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Preface

In 1998 a new vision was launched for the Consultative Group for International Agricultural
Research (CGIAR). The CGIAR supports 16 international research centers with a combined
budget of $350 million per annum. The new vision focused on alleviating poverty and
conserving the environment. This new orientation was driven by changes in the external
environment in which the CGIAR operated. Other organizations were increasingly filling the
traditional plant breeding and crop protection role of the CGIAR. Large multi-national agro-
industrial companies were now important players in this arena and in addition the national
research systems in countries such as India and Brazil were taking on many of the traditional
roles of the international centers. A second external factor was that the new environmental
agreements that had emerged from the Rio process were creating demands for research in
developing countries—most notably because those international agreements dealing with forests,
desertification, biological diversity and climate change all had major implications for the
livelihoods of the poor. The CGIAR had the capacity to meet the hitherto unmet research
needs associated with these emerging agendas.

A task force was established by the CGIAR to examine how the research of the centers could
be adapted to provide more emphasis to integrated natural resource management. The task
force comprised prominent natural resource scientists both from the centers, from national
research systems and from advance research institutes. Views on the potential role of the
CGIAR in integrated natural resource management differed widely. Many felt that the CGIAR
should restrict itself to natural resource issues relating to soil and water management—an area
where a considerable track record existed. Others sought to broaden the agenda to address
the full range of environmental issues on the international agenda.

It became apparent that a diversity of research activities were going on at the centers that fell
under the general heading of integrated natural resource management. Some centers were at
the cutting edge of on-farm action research, while inter-center groups were working on issues
such as common property resource management. Other groups of scientists were dealing
with the livelihoods of forest-dependent people, the opportunities and impacts of climate
change for the poor, and integrated coral reef management. A wide range of integrative tools
was being used and it rapidly became apparent that the sharing of the information on these
approaches could improve the performance of all concerned. A “community of practice”
became established and continuing interchanges on natural resource management issues were
organized through a dedicated web site. In preparation for the second task force meeting,

Xi



held at the headquarters of the World Fish Center in Penang, Malaysia in August 2000, a
series of papers were commissioned to address the full range of natural resource management
issues being addressed by task force members. The papers were posted on the web site and
were subject to peer review by members of the task force. At the meeting the papers were
presented and discussed. Some of these papers were written by scientists from the centers,
others by their collaborators in national research systems and others from advance research
institutes. On the basis of the discussions in Penang the papers were further revised and a
selection of them were subsequently published in the on-line journal Conservation Ecology
(http://www.consecol.org). The publication stimulated a great deal of interest and in 2002
one of the papers was awarded a prize for scientific excellence as the best paper to emerge
from the CGIAR in that year. In order to ensure the wide availability of these papers they are
now being reprinted in this volume. Since this field is evolving rapidly we have updated
several of the papers in order to ensure that recent work in the field is cited.

One of the issues that emerged from this work is that a disproportionate amount of research
on environmental issues is carried out in industrialized countries and responds to their
environmental interests. Yet many of the changes that are occurring to the world’s climate,
biological diversity, deserts and forests have major implications for the livelihoods of poor
people in developing countries. In addition many of the measures being undertaken or proposed
to mitigate environmental problems have implications for the poor, for example, they might
benefit by planting trees to sequester carbon, they might lose their access to land if areas of
forest are preserved for biodiversity. The CGIAR and its partners are already addressing
some of these issues and plans are advanced for an expansion into areas such as climate
change mitigation and adaptation, conserving forests as resources for the poor, on-farm
biological diversity conservation, desertification, improved water management etc. The papers
in this volume constitute a record of integrated natural resource management thinking and
activity in the centers at the time of writing. They lay the foundations for a considerable
expansion of activity into this vital area of research.

Acknowledgments
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for secretarial support. The governments of The Netherlands, Japan, Norway, Denmark and

Germany and the International Development Research Center of Canada have supported the
work on integrated natural resource management in the CGIAR.
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1.

