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FOREWORD

Sustainability (or “sustainable development”) has become the devel-
opment paradigm of the 1990s. It is a catchword in political declarations
and a cardinal point in the drafting of new laws, institutional by-laws,
agricultural research, project proposals, and financial and technical coop-
eration.

There is little consensus regarding what “sustainability” really
means and how it can be measured. This is why Agenda 21, a product of
the 1992 UNCED conference in Rio, highlighted the importance of defin-
ing indicators with which to monitor the condition of the environment.

The Inter-American Institute for Cooperation on Agriculture (IICA)
has reordered its strategies in response to the challenges that Agenda 21
poses for Latin America and the Caribbean. Its Medium-Term Plan
focuses on sustainable development as a critical ingredient for agricul-
ture, natural resources management and rural development.

In the framework of its newly-defined strategies, ICA and the GTZ
have joined forces in a project to provide the region with the tools it will
need for designing policies and projects that will promote sustainable
agriculture and the sustainable management of natural resources.
Special attention has focused on finding ways to measure progress in
sustainability and defining indicators that will provide such information.
Appropriate research has been designed, with additional funding from
the Flanking Program for Tropical Ecology (TOB), a regional program of
GTZ. By its very nature, sustainability requires a multidisciplinary
approach; thus, this project has been carried out in cooperation with
institutions specialized in complementary disciplines, such as the
Tropical Agriculture Research and Training Center (CATIE) and the
Technological Institute of Costa Rica (ITCR).
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This paper summarizes the methodological approach used by the
project and introduces an analytical framework for defining indicators,
already tested in a case study in Costa Rica. The next phase calls for a
second paper to analyze empirical information generated by the indica-
tors, and to set forth the results.
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ABSTRACT

Sustainable development stands as the development paradigm of the
1990s, but there is little consensus on what “sustainability” really means
and how to measure it. This is why Agenda 21, a product of the 1992
UNCED conference in Rio, highlighted the importance of defining indi-
cators with which to monitor the condition of the environment.

The Inter-American Institute for Cooperation on Agriculture (IICA)
and German Cooperation for Development are carrying out a project to
provide the region with the tools it will need for designing policies that
will promote sustainable agriculture and the sustainable management of
natural resources. Special attention has focused on finding ways to mea-
sure progress in sustainability and defining indicators that will provide
such information. Appropriate research has been designed, with addi-
tional funding from the Flanking Program for Tropical Ecology (TOB), a
regional program of GTZ. Research is being carried out in cooperation
with the Tropical Agriculture Research and Training Center (CATIE) and
the Technological Institute of Costa Rica (ITCR).

The question this study seeks to answer is: How can agricultural sus-
tainability be assessed? A Costa Rican watershed was selected as a model
area in which to propose a methodological approach for defining indica-
tors. Indicators must be defined according to the specific system or situ-
ation to be analyzed, taking into account the different levels of aggrega-
tion. If different systems are to be compared, the pertinent indicators
need to be defined according to a logical and replicable process, with the
criteria for the selection of indicators explained and justified.

Agroecosystems are considered the appropriate unit for analyzing
agriculture and sustainability. All three dimensions of sustainability
(ecological, economic, and social) must be addressed, and possible trade-
offs among them taken into account. Agroecosystems can be described
in terms of the condition of the resources and how they perform. Four
fundamental properties of sustainable agroecosystems have been identi-
fied: productivity, stability, resilience and equity. These criteria can be
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fied: productivity, stability, resilience and equity. These criteria can be
arranged in a matrix, with indicators selected accordingly.

This framework is currently being applied in a case study of the Rio
Reventado watershed in Costa Rica, with indicators defined by farm-
household and for the overall watershed. Several field surveys have
been carried out to obtain the information specified by the indicators.



INTRODUCTION: THE PROBLEM

During the last two decades, the development debate has undergone
profound transformation, seeking ways to accommodate environmental
and equity issues. The heavy impact of world’s environmental problems
and their greater visibility in developed and developing countries alike,
have.raised the profile of environmental issues in the consciousness of
the population in both parts of the world. Additionally, heightened
poverty levels among the majority of the population in the developing
world have made it clear that poverty alleviation and equity problems
have not yet been successfully addressed. .

“Sustainable development” is the resulting formula. It appears to
have gained broad-based support and is poised to become the develop-
ment paradigm of the 1990s. No longer do people ask, “How can devel-
oping countries attain the standard of living of the developed world?”
Instead, we ask, “How can sustainable development be achieved?” (Lélé
1991:607).

The broad concept of sustainable development was widely pub-
lished for the first time in the World Conservation Strategy (IUCN 1980).
Today’s sustainable development literature offers such a great variety of
definitions and concepts that “ .... almost anybody will find one that coin-
cides with his needs.....”(Goodland and Redcliff 1991:3).

The most widely accepted definition of sustainable development was
put forth by the Brundtland Commission: “Satisfying the needs of pre-
sent generations without compromising the satisfaction of the needs of
future generations” (WCED 1987). Although this definition challenges
current levels of consumption in the developed world, it gives no answer
regarding what is to be sustained. The popularity of the Brundtland
Commission definition may therefore be due, at least in part, to the fact
that it is so broad as to be nearly devoid of operational significance (Ruttan
1992:6).

This leads to a second problem. Attainment of the goal of sustain-
ability, however it is defined, needs to be measured in some way. How do
we know if progress is being made toward sustainability objectives? How can
we tell whether systems are more (or less) sustainable? Correct decisions on
actions and policies likely to bring about sustainability require appropri-
ate measures or indicators of sustainability (Brown et al. 1987:718). Thus,
if sustainable development is the new paradigm for development coop-
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eration, sustainability has to be made operational at the different levels
where development activities take place.

The present research is an attempt to contribute to this task. It has
been designed according to the areas of action and the priorities of the
institutions involved: the Inter-American Institute for Cooperation on
Agriculture (IICA), the Tropical Agriculture Research and Training
Center (CATIE), and the GTZ.

How can sustainability of agriculture be assessed? This question is being
analyzed in a watershed in Costa Rica. The idea is to develop a frame-
work integrating agroecological and socioeconomic information so as to
gauge the sustainability of agriculture at the farm-household level, esti-

‘mate its impacts at the regional level, and analyze options for improving
it. The results are expected to contribute empirical information on the
impact that current land use and agricultural practices in the watershed
have on sustainability, and to shed light on the usefulness of the method-
ological approach being applied.

The document is divided into four chapters: 1. This introduction,

~ which discusses the origin of the research activity; 2. An analysis of dif-
‘ferent concepts of sustainability and approaches for analyzing sustain-
ability, with special emphasis on the theoretical foundations for defining
indicators to measure sustainability in agriculture; 3. An outline of the
analytical framework used in the research activity; and 4. A description
of the case study, methodological procedures, and the present state of the
work.




SUSTAINABILITY: THE NEED FOR
CONSISTENT CONCEPTS AND CRITERIA
OF EVALUATION '

Sustainable Development and Sustainable Agriculture

The goals and possibilities for sustainable agriculture depend on a
country’s development model, which provides the framework within
which the sector can develop. At the same time, the production potential
and efficiency of agriculture have an impact on overall economic devel-
" opment, especially in developing countries where the agricultural sector
holds great importance. The present research focused its analysis of dif-
ferent concepts on definitions of sustainable development in general, and
more specifically, sustainable agriculture.

