
obtained. To take a sim

ple exam
ple, suppose that there are five farm

s
grow

ing sorghum
 in a given area w

ith the follow
ing outputs.

Farm
 size (ha)

Yield (kg/ha)

25
2400

30
3200

20
2200

10
4100

32
2300

A
 sim

ple average of the yields gives a value of 2840 kg/ha. In this aver-
age, all the yield values have been considered as contributing equally
to the average. T

he am
ount of land on w

hich each crop w
as harvested

differs significantly, how
ever, and should be taken into account to give

a m
eaningful average for the entire region.

To do this, the m
ore correct m

ethod of averaging involves m
ulti-

plying each yield value by the corresponding field size, sum
m

ing these
and dividing by the sum

 of all the areas. In this w
ay, the average is

adjusted to give greater w
eight to the larger fields.

Such a w
eighting procedure can be represented as:
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In this case, the w
eighted average value is:

25 ×
2400 +

30 ×
3200 +

20 ×
2200 +

10 ×
4100 +

32 ×
2300

25 +
30 +

20 +
10 +

32

=
314600 =

2690 kg/ha.
17

T
he w

eighted average is som
ew

hat low
er than the sim

ple average,
reflecting the fact that the particularly high (4100 kg/ha) yield, having
been obtained on a sm

all area of land, has therefore influenced the
result to a sm

aller extent through the w
eighting process.

600 −
p

×
10

600 −
0

If there w
ere 350 cases, the indicator w

ould then take a value of 

600 −
350  ×

10 =
4.2

600

If the num
ber of cases w

ere reduced to 200 in subsequent years, the
indicator w

ould then rise to a value of 6.7.
N

ote the difference betw
een the form

ula used here and the form
ula

used for direct scaling in the literacy exam
ple.

M
easuring against ‘benchm

ark’ values 

In the exam
ple just given, arbitrary decisions w

ere m
ade w

ith regard
to defining w

hat can be called the ‘poorest value’ (in that particular



a benchm
ark value. A

ctual yields can then be expressed as a fraction or
percentage of the benchm

ark. T
he fraction is then a m

easure of how
close the land (and associated m

anagem
ent practices) com

es to
achieving its productivity potential.

For exam
ple, consider a hypothetical situation involving tw

o crops,
A

 and B.
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exam
ple, the upper goalpost) in the calculation. A

long w
ith setting

results for one or both the goalposts, it is som
etim

es necessary to
com

pare the m
easured indicator values w

ith one or m
ore standard

values that m
ay differ from

 situation to situation. W
e w

ill refer to
these standard values as ‘benchm

arks’.
A

 good exam
ple of this com

es up w
hen com

paring w
ater use in dif-

ferent settings. It is alw
ays desirable to strive for efficient w

ater use
everyw

here, but the degree of efficiency required for sustainability w
ill

depend on the available fresh w
ater supply. For this reason, an avail-

ability benchm
ark should be established for every individual case, and

intensity of w
ater use should be expressed w

ith relation to that bench-
m

ark value. In considering sustainability of w
ater use, the standard

usually chosen is the total available renew
able freshw

ater resource,
including inflow

s from
 neighbouring areas (or countries, depending

on the level of the assessm
ent). T

he indicator is then generally
expressed in percentage term

s.
C

onsider the follow
ing pair of countries:

P er capita w
ater use per year in the 1990s

C
anada

1600 cubic m
etres

K
orea

610 cubic m
etres

W
ater use as per cent of total renew

able resource
C

anada
1

%
K

orea
35

%
 

T
he m

essage from
 these tw

o pairs of indicators is clear. From
 the

first set, w
e see that C

anadians are heavy users of fresh w
ater, for

agriculture, industry and dom
estic purposes. T

he second set, how
ever,

show
s that because C

anada is blessed w
ith extensive fresh w

ater
resources in the form

 of lakes and rivers, and also because of its sm
all

population, the proportion of the renew
able resource used each year

is very sm
all. T

he situation is reversed in K
orea—

a sm
aller degree of

exploitation per capita, but a m
uch larger stress on the total available

supply. C
learly, the absolute am

ount of w
ater used is not the im

por-
tant criterion to predict sustainability, but rather the am

ount relative
to available resource.