Research to Integrate
Productivity Enhancement,
Environmental Protection,

and Human Development
Jeffrey A. Sayer' and Bruce M. Campbell2

ABSTRACT

To meet the challenges of poverty and environmental sustainability, a different kind of
research will be needed. This research will need to embrace the complexity of these
systems by redirecting the objectives of research toward enhancing adaptive capacity,
by incorporating more participatory approaches, by embracing key principles such as
multi-scale analysis and intervention, and by the use of a variety of tools (e.g., systems
analysis, information management tools, and impact assessment tools). Integration will
be the key concept in the new approach; integration across scales, components,
stakeholders, and disciplines. Integrated approaches, as described in this book, will
require changes in the culture and organization of research.

KEY WORDS: adaptive capacity, decision making, impact assessment, integration, scale,
social learning, systems modeling.

INTRODUCTION

In the 1960s, a huge gap existed between the technologies used by farmers in developed
countries and those available to poor farmers in the tropics and subtropics. International

"WWF (World Wide Fund for Nature), Avenue du Mont Blanc,1196 Gland, Switzerland
2CIFOR (Center for International Forestry Research), Jalan CIFOR, Situ Gede, Sindangbarang, Bogor Barat
16680, Indonesia
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CIFOR, Situ Gede, Sindangbarang, Bogor Barat 16680, Indonesia, Tel: +62-251-622-622, Fax: +62-251-622-
100, E-mail: b.campbell@cgiar.org



Research to Integrate Productivity Enhancement, Environmental Protection, and Human Development

development assistance agencies have made major investments during the past 40 years in
attempts to develop advanced agricultural technologies for poor tropical countries. The research
centers supported by the Consultative Group for International Agricultural Research (CGIAR)
have been major conduits for this aid. The CGIAR supports 16 international research centers
with a combined budget of US$350 million per annum. These efforts are widely credited with
having averted large-scale famines that had been anticipated in Asia in the 1970s and 1980s.
The impacts of such research have been more modest in addressing the needs of Africa. Much
of this research adapted technologies from developed countries to conditions in developing
countries; it targeted innovations that could yield quick benefits to respond to urgent needs.
Major investments went into genetic improvement of a few commodity crops to enhance
productivity and improve resistance to pests and diseases. The gains were largely confined to
areas of high agricultural potential, and they often benefited the more prosperous farmers,
missing the poorest of the poor. In many cases, this research yielded short-term gains at the
expense of long-term degradation of soils, water, biodiversity, and noncultivated land. The
initial spectacular gains of the green revolution are unlikely to be maintained (Conway 1997).

There is now widespread recognition that the sustained improvement of the well-
being of poor farmers in developing countries will require a different kind of research (Ashley
and Maxwell 2002, Costanza and Jorgensen 2002). Cutting-edge agricultural technology is
still needed, but it has to be set in local contexts and be applied in ways that recognize the
special conditions of poor farmers. It will have to give more emphasis to management of
risks, reduction of dependence on agricultural inputs, avoidance of long-term depletion of
productive potential, and more careful control of environmental externalities (Conway 1997).
The advent of economic globalization and the increasing domination of agriculture by a few
large companies poses special risks for the poor (Korten 1995). Equity in the distribution of
benefits is emerging as a major issue.

Green revolution science underestimated the complexity of the systems in which
small-scale producers operate. Crop production, for example, is usually only a small part of
a broad livelihood portfolio that may encompass a wide variety of off-farm activities, the
gathering of forest products, the raising of livestock, etc. Productivity enhancement will
remain important, but risk reduction, improved food security, and the maintenance of social
capital will assume greater importance. The farming systems of poor people in the tropics
are subject to a multitude of exogenous influences. For instance, they are subject to highly
variable rainfall, especially in semiarid areas, a constantly changing economic climate with
resulting swings in input costs and market prices, dynamic land use changes, and various
other episodic events (e.g., the massive rise in AIDS in Africa; widespread fires associated
with el Ning events in Southeast Asia, etc.) (Campbell et al. 2002).