Sustainable development

The different definitions of sustainable aevelopmenf can be classified
according to their underlying development conceptsl. They fall into
three groups:

1. Asignificant group of authors equates sustainable growth with sustain-
able development. Both economic and environmental issues have to be
considered to assure that overall goals for economic growth can be
sustained. This view foresees no severe constraints on continuous
economic growth because it assumes that man-made capital and nat-
ural capital are fully interchangeable (at least for many of the natur-
al resources), and believes strongly that technical progress will offset
resource loss. However, it does emphasize the need to assess the
value of resources accurately, in order to achieve efficient allocation
of natural resources. Prices need to be adjusted to allow for environ-
mental costs and environmental accounting, which means that most
environmental functions and properties need to be expressed in eco-
nomic terms; a complete methodology has been developed for this
purpose. The position of most resource and environmental econo-
mists can be classified within this group (Solow 1992; Dasgupta and
Miler 1991). ' ’

1 Lélé (1991: 608) points out that “..development is a process of directed change, and
definitions of development thus embody both (a) the objectives of this process, and
(b) the means of achieving these objectives.”
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2. A second group of authors stresses the importance of meeting the
needs of both present and future populations. Economic growth is con-
sidered an important factor for achieving this goal, but the major
conditions are intra- and inter-generational equity. To ensure the lat-
ter, economic growth has to respect certain limits of the environment
so as not to deplete consumption possibilities for future generations.
According to some authors, respecting these limits means conserving
the actual stock of natural resources. Others assert that the point is
not to protect every resource, but to sustain a certain production
potential. Most of the definitions discussed in this paper fall into this
group, including those of the Brundtland Commission, the Food and
Agriculture Organization (FAO 1991), and the World Conservation
Union (IUCN 1989).

3. A third group of authors calls for fundamental change in the prevailing
development paradigm. These authors question the possibility of
unlimited future economic growth, pointing out the link between
distribution (equity) and sustainability. Resources which perform
important life-supporting functions are already in an extremely
advanced state of destruction; this poses issues of insecurity and risk
and suggests that any additional degradation and destruction of nat-
ural resources should be avoided. This group claims authors such as
Goodland and Redcliff (1991), Pearce, Barbier and Markandya (1990),
Costanza (1991), and the group which emphasizes thermodynamics
(Boulding 1991; Daly 1977; Daly and Cobb 1989; Victor 1991). The
last group applies principles of thermodynamics?2 to economics,
especially the second law of thermodynamics. They conclude that
growth based on depletion of natural resources leads to absolute
scarcity. This means that, after a certain level of depletion, natural
capital can no longer be increased or replaced with man-made capi-
tal. Under these premises, sustainability means development that

2 “All states of matter and all forms of energy do not have equal potential for use.
Though we neither create nor destroy matter-energy in production and consumption,
we do transform it (first law of thermodynamics). Specifically, we transform matter
from organized, structured, concentrated, low-entropy states (raw materials) into still
more highly structured commodities, and then, through use, into dispersed, random-
ized, high-entropy states (waste) (second law of thermodynamics). In the production
of commodities, energy is transformed from high-temperature energy with a potential
to do work into a low-temperature energy whose capacity to do work is lost, when the
temperature reaches equilibrium with the general environment.”

4
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produces the most efficient use of these scarce resources, contrasting
with the economic expansion of the last 400 years, based as it was on
ever-growing use of resources.

Sustainable development invokes economic, ecological and social
dimensions which, for the purpose of the present research, can be
defined as follows:

—  Ecological sustamabllzty' the env:ronment preserves the main features
essential for its long-term survival.

—  Economic sustainability: natural resources are managed according toa
regime which provides enough income to make its contmued use
attractive. -

—  Social sustainability: the system is managed in such a way that bene-
fits and costs are distributed equitably among different groups and
generations, and enough needs are met to make continued use of the
system possible.

Although these three dimensions tend to be conflicting goals over
the short run, their interdependence becomes clear over the long term,
and their relationship becomes more or less complementary. However,
sustainability cannot be achieved by maximizing all three goals at the
same time; instead, a balance needs to be found among the three, as
shown in Figure 1. Thus, sustainable development can be defined as the
desired outcome of trade-offs between economic efficiency, social equity
and ecological sustamablhty ’

Using this illustration as a reference, whenever one objective is max-
imized, then the other two become constraints. A constraint needs to be
quantified in some way. That is, maximum and minimum levels of the
elements comprising the constraint need to be defined as the tolerable
threshold. ' :

How can these maximum or minimum levels be identified? What is
meant by “fair income distribution,” “essential characteristics of the
ecosystem” and “sufficient income?” Development goals are defined by
a particular social group: in every country, society sets its own goals for
development, each community sets local community goals, and individ-
ual farmers determine farm-level development goals. Goals at lower
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Economic
Efficiency

&

Ecological Social Equity
Sustainability

Figure 1. Sustainable development.

hierarchical levels, for instance on each farm, have to be brought into line
so as not to conflict with community or societal goals.

However, “fair income distribution” does not necessarily mean that
all benefits and costs are equitably distributed; instead, even the less
well-off find that enough of their needs are met to make continued use of
the current resource management system attractive. Nor does “sufficient
income” mean that all needs are always met; a reasonable amount is met,
however, and it is up to society to make the choice. Today’s societies are
defining levels of satisfaction of needs in the form of minimum wages,
limits of poverty or health standards, and these levels change according
to the level of development and the preferences of society as a whole.

The trade-offs depend on the degree of conflict among the three goals
over different time horizons. How much environmental quality, social
equity or economic efficiency would society be obliged to give up over the
short, medium and long term? What are society’s preferences regarding
the three goals? How much environmental quality or economic efficien-
cy are people willing to sacrifice in order to gain certain social goals?
What social goals would they forego to obtain environmental quality or
economic efficiency? This is really a definition of the social discount rate.
Both relationships are dynamic and may change over time.

6
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Sustainable agriculture

The definitions of sustainable agriculture, like those of sustainable
development, vary considerably. Most include not only technical and
ecological concerns, but also views of why agriculture should be sustain-
able (the objective), and how this goal may be reached.

1. Most authors place sustainable agriculture in the context of the satis-
faction of needs and food security. They emphasize the role agriculture
must play, especially in developing countries that need to narrow the
gap between a growing population with real food needs, and actual
food production. Sustainable agriculture therefore achieves high
enough productivity to meet the changing needs of current and
future populations, while préserving its production potential
(BIFAD/USAID 1988; FAO 1991; CGIAR 1990; Young 1989; Repetto
1986 and Faini and de Melo 1990 as cited in Ruttan 1991; Girt 1990).
This is why natural resources have to be managed rationally.

2. Asecond group of authors uses a systems approach, focusing attention
on the characteristics that make an ecosystem or agroecosystem sustainable.
Sustainability is seen as the resilience, stability, productivity and effi-
ciency with which production systems or agroecosystems are man-
aged. “Equity,” another important property of sustainable agroe-
cosystems, means that products of the system are distributed evenly
or fairly (Conway 1983; Conway and Barbier 1988; Fresco 1989;
Gutiérrez 1994; Baldares et al. 1993). Several definitions place sus-
tainable agricultural production within the limits of an environmen-
tal “carrying capacity”3 (Kruseman et al. 1993:13)

~ Both groups generally recognize that maintaining agricultural produc-
tion potential is a condition for sustainable agriculture. They do not agree,
however, on the exact meaning of the concept of “production potential,”
especially as regards the importance of conserving species and natural
flora and fauna in the production process. Several authors argue that

3 This can be defined as the amount of biological matter a system can yleld over a given
period of time, using a specific production technique, without impairing its ability to
continue producing, or the number of organisms it can support without being degrad-
ed.
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needs may change over time, not only in quantity, as population increas-
es, but also in quality and composition as future populations may have
different preferences and encounter different living conditions. This
implies that present and future generations should have the same degree
of freedom of choice, which has repercussions for determining whether
ecosystems have been irreversibly changed by agriculture. Sustainable
agriculture then means maximizing production under the restriction that
the natural resource base be kept intact. The definition of this resource
base itself is still in debate.

Recent Approaches for Measuring Sustainability
of Development and Agriculture

Current approaches to gauging sustainability can be classified into
four groups:

1. Assessing environmental costs in the framework of national accounts:
There are different methods, from satellite records of natural
resources to more integrated approaches such as “green accounting,”
which posts environmental costs as an integral part of a nation’s bud-
get (El Serafy 1992; Bartelmus 1991; Daly and Cobb 1989).