A
nother exam

ple of an application of benchm
ark values is in situa-

tions w
here yields of different crops are to be com

pared. O
ne crop m

ay
have an intrinsic ability to produce a higher yield than another and the
optim

um
 yield that could be expected of each w

ould be designated as
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A
ctual yield

Potential yield
(tonnes per hectare)

Fraction

C
rop A

8
6

0.75
C

rop B
5.5

5
0.9

In this exam
ple, the actual yield of crop A

 is better than that of crop
B, but expressed as a fraction, using the potential yield as a bench-
m

ark, crop B has proved to be m
ore productive. In com

paring yields
of the tw

o different crops, in som
e w

ays this com
parative m

easure
gives a better estim

ate of productivity.

Com
bining individual indicators

to produce a com
posite index

W
e have noted that inform

ation obtained w
ithin any study on sus-

tainability, w
hether through m

easurem
ents in the field or in the labo-

ratory, is subject to m
anipulation or treatm

ent—
processing that is

m
eant to sim

plify and clarify large quantities of data. O
ne goal of the

treatm
ent process is to end up w

ith a sm
aller, m

ore m
anageable data

set. Som
etim

es the goal is to produce a single num
ber that attem

pts
to incorporate all of the inform

ation into w
hat is usually referred to

as an index. Figure 2.6 illustrates the flow
 of inform

ation from
 the

prim
ary set to the possible ultim

ate index value.
T

he triangle in Figure 2.6 show
s that a sustainability study begins

w
ith the collection of (often large) am

ounts of inform
ation. T

he pri-
m

ary inform
ation is processed by standard m

ethods such as collating
and averaging survey data, or evaluating analytical m

easurem
ents by

calibration w
ith standard sam

ples. A
t this second stage, the processed

set essentially contains all the inform
ation required in the study. T

his
com

plete set is itself useful for detailed investigation of specific features



Percentage literacy
43

Percentage of children 12 and under attending school
87

Percentage of population receiving an adequate diet
62

Percentage m
aking use of local clinic

32
Percentage voting in the local elections

79

A
 social index calculated as average value of the above data w

ould be
calculated as:

Average
%

 =
Social index 1 =

61

A
n alternative w

ay of calculating the average, som
etim

es used in sta-
tistical studies, is by the R

oot M
ean Square (R

M
S) m

ethod.

R
M

S Average
%

 =
((x

1 2+
x

2 2+
x

3 2+
x

4 2+
x

5 2)/5)
1/2

w
here the X

i 2values are the squares of the individual indicator values.
T

hese are all sum
m

ed, averaged, and the square root taken. In the pre-
sent case:

R
M

S Average
%

 =
Social Index 2 =

64

In both the calculations of averages, w
ithout being explicit about it w

e
have assum

ed that each of the individual indicators should have equal
w

eight in determ
ining the overall index value. W

hile the assum
ption

has the advantage of not appearing to im
pose bias on the result, it

m
ay in fact do just that. In our exam

ple, the indicator about use of a
local health clinic could be considered less im

portant than the others,
in the sense that a clinic m

ay exist, and lack of use m
ay not indicate

lack of availability.
W

e m
ight then choose to w

eight each indicator according to its
perceived im

portance. For exam
ple, w

e could (again arbitrarily) assign
a w

eight of one to four of the indicators and of 0.5 to the one related
to health clinic usage. T

he calculation is now
 m

odified slightly using
the w

eights, W
i :

W
eighted average

%
 =

(W
1 x

1 +
W

2 x
2 +

W
3 x

3 +
W

4 x
4 +

W
5 x

5 )/
(W

1 +
W

2 +
W

3 +
W

4 +
W

5 )

In the general case, the w
eighted average is ∑

W
i x

i /∑
x

i

W
eighted average

%
 =

1×
43 +

1×
87 +

1×
62 +

 0.5×
32 +

 1×
79)/4.5

Social index 3 =
64
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of sustainability and is essential as the basis for further m
anipulation

into indicators. It should alw
ays be kept available for later checking of

the validity of the indicator values and to answ
er questions that m

ay be
posed by persons w

ho are using inform
ation contained in the indicators.

T
he next step is to convert the processed data into indicators by

m
ethods that have been discussed here, but even after this m

anipula-
tion there could be a large num

ber of indicators, often giving a m
ixed

m
essage about the degree of sustainability. It is som

etim
es useful to

com
bine or aggregate the various indicator values into a single index

or a very sm
all num

ber of integrative indices. W
e described som

e of
the advantages and disadvantages of this aggregation process in an
earlier section.