Research on complex systems is not simple, because of multiple scales of interaction
and response; a high frequency of nonlinearity, uncertainty, and time lags; and multiple
stakeholders with often contrasting objectives and activities (Costanza and Jorgensen 2002,
Ashley and Maxwell 2002, Gunderson and Holling 2002). Furthermore, many earlier attempts
to conduct research at the level of large, complex systems are widely seen to have generated
needs for excessive amounts of data, to have been very costly to conduct, and to have
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yielded few results of immediate practical value. This problem has become particularly
important in the context of funding allocation strategies based upon ex-post analysis of the
impact of research on production. It has been very difficult to attribute any direct impact to
much of the research that has been conducted on complex farming systems. This has led
many to conclude that natural resource management or agro-ecosystem research is an
expensive luxury.

In August 2000, the CGIAR convened a meeting in Penang, Malaysia to address these
dilemmas faced by natural resource researchers and to examine ways in which research might
be redirected to meet the challenges. This volume brings together a selection of the papers that
formed the subject of the Penang meeting. Papers and discussion at the meeting yielded significant
new insights into the ways in which the CGIAR and similar research institutions might modify
their way of doing business. The focus was on the use of techniques and approaches drawn
from a number of fields of science to yield results with short-term benefits for the poor and
their environment. The key components of this new vision of integrated natural resource
management (INRM) will be discussed. They involve an interlinked package (Fig. 1) including:
(1) the reorientation of the objectives of research, (2) adding weight to participatory approaches
to implementing the research, (3) a series of principles that underlie the research (e.g., broadening
temporal and spatial scales of analysis), and (4) the use of a variety of analytical tools (e.g.,
systems analysis, information management tools).

Figure 1. Some of the key features of INRM research.

Objective:
improved adaptive capacity

Approaches Learning

to implementation
Action research

The INRM
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Negotiation

Crucial tools
Simulation modeling

Decision and negotiation
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THE OBJECTIVE OF INRM: TOWARDS ADAPTIVE
CAPACITY

In mainstream productivity enhancement research, the prime objective is to improve yields of
the dominant crops using plot-specific technologies. In a multi-stakeholder situation with small-
scale producers, there will be multiple objectives, and it is unlikely that any single production
objective will suit all stakeholders. Standardized technologies that work in many contexts will
be only part of the solution. Given the complexity and dynamism of systems, one of the prime
objectives will be to improve the adaptive capacity of the system, i.e., its ability to sustain a
flow of the diverse products and services that poor people depend upon, and to do so under
constantly changing conditions. Research will need to strengthen the farmer’s ability to manage
a broad range of production factors, thus increasing her flexibility and her ability to respond to
exogenous influences (Hagmann et al. 2002, Oglethorpe 2002). Considerable focus will be on
the managers themselves, helping them to achieve the skills and acquire the technologies that
will enhance their control over their own destinies (Lynam et al. 2002, Lal et al. 2001). High-
technology research on the components of agricultural systems is still vital, but it has to be
placed in the context of specific biophysical and socioeconomic conditions.

THE APPROACH: LEARNING TOGETHER FOR CHANGE

Three key elements form part of the approach to implementing INRM: (1) management
needs to be adaptive; (2) INRM must move further along the research-management
continuum; and (3) the approach must provide for, and be based upon, negotiation among
all stakeholders. INRM research draws heavily upon, and reflects the advances in, our
understanding of social learning (Daniels and Walker 1999, Hagmann 1999, Maarleveld
and Dangbégnon 1999). Thus INRM must be based upon continuous dialogue and
deliberation among stakeholders; this incorporates adaptive management as well as political
processes related to conflict among stakeholders. Ultimately, in the ideal scenario, all
management is experimental and all research involves managers; there is little distinction
between management and research (Roussel et al. 1991). Natural resource management is
like jazz; it requires constant improvization. This implies that researchers can no longer
remain exclusively external actors, but need to engage themselves in action research to
develop appropriate solutions together with resource users (Hagmann et al. 2002, Abel et
al. 2002). Good process facilitation is an essential component of its implementation. This
process facilitation is a formal scientific equivalent of the rituals and traditions that socialize
complex resource management processes in all human societies.