2. Environmental impact analyses (EIA): This approach is often used at
the project level. Most ElAs, such as procedures used by national
and international funding institutions and by agencies in charge of
development projects, use a qualitative evaluation matrix. One side
of the matrix lists factors which could produce negative environ-
mental impacts, while the other side indicates which environmental
feature might be affected (World Bank 1991). The evaluator has to
decide which of the factors and effects are relevant.

3. Ecological-economic modeling: The approach is based on the idea that
the economy is embedded in the environment, and that the econom-
ic and ecological systems interact in many ways (Jarosch 1990).
Current economic decision models can therefore be combined with
ecological models that simulate different environmental processes
(erosion, nitrification, etc.). '
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4. Indicators: Over the last two decades, a number of countries have
begun to compile environmental statistics as a basis for defining
indicators. Adriaanse (1993), explains indicators as a tool for aggre-
gating and simplifying information of a diverse nature into a useful and
more advantageous form. Thus, a sustainability indicator would be a
number or a quality that reveals something about the sustainability
of the current stage or condition of a given process or phenomenon.

All four approaches are based on sound rationale and meet different
information needs. For example, it is critically important for environ-
mental costs to be reflected in the national accounts and GDP, because tra-
ditional GDP figures, although potentially misleading, are often used as
a basis for decision making.

Economic-ecological modeling has produced useful results, especially in
developed countries (Jarosch 1990; Dehio 1993), where the necessary data
and equipment are available and fund restrictions are less severe. The
more comprehensive environmental models generally require a large
quantity of data, which are often unavailable in developing countries.

Environmental impact analysis should be an integral part of every pro-
ject design, even if positive or negative impacts are not quantified. A
major step has been taken toward sustainable development if environ-
mental impacts are considered from the very beginning and alternatives
are found whenever negative impacts are identified.

Indicators are of more general use. They can be defined with differ-
ent degrees of precision and aggregation, depending on the objective of
analysis and available data bases. For instance, while the GDP is a high-
ly aggregated indicator, others can be defined at lower hierarchical lev-
els. This means that the information they provide is more detailed and
disaggregated, and therefore useful for identifying critical or “unsustain-
able” areas within an economy and detecting any progress, albeit slight.
Such small variations may vanish in an aggregated index or “green
GDP.” Indicators can be adjusted to the specific conditions of a system,
and models can be designed to evaluate associated variables and
processes and predict values of the indicators. Indicators can also serve
as a basis for ecological-economic modeling and environmental impact
analysis.
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Current indicator research

The indicator approach has become increasingly accepted, with
numerous institutions at different levels working to define indicator sets
for different purposes. The member countries of OECD, for instance,
have identified a number of indicators of air and water pollution, energy
use, agriculture and fishing, production of toxic waste, and the like
(OECD 1991). The World Resources Institute regularly publishes statis-
tics on quantity and quality of natural resources (WRI 1993). UNDP
annually publishes development statistics, calculating a “Human
Development Index” made up of public expenditures for health, educa-
tion and other social sectors (UNDP 1991).

The World Bank is preparing an annual report on global progress
toward environmentally sustainable development (ESD). A tentative
framework is based on the OECD set of environmental indicators (pres-
sure, state, response), adding key socioeconomic indicators and cluster-
ing environmental issues (O’Connor 1994). The World Bank also under-
took a project to address specific land-related issues of national and glob-
al significance. Concerned about the weak empirical basis for decision-
making on land degradation, it has launched a Land Quality Indicator
Initiative in cooperation with UNEP, FAO, UNDP, the CGIAR and other
institutions active in this area.

FAO is developing an agricultural policy analysis model called K-2 that
relates the policy and planning processes to a country’s social conditions
and natural resources. It will allow policy-makers and planners to devel-
op different scenarios of sustainable development in the rural sector

(Tschirley 1993).

The Scientific Committee on Problems of the Environment (SCOPE)
has begun to develop indicators of sustainable development within the
international scientific and academic community. It starts by assessing
the needs of potential users of the indicators, which is crucial if indicators
are to play their intended role as information tools for decision making.
The focus is shifting to the scientific and academic issues underlying sus-
tainable development indicators.

USAID has worked on a number of indicators that will reflect the
impacts of project activities on natural resources (Weber 1990). A study on
possible environmental strategies for Latin America (WRI/USAID/LAC

10
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1991) distinguishes three types of indicators: i) indicators describing
resource availability; ii) indicators of productivity; iii) indicators of effi-
ciency.

Ruitenbeek (1991) identifies five criteria for selection, and considers
human behavior as an element of ecosystem equity. He emphasizes that
indicators should serve not only for ex-post analysis, but also for projec-
tions into the future. Within this context, he emphasizes the prevailing
uncertainty about how the ecosystem behaves and reacts, and concludes
that the solution is to define “critical values.” Torquebieau (1989) and
Avila (1989) propose that indicators be selected for different types of
resources, resource management and resource yield.

Making Sustainability Operational
Through the Definition of Indicators

- Thus, indicators can be useful instruments for making sustainability
more operational. An essential premise is that indicators can never be
universal, but rather must be adjusted to the information needs of the
decisions they are intended to support. Do we need to develop a diag-
nosis as a basis for ex-ante recommendations on projects, programs or
policies? Do we need to prepare a monitoring system? Do we need to
project the sustainability of a given system for the future? Are we doing
ex-post analysis to measure the impact of a certain intervention?

When we analyze the current situation to identify critical ingredients
of sustainable development, we often need information from the past as
reference points, and indicators have to be selected accordingly. Ex-post
analysis of the sustainability of policies, programs and projects requires
several time series of data, and an important criterion for selecting indi-
cators is the availability of pertinent time series. Data availability is also
important for ex-ante analysis, which forecasts trends based on experi-
ences and proven knowledge about the relationships among different
factors. Information on past experiences may well be found in other
regions; experiences from outside the research area may be valid sources
if they occurred in a similar type of system or under similar conditions.

11
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The indicator set for ex-ante analysis may not be identical to the set of
indicators used for monitoring. The first case is limited to available infor-
mation, while monitoring actually generates additional information so
that the set of indicators can be improved step-by-step. However, ex-ante
indicators need to be defined logically in relation to indicators chosen for
monitoring, so that the assumptions made in ex-ante analysis can be ver-
ified. Table 1 presents three examples showing how to determine the
areas in which indicators are to be selected, based on the aggregation
level, the problems to be analyzed, and the kind of intervention involved.

Indicators are also selected at the global and international level,
using a specific methodological framework (the OECD pressure-state-
response model), and a certain societal consent is being sought by inter-
agency and international working groups. At lower hierarchical levels
(watershed, community, farm, etc.), no such common framework exists,
but indicators are often defined according to common knowledge (or
common prejudices), or according to the specific experience of the person
who selected them; when no justification is given for the choice made, it
is difficult to use the indicators as tools for evaluation or for decision-

making.

Thus, indicators need to be selected on the basis of some kind of
methodological framework. This will keep the selection process free of
criteria that are strictly arbitrary and subjective, based on assumptions
that are not fully transparent, or that fail to consider all the aspects of a
system that are of significance to sustainability. In the present research,
the analytical framework should function as a logical pathway for the
analysis of sustainability of land use at selected hierarchical levels. The
pathway guides the development of indicators which connect the form of
land use under investigation with the environmental, economic and
social conditions. Thus, they determine whether that form of land man-
agement is sustainable or will lead to sustainability.

12
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Tablel. Examples showing how to determine the areas
in which indicators are to be selected.

Example 1

Hierarchical level; Watershed

Intervention: Introduction of a gravity irrigation system for small
farmers.