H
ow

 is this com
bining done? T

he sim
plest w

ay is to take an average
of the individual indicator values, assum

ing that they have all been
norm

alised to the sam
e scale. For exam

ple, if a social index, expressed
as a percentage, com

bining inform
ation regarding nutrition, health,

education, and access to decision-m
aking m

ight be m
ade up from

indicators such as these:
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P
rim

ary field or other data

D
ata processed by

standard m
ethods

Indicators

Index

Figure 2.6
Inform

ation triangle show
ing the flow

 of inform
ation from

 prim
ary data to final index



three categories w
ere identified as providing the essential inform

ation
needed to define a sim

ple yet com
prehensive index of H

um
an

D
evelopm

ent. T
hese w

ere indicators describing three issues: health,
education and econom

ic status. T
he indicators for each category w

ere
evaluated individually on a scale of 0 to 1, using the follow

ing general
form

ula:

A
ctual value −

M
inim

um
 value

Specific indicator =
M

axim
um

 value −
M

inim
um

 value

T
he m

axim
um

 and m
inim

um
 value are again arbitrarily chosen and

set as goalposts for each indicator.
O

nce the three specific indicators w
ere calculated, the H

D
I w

as
determ

ined by taking a straightforw
ard average of the three.

H
D

I =
1/3 (health indicator) +

1/3 (education indicator) +
1/3

(econom
ic status indicator)

H
ealth

A
 considerable collection of health-related data is available from

 m
any

sources, including the W
orld H

ealth O
rganisation. D

ata for incidence
of various diseases, for availability of health care facilities, for public
expenditures on health and for m

ortality at or shortly after childbirth
w

ere considered for use in developing a health indicator. In the end,
how

ever, the m
ost recent five-year average for life expectancy at birth

w
as chosen as the single indicator sufficiently robust to provide an

integrative assessm
ent of hum

an health.
For health, the life expectancy m

axim
um

 and m
inim

um
 goalpost

values w
ere chosen to be 85 and 25 years respectively. A

s an exam
ple,

for N
igeria, w

here the average life expectancy at birth is 51.5 years, the
health index is found to be 0.44.51.5 −

25
H

ealth indicator =
=

0.44
85 −

25

E
ducation

To m
easure access to education and success of the educational

process, tw
o indicators w

ere chosen and then com
bined into one.
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Likew
ise, the R

M
S average can be calculated using w

eights. T
he general

form
ula for this is:

R
M

S w
eighted average

%
 =

(∑
W

i x
i 2/∑

x
i )

1/2

For our exam
ple,

R
M

S W
eighted average

%
 =

((1×
432 +

1×
872 +

1×
622 +

0.5×
322

+
1×

792)/4.5)
1/2

Social Index 4
=

67

It can be seen that the w
eighting operation has discounted the value

of one of the indicators, in this case the one w
ith the low

est value.
T

herefore the new
 calculated averages are som

ew
hat higher than in the

unw
eighted cases. W

hat is m
ost essential is that decisions about

w
eighting or not should be m

ade very clear, in order that users of the
aggregated indicators or index can m

ake decisions w
ith full know

ledge
of the basis of the index values w

ith w
hich they are w

orking.
O

ne point that needs to be m
ade again and should be clear from

this discussion of com
bining data is that there are both advantages

and disadvantages associated w
ith using data from

 various levels of
the inform

ation triangle. T
he low

er end of the triangle contains all the
inform

ation, but this is often in a form
 that is not very accessible or

easily interpreted. A
s w

e m
ove tow

ard the apex, the inform
ation

becom
es sim

plified and focused, but this is at the expense of detail
that is som

etim
es essential, and it can be biased by decisions m

ade by
the creator of the indicators and indices.

T
here are other m

ethods of treating and aggregating data that have
been recom

m
ended for various situations, but all of them

 follow
 the

general principles outlined here. T
he H

um
an D

evelopm
ent Index is

an exam
ple of an index based on a com

pendium
 of indicators that has

achieved global prom
inence.