Natural resource managers are constantly confronted with surprises. Stakeholders
change their aspirations, and exogenous factors have unpredicted influences on the system.
Managers have to deal with uncertainty and changing targets. One of the key lessons in
dealing with complex systems, therefore, is that management must be organized in a way
that promotes active and conscious individual and social learning. The inverse relationship
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between the complexity of systems and our ability to make precise, and yet significant,
statements about their behavior suggests that sustainable management of natural resources
must be adaptive (Zadeh 1973, Holling and Meffe 1996, Oglethorpe 2002). The steps within
our adaptive management cycle (Fig. 2) are (1) subsystem definition; (2) reflection and
negotiation; (3) action; and (4) evaluation, readjustment, and adaptation. As a result of the
evaluation, we move back into the reflective phase and update our conceptualization of the
system. This adaptive management cycle is discussed in several papers in this volume
(Hagmann et al. 2002, Harrington et al. 2001, van Noordwijk et al. 2001, Lal et al. 2001,
Lynam et al. 2002, Douthwaite et al. 2001).

Figure 2. The learning cycle in INRM research.
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In the adaptive learning cycle, researchers are one, among many, stakeholder groups.
The research is conducted as part of an experimental management process involving the full
range of stakeholders. Thus, participatory approaches are fundamental and collective action is
the norm (Douthwaite et al. 2001, Hagmann et al. 2002, Abel et al. 2002). Because numerous
stakeholders are involved, negotiation processes are key to the action cycle; thus, actions are
an outcome of various negotiation processes. Negotiation occurs throughout the adaptive
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management cycle, in particular in establishing a common vision during the reflective stage,
and in selecting options for implementation in the action phase. Given the emphasis on multiple
stakeholders, it is not surprising that many of the successful cases of INRM have as a key
objective the development of social capital (Garrity et al. 2002, Lovell et al. 2002).

UNDERLYING PRINCIPLES: GOING TO SCALE BUT
REMAINING PRACTICAL

Multiple scales of analysis

A key feature of INRM is its attempt to integrate across spatial and temporal scales. INRM
research should never involve just a single snapshot in space or time. In the real world,
different processes are taking place over different time frames; some processes will be studied
using short time frames, whereas others may have to be studied over decades, usually only
possible through simulation (Lovell et al. 2002). As a result, INRM research usually does not
involve a simple learning cycle. It will normally depend upon a number of interlinked and
superimposed learning cycles (Fig. 3), as some phenomena will have been through many
learning cycles, whereas others may not even complete a single cycle within the project time
frame. It is particularly important for INRM research to take slow variables into account.

Figure 3. Overlapping learning cycles for different INRM processes.

Research on
slow variables

> D
> >

D

Research on
fast variables

\
[/jeﬂed



Jeffrey A. Sayer and Bruce M. Campbell

These slow-changing variables affect the dynamics of more rapidly cycling processes and
may exceed thresholds or trigger breakpoints, thus causing sudden and surprising shifts in
systems. Accumulations of toxic chemicals in soils, water, and organisms, gradual erosion
of soil fertility, and depletion of groundwater are all slow variables that need to be tracked in
studies of complex resource systems.

Generally, INRM research will never be conducted at a single spatial scale; work
often will be required at three scales (Allan and Starr 1982, Holland 1995, Beaulieu et al.
2002). Thus, work at the farm/household level may require component studies at lower levels,
such as the plot level or the intra-household level, to understand the important processes that
lead to the emerging characteristics at the farm/household level. Work at the farm/household
level will also generally require work at higher levels, e.g., at the institutional framework
established by local government. Two components of spatial scale can be recognized, a
biophysical component (from plots to global scales) and an institutional component (from
household norms of behavior to global policy instruments). These are not usually congruent,
thus adding further complexity (Lovell et al. 2002).