Questions to be asked: What are the expected ecological, economic and
social impacts of the irrigation system at the region-
al level? From experience, a number of critical fac-
tors can be named: ecological factors, such as hydro-
logical erosion, soil and water pollution by intensive
use of pesticides and fertilizers, and inefficient use of
water; social factors, including a farmer organization
for managing and maintaining the system, and a
change of traditional land use systems; and econom-
ic factors, such as market outlets for additional pro-

duction.
Example 2
Hierarchical level: Watershed
Intervention: Change in land use over the past 20 years, from
extensive cattle management to intensive production
of vegetables.

Questions to be asked: Ex-post analysis of the ecological, economic and
social impacts of the change in land use, with the fol-
lowing critical factors: ecological, such as erosion,
soil and water contamination, and biodiversity;
social, including changes in farm size, labor force,
social differentiation between farmer classes (“mod-
ern” and “traditional”), dependence on external
inputs, health problems created by excessive or
imprudent use of pesticides; economic, including
change in family income, and dependence on exter-
nal markets.

13
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Table 1. Continuation.

Example 3
Hierarchical level: Farm
Intervention: Introduction of soil conservation measures at the
farm level (small farmers).
Questions to be asked: Expected ecological, economic and social effects of

conservation practices at the farm level, with the fol-
lowing critical factors: social, including acceptance
of conservation practices by farmers, and awareness
of erosion as a problem; economic, including costs
and labor inputs necessary for the conservation prac-
tices; ecological, such as effectiveness of soil protec-
tion, and dealing with unanticipated ecological
impacts.

14




METHODOLOGICAL FRAMEWORK
FOR THE DEFINITION OF INDICATORS*
IN AGRICULTURE

Systems Approach for Analyzing
Sustainability of Agriculture

An appropriate analytical method to understand the complexity of
particular sustainability issues in agriculture is the systems approach
(Conway 1983; Avila 1989; Torquebieau 1989). The disaggregation of the
system into components, the analysis of its structure and function, the
identification of relevant interactions and the determination of a hierar-
chy to understand links and interactions with other systems levels are the
basic steps for comprehending, intervening effectively, and measuring
effects of induced changes in the system.

Therefore, the challenge is to determine the appropriate hierarchical
scheme that will capture the critical levels at which major development
instruments will be applied to accelerate the socioeconomic process,
determining in which critical components and processes the effects of
anticipated changes may influence sustainability. This hierarchy may
include as many levels as needed to capture major interrelations, compo-
nents and effects attributable to interventions at different points in the
objective process (Dumanski et al. 1993).

4  Considering that there is sometimes confusion regarding what is intended by an indi-
cator and what is the difference between an indicator and a variable or an index, the
meanings of the different technicl terms as they will be used in this paper are
explained as follows:

e Indicators are an instrument to support decision making; that is, they provide
information regarding the past and possible future impacts of decisions.

e  Indicators can consist of a single variable, several variables or an index. An index
has been defined as the ratio between the values of a variable at different
moments (Adriaanse 1993). An index can also be constructed by the ratio
between different variables.

e  Variables are elements of a function.

e  Data represent the unprocessed information regarding a variable.

e Statistics present data in an organized way, often with the data processed.
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In the case of interventions stemming from regional agricultural
development programs, most of the activities are carried out at the farm
and watershed levels. These regional agricultural development pro-
grams usually depend on a decision-making unit as an entry point to
provoke a reaction to an intervention from the development process
(Escobar 1994). In most cases, the decision unit resides in the farm sys-
tem (even when a particular policy or regulation is initially dictated by
entities higher in the hierarchy). Impacts of the development programs,
however, may also be measured at the sectoral level.

Thus, for the present research activity, sustainability of agriculture is
equivalent to “sustainable management of agroecosystemsS, which
includes the economic, ecological and social dimensions of sustainability
as defined in the previous section. Agroecosystems can be studied at dif-
ferent hierarchical levels, as shown in Figure 2.

Agroecosystems at different levels influence each other by contact.
The agricultural farm and household system, with its plant and animal
production, disturbs surrounding natural ecosystems, whose self-regula-
tory mechanism will be partly replaced through human interventions,
such as the application of fertilizer and products for plant protection.
This leads to a weakening of the defense system against stress from out-
side the system (Conway and Barbier 1988). The effects of agricultural
activity, such as contamination by pesticides, are relevant to the farm
itself and to the local and regional systems surrounding it. As a logical
consequence, indicators should be determined, not only for the level of
the system to be investigated, but also for the surrounding systems that
are being influenced.

5  “Agroecosystems are regionally defined entities, managed for the purpose of produc-
ing food, fibre and other agricultural products, comprising domesticated plants and
animals, biotic and abiotic elements of the underlying soils, drainage networks, and
adjacent areas that support natural vegetation and wildlife. Agroecosystems explicit-
ly include people, both as producers and consumers, among the essential elements,
and hence have socio-economic and public health, as well as environmental, dimen-
sions” (Waltner-Toews 1993:3).
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World
Nation/Sector
i
Watershed
Community
Farm-Household
Handicrafts ' : Off-farm
Manufacturing Employment
Farming Systems '
\J
Agricultural
/ Froducton System \
Animal Production Crop-Production
System # System
Paddock, Herd Field, Crops
Animal Environment Plants,
Environment

Figure 2. The hierarchy of agroecosystems.
Source: Figure 3: The hierarchy of agroecosystems in Conway and Barbier (1988:657).
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Properties of Sustainable Agroecosystems

The disaggregation of system components and their relevant interac-
tions are basic aspects of systems analysis. The different elements of an
agroecosystem are the resources involved, and their interactions are
demonstrated by the functioning or pérformance of the system.

Resources include such elemerits.as water, soil, flora, fauna, air,
human capital, financial resources, cultural goods, and unique land-
scapes. The performance of the system, in the view of Avila, should be
distinguished from the management of the system (inputs, energy, land
use) and the products of the system {production, waste, residues) (ICRAF
1989).

Thus, sustainability of a system may be determined by indicators
describing the state of its different components, or more specifically, by
the quality and quantity of the different resources of the system and/or by
indicators which measure the rate at which changes occur in the state or
performance of the system. The latter characterize the rate of a process
(e.g., soil loss or nutrient loss per ha per year), whereas the former
describe the state of a process (e.g., soil pH or organic matter).

Furthermore, according to the model proposed by Gutiérrez (1994)
and the definitions of sustainable agriculture discussed above, at least
four unportant properties for sustainable agroecosystems have to be con-
sidered: .

1. Productivity: Productivity may be defined as the output of product per
unit of resource input. It tells how production factors or inputs are
combined to produce outputs, that is, the ratios of conversion of each
input into output: ( Zo;/le )- Normally productivity is measured
in physical units, except when components of inputs and outputs are
extremely heterogeneous. Consequently, they must be weighted,
most commonly with price indices (Schéfer 1987). Productivity is
strongly related to technical efficiency, which is defined as the maxi-
mum attainable level of output at a given level of inputs. It can be
measured as actual output divided by maximum output at a given
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level of inputs (Op¢t /Omax | I = given input level; Ellis 1989) or the
ratio between minimum input use and actual input use (Iyn / It |
Q = given output level; Farrel, Pearson and Campbell 1957).

Stability: Constancy of productivity of the agroecosystem, month-to-
month and year-to-year, in the face of normal fluctuations and cycles in
the surroundmg environment due to such variations as weather or
market demand for agricultural products (Conway 1983). In contrast
to productivity, which refers to a level, stability refers to the variabil-
ity of the trend. It can be measured by a trend-adjusted coefficient of
variation:

o= l/nE(xl x;*) and v* = 6*/M
i=1

where x;* = = trend value of the variable x and s2°, s*, n* = trend-adjust-
ed variance, trend-adjusted standard deviation, and trend-adjusted
vanatlon COeff1c1ent '

Resﬂience The abllzty of the agroecosystem to maintain productwlty in
the face of stress or shock. Stress is defined as a frequent, sometimes
. continuous, relatively small, predictable force having a large cumu-
lative effect. Shock is defined as a major, relatively large, unpre-
dictable event. Stress may be caused by flawed management tech-
niques, whereas a shock could be a major event, such as a new pest,
a rare drought, or a sudden massive increase in input prices (Conway
1983).