The H
um

an D
evelopm

ent Index

O
ne of the m

ost thoroughly researched attem
pts to gauge hum

an
developm

ent, especially in its social and econom
ic dim

ensions, is the
index, know

n as the H
um

an D
evelopm

ent Index (H
D

I), developed by
the U

nited N
ations D

evelopm
ent Program

m
e (U

N
D

P). Based on a vast
com

pendium
 of data collected around the w

orld in m
any categories,
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parts of the w
orld involve different currencies and different m

ethods of
classification and aggregation, results m

ay not be strictly com
parable.

N
evertheless, the data are readily available and are considered to be a

broadly acceptable m
easure of average econom

ic status of individuals
w

ithin a country.
To calculate the index of econom

ic status, the G
D

P per capita is
adjusted by taking a logarithm

 of the value. T
his has the effect of

spreading out the indicator values w
here otherw

ise there w
ould be

m
any clum

ped together near the low
 end of the scale. T

he m
axim

um
and m

inim
um

 goalposts are set at U
S $ 40,000 and U

S $ 100. O
nce

again, w
e use N

igeria (G
D

P per capita value =
$ 853) as an exam

ple:

log(853) −
log(100)

E
conom

ic status index =
 log(40000) −

log(100)

=
0.36

Finally the overall H
um

an D
evelopm

ent Index (H
D

I) is taken as
the average of the health, education and econom

ic values.

H
D

I(N
igeria) =

1/3 (0.44) +
1/3 (0.57) +

1/3 (0.36) =
0.46 

T
hus, the hum

an developm
ent index for N

igeria is determ
ined to

be 0.46.
T

his w
idely publicised and im

portant index provides a good case
study illustrating how

 individual indicator values are calculated and
scaled, and also show

s a sim
ple m

ethod of com
bining three indicators

to com
e up w

ith a single com
posite index. N

ote again that there are a
num

ber of places w
here arbitrary decisions are m

ade: the choice of
categories w

here m
easurem

ents w
ill be m

ade, the data used for assess-
m

ent w
ithin each category, the num

erical m
ethod used to calculate

the individual values (including choosing appropriate m
axim

um
 and

m
inim

um
 values as goalposts), and the w

ay in w
hich the individual

values are com
bined to provide a com

posite num
ber. 

T
he result is a single, sim

ple value ranging from
 0 to 1, a value that

points to the status of hum
an developm

ent in each country. A
s w

ith
all indicators, this one value serves sim

ply as a ‘grade on a national
report card’. A

 particular value, say a low
 one, leads one to investigate

further as to the reasons for that value. Is progress poor in all the cat-
egories, or is one particularly low

 individual result pulling dow
n the
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A
dult literacy rates are w

idely available, and these w
ere used as one

part of the education indicator. T
he second part w

as derived from
m

easures of the com
bined prim

ary, secondary and tertiary gross enrol-
m

ent in educational institutions. G
ross enrolm

ent ratios w
ere calcu-

lated by dividing the num
ber of children enrolled in each level of

schooling by the num
ber of children in the age group corresponding

to that level. A
lthough this m

easure has m
any deficiencies, such as

differences in age ranges corresponding to different levels of educa-
tion in various countries, it w

as considered to be the m
ost satisfactory

indicator from
 am

ongst the readily available data for assessing educa-
tional opportunities.

For both adult literacy rate and com
bined gross enrolm

ent ratios,
percentage values w

ere used and goalposts set at 0 and 100 per cent.
T

he tw
o individual values w

ere separately calculated and then com
-

bined to create an education index. C
om

bining w
as done w

ith a
w

eighting of tw
o-thirds to adult literacy and one-third to gross enrol-

m
ent. U

sing the exam
ple of N

igeria, w
here adult literacy w

as 62.6 per
cent and gross enrolm

ent 45 per cent, the education index w
as calcu-

lated as follow
s:

62.6 −
0

A
dult literacy indicator =

=
0.63 

100 −
0

45 −
0

G
ross enrolm

ent indicator =
 

=
 0.45

100 −
0

E
ducation indicator =

2/3 (adult literacy indicator) +
1/3 (gross enrol-

m
ent indicator)

=
2/3 ×

0.63 +
1/3 ×

0.45
=

0.57

N
ote here the arbitrary but clearly defined choices that w

ere m
ade

in com
ing up w

ith a good assessm
ent of the educational status of a

country.