Decision-making processes

Many conceptual models of INRM focus on decision-making processes. Lal et al. (2001) go
so far as to term the learning cycle in INRM the “Adaptive Decision-Making Process”.
Decisions by individuals or households to adopt or not adopt new technology or land use
practices depend on a multitude of factors and external influences that will vary from situation
to situation, and will be dependent on incentive structures, information flows, etc. (van
Noordwijk et al. 2001). Central to the decision-making process is the analysis of trade-offs
and competing interests (Garrity et al. 2002, van Noordwijk et al. 2001). In much INRM
research, the farm household is selected as the main decision-making unit (Lal et al. 2001).
Although this may be appropriate in many circumstances, there are situations, most notably
involving common property systems, in which other stakeholders at other spatial scales
may be key.

Plausible promises

INRM should lead to tangible benefits on the ground; it must be a problem-solving approach
(Hagmann et al. 2002, Harrington et al. 2001, van Noordwijk et al. 2001). The motivation to
jointly engage in experimentation and research is that there is some “plausible promise” of a
beneficial change (Douthwaite et al. 2001). Plausible promises are often made with reference
to “best-bet” interventions involving technological and/or institutional innovations. The
successful INRM cases are invariably built around very specific intervention possibilities
that achieve adaptation and uptake (Garrity et al. 2002, Hagmann et al. 2002).

Scaling up: going beyond the specific

INRM research, because it considers numerous variables, many of which are locality specific,
has been criticized for yielding only local solutions. However, if natural resource systems
are characterized adequately and variables are measured across the full range of variation of
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the system, then INRM models will yield results that have application across broad ecoregional
domains.

The dissemination of conventional agricultural technology research products, e.g.,
high-yielding crop varieties, follows a simple linear route from researcher to extension
worker to farmer (the “transfer of technology” model). INRM research does not yield
technological packages amenable to this sort of dissemination (Douthwaite et al. 2001). In
INRM, the farmers, extension officers, and researchers are all stakeholders, participating
from the initiation of the research. Lovell et al. (2002) conclude that scaling up to benefit
many people is largely a function of planning and investment at the outset to create the
enabling environment that will meet various pre-conditions for scaling up. One of the
conditions for scaling up is the adequacy of social capital (Lovell et al. 2002, Hagmann et
al. 2002). Scaling up is most likely to happen in the INRM approach if top-down and
bottom-up approaches to development are properly reconciled. Both are likely to be needed
for an effective delivery of benefits from INRM research (Lovell et al. 2002). The adaptive
management cycle is key to scaling up: repeated learning cycles ensure an improvement in
the “plausible promise’ through its adaptation to existing systems by ever larger numbers
of producers (Douthwaite et al. 2001).

Any INRM research endeavor should usually have impacts at a number of spatial
and temporal scales (Harrington et al. 2001, Lovell et al. 2002, Jones and Thornton 2002).
The work of Hagmann et al. (2002) provides an example of impacts at multiple scales.
These authors undertook research that spanned from the plot to the policy scale; their work
resulted in successful interventions at the plot level and important reorientation of thinking
within the national extension service.

THE TOOLS FOR INRM: CONFRONTING COMPLEXITY

Systems modeling

The problems of nonlinearities, unpredictability, and time lags in natural resource systems
suggest that systems modeling is a fundamental tool for INRM research. Systems modeling
is appropriate at many points in the adaptive management cycle. It can be used to conceptualize
the system, to build a common understanding among stakeholders, to identify leverage points
for interventions, to analyze different scenarios, to form the basis of decision support systems,
to assist in stakeholder negotiations, to identify systems performance indicators and to assist
in evaluation of impacts (Campbell et al. 2001, Lal et al. 2001, Lynam et al. 2002, van
Noordwijk et al. 2001).

Negative attitudes toward modeling abound, often based on the heavy data
requirements of large and complex simulation models. Although such complex models
undoubtedly have their place, we are attracted by the concept of “throw-away” models,
working computer-implemented models that are built in a few days to solve a particular
problem and then are discarded. Much recent INRM research has used participatory modeling,
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in which stakeholders assist in the development of models and model results are fed back to
communities using participatory techniques such as role plays (Lynam et al. 2002).