Resilierice may be measured by observing the long-term productivi-
ty trend. If productivity goes into a slide or displays abrupt decreas-
es without returning to the original level, the system is not capable of
buffering whatever the influencing factor was in order to maintain
‘productivity.

. Equity: The manner in which the benefits and costs of production in the

system are shared. Equity may be defined as the even distribution of
the system’s productivity among human beneficiaries (Conway and
Barbier 1988). It can also be analyzed in terms of the access of dif-
ferent social groups to the resources of the system. Equity can be
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described in terms of measures of absolute concentration. One exam-
ple is the Herfindahl Measure:

n n
H= inz / (}:xi)z
i=1 =1
wheré Xj is the value of the i-th element. It could also be gauged with
measures of relative concentration like the Gini coefficient: Kg =
Fy/(Fg+F,), where F; = area between the diagonal and the Lorenz
- curve and F, = maximum area between the diagonal and the Lorenz
curve.

Resilience [\, ,

Figure 3. Resilience.
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A Matrix for the Selection of Indicators

Sustainability has three dimensions: ecological, economic and social.
Sustainable agriculture has been equated with sustainable management
of agroecosystems. Agroecosystems may be described in terms of the
state of their resources and performance, and four fundamental proper-
ties for sustainable agroecosystems have been discussed. All these crite-
ria can be combined in a matrix, as shown in Figure 4. Indicators can
then be selected according to the characteristics of different squares in the
matrix. For instance, indicators which describe ecological /biophysical
productivity of the different resources appear in one square, while the
next square shows productivity from an economic standpoint. (The
Appendix gives a more comprehensive explanation of the potential con-
tents of each square.) '

Several of the squares, however, may contain the same indicatars.
Since most processes and indicators interact in some way, multiple m)dn
cators can be used to approximate different effects of processes.

Some of the squares may remain empty in specific cases when no
appropriate indicators can be found. The usefulness of the matrix lies in
its ability to include all important aspects in the analysis, and serve as a
pathway for the process of selecting indicators. :

Indicétors, then, pass through a selection process in which they are
measured against a series of quality criteria, especially cost-effectiveness,
their explanatory power and their significance to a specific problem:...
o Indicators should be relatively easy to measure and cost-effective to deﬁne

o Indicators should correspond to the aggregation level of the system unde‘r
consideration.

o Indicators should be developed in such a way that they also allow the local
population to participate in defining them.

o It must be possible to repeat the measurements over time.

o Indicators should give a significant explanation of the sustainability of the
observed system.
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o They should fit the specific problem to be analyzed and the needs of the users
of the information.

o  They should be sensitive to changes in the system.

o Individual indicators must always be analyzed in relation to other indica-
tors.

o They should give basic information, so that the trade-offs between the dif-
ferent dimensions of sustainability can be assessed.

Critical Aspects and Limitations of the Indicator
Approach: The Need for a Reference System and
Problems of Aggregation

The matrix presented above structures the process of selecting indi-
cators and makes it more transparent; it does not guarantee a totally
objective choice, however, and it leaves a considerable margin for value
judgment.

Individual indicators are always analyzed in relation to other indica-
tors. In order to avoid misinterpretation, it should be clearly specified
which indicators make a significant explanatory contribution and which
indicators must be used in combination with others. If, for instance, the
development of soil productivity in a region will be measured using the
average yield /hectare indicator, series need to be observed over a suffi-
ciently long term to separate yield variation caused by annual climate
fluctuations; for the same reason, changes in input and land use, and
their impacts on yield, have to be taken into account. The average
yield /hectare indicator alone could lead to misinterpretation regarding
sustainability if these other aspects are not included.

Qualitative aspects, such as spatial diversity and biodiversity
(important for the ecological resilience of the system) or soil fertility
(important for productivity) are often difficult to take into account explic-
itly and to quantify in this matrix. However, such aspects are usually a
mixture of processes that can be quantified more easily. For example, soil
fertility can be subdivided into chemical, physical and biological processes.
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The question is, given that indicators vary from one system to anoth-
er, how can different systems be compared and how can the performance
of a system be evaluated? Since no evaluation is possible without a ref-
erence system, indicators have to be compared with reference values, so
as to determine the degree to which sustainability has been reached. At
the very least, such a tactic will show which of a given set of alternatives
is closer to a sustainable situation.

The need for a reference system

According to Adriaanse (1993) and OECD (1993), there are several
ways to define reference values:

- Threshold values, or critical values of indicators. An amount higher
than the critical value of an indicator may be expected to have sig-
nificant negative impacts. Threshold values should be defined sci-
entifically and be less subjective.

~ Historical values, which presumably represent a sustainable situa-
tion. The Dutch government, for instance, is using the year 1930 as a
reference value for water quality in the North Sea.

- Target values, such as certain water quality standards set by the gov-
ernment. Target values and, to a certain degree, historical values are
subjective, and require some kind of consensus in the affected soci-
ety in order to be implemented. ’

For certain indicators already in use, well-founded thresholds can be
a helpful measurement. Ecological standards, such as extreme values for
tolerable resource degradation, can be partly deduced from natural sci-
ences. Threshold values can be based on norms defined by such institu-
tions as the World Health Organization (WHO), the Food and
Agriculture Organization (FAO) or other international and legal entities.
For other characteristics, however, more normative values may have to
be adopted, especially for certain social and economic indicators. For
instance, no one has determined the.equity threshold beyond which
social unrest may occur. Minimum wages high enough to meet basic
needs may be considered threshold values which, if not met, may lead to
health problems. Nevertheless, such a measurement normally falls in the
category of target values, since the concept of basic needs varies from
country to country and, very often, reflects value judgment.

24



methodological framework

If no threshold values exist and no societal consent can be found
regarding target values, there are two additional options. While they are
not useful for evaluating whether a system is sustainable, they do give a
rough idea of its relative position regarding past development and simi-
lar systems:

~ Trends in the value of an indicator, such as changes in soil loss,
income levels, income distribution, and the like.

~ Average values of similar systems, as when comparing Costa Rica
with average values of Central America.

The definition of reference values is one of the most critical points in
the discussion of indicators. If indicators are used only for monitoring
purposes, reference values may not be necessary, but if a given situation
is to be evaluated, or different alternatives are to be compared, a cruc1al
question is what kind of reference values have been selected

One of the comparative advantages of this approach is the fact that
indicators provide a disaggregated description of a system, and thus are
useful for identifying critical areas of sustainability that may be over-
looked in a more aggregated index. However, a certain degree of aggre-
gation may be necessary to compare different alternatives and discover
which one may be more preferable in terms of sustainability.

Aggregation of indicators

Different categories of aggregation can be used, such as spatial aggre-
gation, temporal aggregation, and sectoral aggregation. However, in the
end, the different indicators need to be summed up. This means that,
regardless of the category used, a common denominator has to be found.
Frequently this common denominator is obtained by giving an econom-
ic value to the variables involved in an indicator. Resource economics
and environmental economics have developed instruments to evaluate
ecological impacts economically (user value, option value, contingency -
value, etc.).