E
conom

ic status

G
ross dom

estic product per capita expressed in U
S dollars w

as chosen
as the m

easure of econom
ic status. Because m

easurem
ents in different
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D
iagram

m
atic w

ays of com
bining inform

ation

W
here several indicators have been calculated, each show

ing one
aspect of sustainability that is under study, it is possible to com

bine
and report values using a diagram

, so that the individual com
ponents

are all visible at one tim
e.

C
onsider a hypothetical case w

here indicators of environm
ental

quality have been determ
ined under categories of air, w

ater, land and
biota. U

sing a com
m

on scale, w
herein values of 10 are considered opti-

m
al w

ithin each category, the values for a particular situation can be
plotted in a w

ay that illustrates how
 close the situation is to the ideal.

Suppose in this hypothetical environm
ental study, scaled values for the

categories are: air, 4.5; w
ater, 7.2; land, 6.8; and biota, 6.0. T

he plotted
values, including the ideal, form

 ‘diam
onds’ as illustrated in Figure 2.7. 

T
he perim

eter lines represent the ideal, w
hile the shaded area

w
ithin these corresponds to the actual situation for a particular case.

T
he extent of shading provides an illustrative (but not quantitative)

view
 of the degree to w

hich the situation approaches sustainability.
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average? A
nd once general problem

 areas are identified, one is able to
delve further into detailed causes.

O
ther indicators used to m

easure hum
an developm

ent

M
any other m

easures of hum
an developm

ent have been proposed.
M

ost of these m
ake use of m

ore data than is required in the H
D

I. For
exam

ple, Q
izilbash (2001) proposes an ‘Index of Poverty and W

ell-
being’ that can be applied to nations. It is m

ade up of six com
ponents:

•
People not expected to survive beyond age 40 (%

)
•

A
dult illiteracy (%

)
•

U
nderw

eight children under age 5 (%
)

•
Proportion of population w

ith access to sanitation (%
)

•
C

om
bined school enrolm

ent ratio (%
)

•
C

onsum
ption ($ U

S per capita)

For each of the individual indicators, countries are ranked, w
ith the

country having the poorest score (note that a poor score m
ay be

high or low, depending on the indicator) being assigned a rank of 1.
T

he next poorest score is given a rank value of 2 and so on. For all the
countries, the sum

s of rank values are then put in order using the
sam

e system
, and an overall rank value is then calculated. C

learly this
scoring m

ethod is useful for com
parative purposes, but it is difficult

to interpret the significance of any individual result in an absolute
sense.

A
n im

portant point to note is that the Q
izilbash system

 proposed
for m

easuring hum
an developm

ent, w
hile different from

 the H
D

I in
the details of indicator choice and m

ethod of aggregation, is sim
ilar in

its selection of issues to be addressed. Both the H
D

I and the Index
of Poverty and W

ell-being describe hum
an developm

ent by including
as key features indicators for health, opportunities for education and
financial resources. T

he fact that both approaches categorise hum
an

developm
ent in sim

ilar w
ays indicates that they share a com

m
on

conceptual overview. 
Likew

ise, as w
e consider w

ays to m
easure agricultural sustainability,

a prim
ary goal should be to develop an overview

 of the issue that can
gain broad acceptance.
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Figure 2.7
‘D

iam
ond’ used to illustrate four com

ponents of environm
ental

sustainability. Shaded area is a diagram
m

atic representation of
the extent of sustainability for a particular exam

ple.

 
A

ir 
10

 
W

ater

10

Land
10

B
iota

10



T
he degree to w

hich the shaded area is skew
ed in one direction or

another depicts the strength or w
eakness of each category.

T
he exam

ple given here is for a four-com
ponent indicator set,

m
eaning that there are four axes, and the polygon to be plotted takes

on a distorted diam
ond shape. If there are three categories, the axes

are plotted at 120°
angles, and the resulting figure is a triangle. H

igher
order polygons are also possible, but the m

ore com
plex figures becom

e
less and less attractive in term

s of sim
plifying and clarifying a m

ulti-
com

ponent set of data. T
he use of diagram

m
atic representations of

sustainability is described in m
ore detail in R

ogers et al. (1997).

N
otes

1
The standard deviation (s) is calculated by S =

                   w
here x

i – x
m

ean

values are the difference betw
een individual and average values. N

is the num
ber of

individual values.
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√∑
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x

m
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