Across-scale modeling is in its infancy in NRM. Jones and Thornton (2002)
demonstrate a method whereby plot-level models can be run for large extrapolation domains
and the results can be aggregated to provide useful information at the regional level. Jones
and Thornton (2002) also demonstrate the use of a series of interconnected models, ranging
from global to plot models.

Decision and negotiation support tools

Given the complexity of INRM systems, it is likely that some kinds of decision or negotiation
support tools will be necessary. The term “decision support system” suggests that a single
management authority will make decisions that will then be imposed on the various actors
and stakeholders. Thus, van Noordwijk et al. (2001) prefer the term “negotiation support
system”. To function adequately, a negotiation support tool, itself, must be the subject of
negotiation and shared development efforts between stakeholders (van Noordwijk et al. 2001,
Garrity et al. 2002). Lal et al. (2001) conclude that using a decision support tool that is built
in a participatory manner will increase the chance of achieving a shared vision.

Multiscale databases

Increasingly, decision support systems or systems models are being linked to a variety of
databases. Even when not linked in this manner, INRM will invariably require that data from
different sources be managed in some kind of database. Data can be of a spatial or nonspatial
nature, and both qualitative and quantitative data can be included. Geographical information
systems are usually involved in the data management system. Jones and Thornton (2002)
demonstrate the use of databases at various scales that are linked to models at various scales.
GIS and modeling are also crucial for scaling up. As Harrington et al. (2001) note, such tools
should not be abused to support top-down mechanical extrapolation of technologies; rather,
stakeholder decisions should be informed by spatial analysis.

Impact assessment

Impact assessment is a key feature of INRM, being a tool for adaptation, learning and
performance enhancement; providing data for further negotiation among stakeholders; and
for resource allocation decisions. Hagmann (1999) pleads for more focus on developing
plausible strategies on how research contributes effectively to impact, and then for regular
monitoring of the implementation of these strategies, rather than carrying out impact
assessment studies that are not linked to the learning cycle. Indicators for evaluation must
be selected at an early stage of the work. To select indicators from the vast array of
possibilities, Campbell et al. (2001) and Gottret and White (2001) suggest that the capital
assets concept may be an appropriate organizing principle, whereas Bossel (2001) suggests
that systems concepts should guide indicator selection. A number of papers in this volume
focus on the use of indicators (Bossel 2001, Campbell et al. 2001, Gottret and White 2001).
The approach advocated here is unlike that used in conventional impact assessment of
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agricultural research, which generally focuses on ex-post measures of crop yields. Classic
ex-post impact assessment tools can be compared to end-of-year school exams, whereas
INRM impact assessment tools should be seen as equivalent to continuous assessment.

THE WAY FORWARD

The successful examples of INRM research are those that have drawn upon and have integrated
tools and concepts from different disciplines and scientific fields. This is what distinguishes
modern approaches to INRM from some earlier discipline-based studies of natural resource
problems (Belsky 2002, Rosa and Machlis 2002). If the real needs of poor farmers in
developing countries are to be met, then integrated approaches are essential. The farmers
themselves are practicing integrated management of their resources, basing their management
on knowledge acquired over generations (Berkes et al. 2000). Effective INRM research should
link seamlessly with the knowledge of the client farmers. If scientists continue to operate in
a simple, reductionist, technological world, they will fail to achieve the potential pay-offs
that could be obtained by linking modern science to the traditional knowledge base. More
importantly, however, changes occurring in the world defy the understanding of the small
farmer. Macro-economic changes, increased climate variability, etc., will be major
determinants of human well-being in poor countries, and science must contribute
understanding of these phenomena to research on the system (Campbell et al. 2002). Similarly,
the development trajectories followed by the poor will have major implications for the global
environment.

The world is becoming more integrated, and integration emerges as the most important
concept in the INRM approach: there is a need to integrate across disciplines, across scales,
across stakeholders, and across components (Lal et al. 2001, Costanza and Jorgensen 2002,
Belsky 2002, Ashley and Maxwell 2002). However, the marginal costs of adding each
additional component into the system have to be considered and have to be less than the
marginal benefits of such additions. A clear articulation of the problem, plausible solutions,
and tangible potential benefits must still underlie all research investments.