Where this is not possible, different systems may be compared by

their distance from the pertinent reference values (Adriaanse 1993). A
system in which most of the indicators are close to achieving a reference
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value (i.e,, a target value) may be considered more sustainable than sys-
tems in which the values of the indicators are distant. By contrast,
threshold values are levels that normally should not be surpassed. Thus,
a system may be assessed as more sustainable when the values of its indi-
cators are relatively far beyond a minimum threshold or below a maxi-
mum threshold. Aggregation could be carried out according to the fol-
lowing formula:

n
SI= 1/100* Z IV/WF,
1=

WFi = lm/ TVi
where:

SI = Sustainability index
WEF,; = Weighting factor of indicator i
TV, = Target values of indicator i .
This formula does not take into account that the importance which
the different indicators have regarding sustainability may vary; instead,
it is assumed that every indicator has the same influence, which may not
reflect reality. This could be changed by giving weights to the indicators
according to their relative importance. This, however, is a value-laden
process, especially regarding the relative importance of ecological, eco-
nomic and social indicators. To make sure these weights reflect scientif-
ic knowledge and societal consent, expert surveys could be carried out to
interview the respective scientists regarding the relative importance of
indicators within the three dimensions (ecological, economic and social).
Representatives of society could also give their opinions regarding the
relative importance of indicators between the dimensions. In Germany,
an expert survey was carried out to discover the opinions of experts of
different disciplines, regarding a proposed indicator catalogue (Nieberg
and Isermeyer 1994). There could be no indicator which all the experts
consider to be appropriate, and the rating of the indicators may vary con-
siderably among experts.

Utility analysis, an approach used especially in the marketing sector,

has also been applied to issues such as the potential of landscapes for dif-
ferent forms of land use. It structures the aggregation process in order to

26



methodological framework

make it more transparent and comprehensive. Utility analysis takes into
account the fact that there may be a relationship among the different indi-
cators, so that they reinforce each other or neutralize each other. Thus,
summing them up in an index may be misleading. According to
Bechmann (1978), the aggregation process in utility analysis must be car-
ried out using the following steps:

1. Assess the current level of each indicator.

2.  Define the contribution of each indicator to the overall goal (in our case, sus-
tainability).

3. Identify the interrelationships among the different indicators.

4. Based on the results of steps 1 - 3, calculate the effective contribution of each
indicator to the goal.

5. Aggregate the values of the indicators, weighting them by their respective
contribution to the goal.

Although this approach is more comprehensive, it cannot be consid-
ered unbiased since steps 2-4 require a normative framework. Thus, it
follows that whatever kind of aggregation is used, it must be carried out
transparently, with assumptions and value judgments clearly identified
and considered accordingly in the interpretation of the results.
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APPLICATION OF THE FRAMEWORK
IN THIS RESEARCH

The methodological framework discussed above has been imple-
mented to define indicators at the regional and local levels in a case study
of a Costa Rican watershed.

The Research Area: Agroecological Conditions
and Prevalent Farming Systems ,

The Rio Reventado watershed is located in Cartago, Costa Rica and
has an area of 2,152 ha, consisting of volcanic soils, sharply sloping banks
and unstable slopes. The main river bed is 12 km long, and is a typical
mountain river, one or two meters wide and 15 cm deep during the dry
season, and some five meters wide during the rainy season. The source
of the river is located two kilometers southeast of the main crater of the
Irazi volcano, at an altitude of 3,432 m. Annual precipitation is about
1,700 mm, with a dry season from December to April. Average tempera-
ture is 13 degrees C, varying with the altitude and season. The Rio
Reventado is one of the affluents of the Reventazén river, where a hydro-
electric power plant is located. Sedimentation have been reported in the
main basin, resulting from the sediment load carried by the river, and is
affecting the production capacity of the plant.

Most of the upper part of the watershed is covered with secondary
forest, with a few spots of primary forest in “Prusia” national park. Areas
outside the park are used for extensive cattle grazing. The middle and
lower parts of the watershed are mostly cultivated with annual crops,
even on steep slopes ranging range from five to 70 percent. There are
also some cattle raisers and farmers temporarily using some areas as pad-
docks in order to restore depleted soil fertility.

Most of the farmers own their land (farms range from 0.25 ha to 50
ha) and cultivate an average of three hectares with horticultural crops
(potato, onions, carrots, cabbage, beans, etc.). Land use is very intensive,
with two or three harvests per year, and a significant share of the farm-
ers use irrigation during the dry season. Fertilizer and pesticide use are
relatively high, and most of the farms are partly mechanized, renting
tractors for plowing. Most farmers alter drainage as the only soil con-
servation measure.
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In the three districts of the watershed, population has been estimat-
ed at 8,900. Infrastructure permits access to markets, and the whole
region has electricity and potable water. Most of the production is sold
in the Central Valley and in San Jose, the capital city. Only a few farmers
export to other Central American countries and to the United States.
Unlike other staple items such as rice, maize and animal products, whose
prices are regulated, horticultural products are subject to wide annual
price fluctuations, depending on supply and demand factors and to
import regulations. As a result of trade liberalization policies, import
barriers for horticultural crops are disappearing.

Using this information, some hypotheses have been formulated with
regard to factors that may affect sustainability of land use in the water-
shed:

o  The quality of soil and water resources is affected by current land use.
e Soil productivity has decreased in areas with highly degraded soils.

o Intensive land use with few rotations and high pesticide use have affected
the system’s resilience and stability, evident in high pest and disease pres-
sure, and resistances.

e  High pesticide use leads, in some cases, to residues in crops and health prob-
lems for workers applying the chemicals.

o At the regional level, inappropriate land use leads to a considerable sediment
load transported to the Reventazon river and contributes to sedimentation
problems in the Cachi Dam.

Data Generation

According to the methodological approach, data had to be generated
at three levels: the plot level, estimating indicators of soil quality, soil
degradation, production techniques and yields; the farm-household
level, integrating aggregated information obtained from the plots and
data compiled through the socioeconomic survey; and the watershed
level, to analyze indicators of water quality and incorporating informa-
tion on land use and soil degradation into a geographic information sys-
tem. The data generation process consisted of the following steps:
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1. Diagnosis of the environmental and socioeconomic situation in the water-
shed, based on secondary information and a pre-survey.

2. Formulation of hypotheses regardzng the possible zmpacts of present land
use on sustatnabzlzty

3. Identification of a prelzmtnary set of indicators at the farm and watershed
levels.

4. Analysis of information requirements. Design of a procedure for primary
* and secondary data generation:

- Analysis of soil and water samples

—  Monitoring of production technology during one year
- Yield measurements

—  Socioeconomic survey

—  Crop analysis

—  Primary and secondary information regarding sustainable land use
practices and their respective costs and benefits

—  Secondary information regarding marketing, prices, infrastructure, etc.

5. Revision of the prelzmznary indicator set and deﬁmtzon of the final indica-
tor set.

In accordance with the initial hypothesis, physical data generation
concentrated on soil and water resources (surface water), which are pre-
sumably affected by present land use. The objective of the soil analysis
was to determine whether, and to what degree, present land use practices
have altered the soil in a way that diminishes sustainability of agricul-
tural production. Therefore, soil quality parameters found at the differ-
ent farms had to be compared with the values from unaltered soil of the
same type and from the same region.

The survey region lacked natural areas; therefore, reference samples
on soil quality had to be taken from areas which have been under pasture

31



how to measure sustainability

for a considerable time. This represents a severe constraint for several
reasons. First, pasture cannot necessarily be considered an appropriate
land use for this area. Second, people very often convert horticultural
areas into pasture when soil productivity seems to be exhausted. Thus,
the pasture samples do not represent the unaltered resource soil.

Over the last forty years, vegetable production in the research area
has expanded greatly, to the detriment of cattle production; farms are
therefore growing vegetables with different time horizons. For this rea-
son, well-selected soil tests, could provide an indication of medium- and
long-term changes in soil conditions resulting from the change in land
use. Unfortunately, the information on time horizons of horticultural
production does not seem to be very reliable due to changes in land
tenure. Nevertheless, it will be analyzed if soil quality indicators are
found to correlate with the length of time the land has been used for hor-
ticulture.

Since degradation symptoms vary strongly with slope, soil and pro-
ductivity analyses were conducted on samples taken from the different
types of slopes predominant in the region.

Depth of topsoil, visible erosion$, and percentage of organic matter
were selected as indicators of soil quality, in order to detect changes
caused by current land use practices. Fertility analysis has been includ-
ed even when it is expected to yield no significant results regarding
degradation caused by intensive land use. By contrast, in some cases,
chemical analysis produced higher values in intensive use areas than in
the reference sample, due to high fertilizer application. Since fertilizers
are applied several times per year, there is almost no occasion when its
influence can be overlooked, and the cumulative effect has to be consid-
ered. Nutrient levels, however, are necessary to evaluate farmers’ fertil-
izing practices and to estimate fertilizer leaching.

Yield measurements were taken at every soil sample point, for analy-
sis of possible impacts of soil quality on yields. Additionally, because of

6  Refers to visible soil damage caused by accelerated erosion. The level of erosion is
measured on the basis of field observations of pedestals, denuded roots, the presence
of furrows, gullies, landslides, mass removal and the accumulation of sediments at the
foot of slopes and in drainages. There are five categories of erosion (from 1=null to
S5=very severe).
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high levels of pesticide use, a limited number of yield and soil samples
were analyzed for pesticide residues.

The multi-visit survey covered the middle part of the watershed,
where most intensive production is concentrated. The participating
farms were monitored over the course of two and, where necessary, three
cropping seasons. This permitted effective monitoring of land manage-
ment practices, as well as pesticide and fertilizer applications, which
must later be related to yield measurements and soil quality indicators.

The socioeconomic survey covered a somewhat smaller sample.
Since questions regarding health, income, spending and savings require
a considerable level of trust, it was impossible to cover the entire sample.
Information regarding input and output prices and the quality and com-
position of pesticides.and fertilizers was gathered at the regional level,
since there were no major differences from one farm-household to another.

A study of surface water quality was conducted at the regional level.
The study’s objective was to relate measured water quality parameters to
land use, management practices and some biophysical conditions.

For this purpose, nine measuring points were selected along the
course of the Rio Reventado and some of its affluents, and monthly water
samples were taken during the rainy season’. A later attempt will be
made to estimate the economic value of water-quality degradation, in the
context of sedimentation problems at the Cachi Power Station.

Secondly, a basic map was drawn, showing the farms which were
covered by the surveys, to facilitate updating of existing land-use maps
of the watershed. Additionally, socioeconomic information from the
farm-households can be included for use in analyzing their relationship
with environmental factors such as land-use capacity® and conflicting
land use. '

7  The measured parameters include temperature, dissolved oxygen, pH, conductivity,
turbidity, nitrates, phosphates, ammonia, potassium, magnesium, calcium, chlorides,
total solids, dissolved and suspended solids.

8 Maximum intensity of land use, taking into account the ecological limits (according to
the FAO approach).
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Indicators Selected

Indicators cannot always be defined for every element, every prop-
erty and all three dimensions of sustainability, without at least some
squares of the indicator matrix remaining empty. In other cases, a single
indicator may fit more than one property. The important point is that the
system has been checked for all the characteristics of the matrix, and that
the indicators ultimately selected describe the sustainability of the sys-
tem as a whole.

Table 2. Indicators at the watershed level.

Dimension: Ecological

Property: Productivity

Element: Land

Indicator: Yields per ha of different crops (in comparison with yields
at the national level and in other areas)

Element: Water

Indicator: Index of water quality of SENARA project irrigation water

Indicator: Water quality index at the different sample points

Indicator: Content of nitrate, ammonia, potassium and phosphate at

the different sample points
Indicator: Percentage of water samples with pesticide residues
Element: Management/performance of the system

Indicator: Regional crop production (MT)
Indicator: Yields per ha of different crops (kg/ha)
Indicator: Fertilizer application kg/ha

Property: Stability
Element: Management/performance of the system
Indicator: Yearly fluctuation of regional crop production

Indicator: Yearly fluctuation of regional crop yields
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Property: Resilience

Element: Land

Indicator: Percentage of area with physical erosion, according to
severity

Indicator: Measures of sediment load (MT)

Element: Flora and fauna :

Indicator: Area with natural vegetation, as percentage of total area

Indicator: Area with crops using low pesticide input, as percentage
of total cultivated area

Element: Management/performance of the system

Indicator: Ratio between land-use capacity and present land use

Indicator: % of denuded land during parts of the rainy season

Indicator: % of farms on steep land with adequate land conservation
measures

Indicator: Application of pesticides (kg active ingredients/ha)

Indicator: Number of products with problems of pesticide-resistent
infestations -

Property:  Equity

Element: Land

Indicator: Gini coefficient of land tenure

Element: Water

Indicator: % of farmers with official access to irrigation water
(SENARA)

Indicator: % of farmers using river water for irrigation

Dimension: Economic

Property: Productivity

Element: Land

Indicator: Land price (colones/ha)

Indicator: Land rental (colones/year/ha)

Element: Water

Indicator: Price for the use of irrigation water (colones/ha/year)

Element: Management/performance of the system

Indicator: Average regional gross margin per ha of different crops

Indicator: Average expenses for fertilizer (colones/ha)

Indicator: Salaries for land workers (colones/ha)
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Property: Stability

Element: Management/performance of the system

Indicator: Fluctuation of crop income

Property: Resilience

Element: Management/performance of the system

Indicator: Area with onions and potatoes as percentage of total cul-

s tivated area

Indicator: External inputs (fertilizer and pesticides) as percentage of
total input costs

Indicator: Saving and investment capacity (Average difference
between income and expenditures on the farm)

Property:  Equity

Element: Financial resources

Indicator: Percentage of farmers with access to credit

Element: Human resources

Indicator: Percentage of farmers who received technical assistance

Element: Management/performance of the system

Indicator: Percentage of farms which depend on market intermedi-
aries

Dimension: Social

Property: Productivity

Element: Management/performance of the system

Indicator: Regional farm-household income (colones/year)

Indicator: Farm worker wages (colones/year)

Property: Stability

Element: Management/performance of the system

Indicator: Fluctuations in farm-household income

Property: Resilience

Element: Land

Indicator: Percentage of farmers who own their land

Element: Human resources

Indicator: Percentage of farmers with secondary education
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Indicator: Percentage of farm-households whose children are in sec-

ondary school
Indicator: Percentage of farm-households making provisions for old
age
Element: Financial/capital resources .
Indicator: Percentage of farmers with means of transportation
Element: Management/performance of the system

Indicator: Number of pesticide poisoning cases per year .
Indicator: Health expenditures per year and family member

Property: - Equity

Element: Financial/capital resources :

Indicator: Percentage of farmers living in their own houses

Indicator: Percentage of farm-households covered by the social secu-
rity system

Element: Management/performance of the system

Indicator: Gini coefficient of farm-household income

Table 3. Indicators at the farm-household level.

Dimension: Ecological (physical éuality and quantity of resources)

Property: Productivity -

Element: Land

Indicator: % organic matter

Indicator: Inventory nutrients/area (kg/ha)
Indicator: Yield/nutrient input

Element: Management/performance of the system
Indicator: Yield/nutrient input (kg/kg)

Indicator: Fertilizer application (kg/ha)

Indicator: Fertilizer leaching (kg N per ha)

Property: Stability

Element: Land

Indicator: % organic matter

Element: Management/performance of the system

Indicator: Yield fluctuation per ha
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Indicator: Area of potatoes and area of onions as percentage of total
cultivated area
Property: Resilience
Element: Land
Indicator: Depth of topsoil (cm A horizon)
Indicator: Degree of visible soil degradation (using FAO approach)
Element: Flora and fauna
Indicator: Share of ‘area with low-input crops as percentage of total
area planted (beans, etc.)
Element: Management/performance of the system
Indicator: Share of area under onions and potatoes as percentage of
total area planted
Indicator: Share of area planted to leguminous crops as percentage
of total area planted
Indicator: Intensity of land use (number of harvests per year)
Indicator: Quantity of pesticides applied (kg/ha of active ingredi-
ents)
Indicator: % crop loss caused by pests
Dimension: Economic
: Productivity
Element: Management/performance of the system
Indicator: Total factor productivity in potato and onion production
Indicator: Gross margin/ha
Indicator: Income per day of family labor
: Stability
Element: Management/performance of the system
Indicator: Variation of crop income from year to year (potatoes and
onions)
Indicator: Variation of family income from year to year
Indicator: Incomes from onions and potatoes as percentage of total
farm income
: Resilience
Element: Financial/capital resources
Indicator Capital accumulation (value of farm equipment, means of
transportation, houses, etc.)
Indicator: Debt in colones/ha cultivated land
Indicator:  Debt in colones/adult family member
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Indicator: Savings in colones per year

Element: Management/performance of the system

Indicator: Costs of pest management

Indicator: Value of production loss in (colones/ha)

Indicator: Costs of plant protection (colones/ha)

Indicator: Share of plant protection costs as percentage of total input
costs

Indicator: Costs of fertilizing (colones/ha)

Indicator: Share of fertilizing costs as percentage of total input costs

Indicator: Value of fertilizer leaching (colones/ha)

Indicator: Income from onions and potatoes as percentage of total
farm income

Indicator: Off-farm income (as percentage of total family income)

Dimension: Social

: Productivity

Element: Management/performance of the system

Indicator: Ratio of household expenses to income

Indicator: Frequency of need for consumer credit

Indicator: Ratio of income per adult family member/alternative
wage

Property: Stability

Element: Management/performance of the system

Indicator: Difference between lowest and highest income over the
last 10 years

: Resilience

Element: Human resources

Indicator: Level of education of farmer and spouse

Element: Management/performance of the system

Indicator: Frequency of participation in training events

Indicator: Expenses for education/year and family member

Indicator: Health expenses/year and family member

Indicator: Provisions for age/year
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CLOSING REMARKS

The research described is still in progress, and no final conclusions
can yet be drawn. However, the systems approach has proven to be very
useful in defining indicators and identifying information needs; it may
be especially helpful for linking indicators at the farm-household level to
indicators at the watershed level.

A review of the list of indicators classified under each system prop-
erty, reveals that most indicators are related to “resilience.” Resilience
has been given a broad significance, referring not only to ecological
aspects, but also to economic and social features. An economy with a
high external debt burden and low capacity to pay for it may break down
if faced with a shock such as a sudden, strong contraction in export earn-
ings. High rates of erosion show that the system is exposed to continu-
ing stress caused by unsustainable land use. Inappropriate land use
which does not respect ecological limitations hinders the resilience of the
system to withstand stress factors such as drought. Finally, a farming
system with capital reserves is more highly resilient than one without
such reserves, and may be able to survive price declines and other exter-
nal shocks and stress factors.

Thus, resilience seems to be a fundamental property of sustainabili-
ty; in fact, Conway and Barbier (1988) define sustainability as resilience.
This document merely broadens their concept to include productivity,
stability and equity. This is because it is not enough merely to sustain
some level of production after shock and stress; rather, the system must
sustain the level necessary to meet the needs of the population. Moreover,
its benefits should be distributed in a way that allows these needs to be
met.

The next phase of this work will examine the empirical results of the
case study. Special emphasis will be placed on an analysis of relation-
ships and trade-offs among the different indicators, the properties of the
system and the three dimensions of sustainability. An attempt will then
be made to aggregate the indicators in a farm-household model and to
determine reference values which may be compared with the empirical
results obtained in the watershed.






APPENDIX: CRITERIA FOR DEFINING
INDICATORS

Characteristics considered for filling the squares of the indicator
matrix:

Ecological productivity: Ecologically, productivity is the rate at
which radiant energy is stored by photosynthesis and chemosynthesis, in
order to produce organic matter. In more general terms, it can be defined
as the relationship between biophysical inputs and biophysical outputs.

Economic productivity: Productivity may be defined as the output
of product per unit of resource input. It reflects the way production fac-
tors or inputs are combined to produce outputs, that is, the conversion
ratios of each input into output. Productivity is normally measured in
physical units, except when components of inputs and outputs are very
heterogeneous. In such cases, they must be weighted, most commonly
with price indices (Schifer 1987). In the matrix, economic productivity is
defined as the relationship between monetary inputs and monetary out-
puts (proﬁtablhty of the system), as opposed to ecological productwlty

Social productivity: For the purpose of the matrix, socnal produc-
tivity has been defined as the ratio between the level of productivity and
production (and the product composition) and the needs of the popula-
tion, as in the relationship between family income and the basic food bas-
ket.

Ecological stability: This is the capacity of the system to buffer
annual fluctuations in environmental factors (temperature, precipitation,
etc.), in such a way as to maintain productivity within a certain range
(Conway and Barbier 1988). A stable system displays very little produc-
tivity variation around a tendency. If, for instance, the soil has good
water-holding capacity, due to soil type and plant cover, the system tends
to be stable in the face of fluctuating rainfall.

Economic stability: Economic stability is the capacity of the system
to respond to annual fluctuations in factors of the economic environment
(such as product prices or inputs), and still maintain profitability levels ,
within a certain range. For example, if the system is flexible enough that
input use can be adjusted when relative prices slip, it tends to be stable.
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Social stability: This is the capacity of the system to buffer annual
fluctuation of factors in the social environment (food prices, income lev-
els, and the like), in preserving the level of general welfare within a cer-
tain range. For instance, a family that produces enough food to accumu-
late food reserves can weather a low-production year without greatly
reducing its nutritional status. :

Ecological resilience: The capacity to buffer ecological stress, such
as inappropriate farming systems or a prolonged drought, or ecological
shocks, like a major pest outbreak (Conway and Barbier 1988). A resilient
system will soon recover and regain earlier productivity levels.

Economic resilience: Economic resilience can be defined as the
capacity to buffer lengthy stress, such as steady increases in input prices,
or a shock, such as a sudden drop in product prices, and return to its orig-
inal profitability.

Social resilience: This is the degree to which a system is able to cope
with economic and ecological stress and still satisfy needs sufficiently,
losing neither its ability to satisfy needs, nor the possibility of enjoying
such satisfaction into the future. The shock could be the -appearance of
an infectious disease; if the family is well nourished and belongs to a
social secuirity system, the disease will not cause major problems, since
the family has savings and access to adequate medical care.

Ecological equity: Equity has been described as the manner in
which the benefits and costs of production in the system:are shared
(Conway and Barbier 1988). Equity can also be assessed in terms of the
ability of different social groups to obtain the resources of the system.
Thus, ecological equity describes access to natural resources and to the
distribution of ecological benefits as well as costs. For instance, access to
safe water, a clean environment, and recreational areas, or exposure to
contaminants; very often, poor people live in more highly contaminated
areas (an ecological cost).

Economic equity: Economic equity reflects the distribution of eco-
nomic profitability and access to economic goods and resources. As an
example, wage levels may be differentiated by sex or ethnic group, or
access to economic opportunities or credit may be discriminatory.
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Social equity: This involves the distribution of satisfaction of needs,
and access to the goods and services of society. An example is equitable
distribution of income among different social strata.
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DIMENSION Ecolégica Econémica Social
PROPIEDAD Recursos |- memanmmm " | Recursos | -Desempefio Recursos | Desempefio
Productividad | ERP1 EDP1 ~ ORP1 ‘ODP1 SRP1- SDP1
ERPn | EDPn . ORPn | ODPn SRPn SDPn
Estabilidad ERSI EDS1 ORs1 oDs1 - SRS1 SDSs1
ERSn ) EDSn ORSn oDSn 'SRSn SDSn
Resiliencia ERR1 | EDRI ORRI . | ODRi SRR1 SDR1
ERRn | EDRn " ORRn | ODRn ~ SRRn SDRn
Equidad ERE] . EDE1 ORE1 ODE1 SRE1 SDE1
_EREn EDEn OREn ODEn SREn SDEn

E = Indicadores ecolégicos, O= Indicadores econémicos, S= Indicadores sociales

P = Productividad, S= m&.m_u,maua\ R= Resiliencia, . E= Equidad

Figura 4. Matriz para la definicién de indicadores de sostenibilidad.
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