A common criticism of the ecological approach to NRM is that it attempts to describe
a multi-component system in which everything is connected to everything else, and that such
complexity defeats useful analysis. Recent theory and supporting observation suggest,
however, that this complexity is not boundless, but has its own natural subdivisions and
boundaries, and that 3—5 key variables often drive any particular system (Holling et al. 2000).
Thus, defining a set of key processes and components can yield progress toward a goal of
sustainable production.

Integrated approaches to natural resource management, as described in this volume,
will require major changes in the culture and organization of research (Ashby 2001, Costanza
and Jorgensen 2002, Hagmann et al. 2002). It is a new way of doing business. The management
environment is faced with a long-term future that is unknowable; it has to deal with non-
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equilibrium conditions, multiple aspirations, and ambiguity. Although we see INRM being
built on a social learning process, we also see the organizations involved in INRM becoming
learning organizations, in which top management promotes institutional flexibility, conditions
favorable to complex learning, integration of scientists with other stakeholders, etc. (Fig. 4).

Figure 4. Proposed characteristics of organizations undertaking INRM research (based on Ashby
2001).
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Many of the arguments used in this paper are similar to those that predominate in
the modern management science that is taught in business schools. Many of the problems of
managing complex natural resource systems are similar to those of running a commercial
company in a rapidly changing world. However, agricultural, forestry, and other NRM
institutions have mostly evolved to deal with much simpler and more predictable conditions.
They now have to change. Reconciling the need for increased supplies of food and fibers
with the need to maintain the environment and to do this in a way that can bring a billion
people out of absolute poverty is not a problem that can be solved by laboratory science
alone. We need a predictive science that can enable us to produce more, to do so sustainably,
and to do so on the basis of a limited resource base. This is the modern science of INRM that
we describe in this volume.
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Blending “Hard” and “Soft”
Science: the “Follow-the-
Technology” Approach to
Catalyzing and Evaluating
Technology Change

Boru Douthwaite’, Nicoline de Haan',Victor M. Manyong'and |.D.H. Keatinge®

ABSTRACT

The types of technology change catalyzed by research interventions in integrated natural
resource management (INRM) are likely to require much more social negotiation and
adaptation than are changes related to plant breeding, the dominant discipline within
the system of the Consultative Group on International Agricultural Research (CGIAR).
Conceptual models for developing and delivering high-yielding varieties have proven
inadequate for delivering natural resource management (NRM) technologies that are
adopted in farmers’ fields. Successful INRM requires tools and approaches that can
blend the technical with the social, so that people from different disciplines and social
backgrounds can effectively work and communicate with each other. This paper develops
the “follow-the-technology” (FTT) approach to catalyzing, managing, and evaluating
rural technology change as a framework that both “hard” and “soft” scientists can
work with. To deal with complexity, INRM needs ways of working that are adaptive
and flexible. The FTT approach uses technology as the entry point into a complex
situation to determine what is important. In this way, it narrows the research arena to
achievable boundaries. The methodology can also be used to catalyze technology change,
both within and outside agriculture. The FTT approach can make it possible to channel
the innovative potential of local people that is necessary in INRM to “scale up” from
the pilot site to the landscape. The FTT approach is built on an analogy between
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technology change and Darwinian evolution, specifically between “learning selection” and
natural selection. In learning selection, stakeholders experiment with a new technology and
carry out the evolutionary roles of novelty generation, selection, and promulgation. The
motivation to participate is a “plausible promise” made by the R&D team to solve a real
farming problem. Case studies are presented from a spectrum of technologies to show that
repeated learning selection cycles can result in an improvement in the performance of the
plausible promise through adaptation and a sense of ownership by the stakeholders.

KEY WORDS: actor-oriented approach, follow-the-technology approach, integrated natural resource
management, learning selection approach, participatory technology development, social construction of

technology.

INTRODUCTION

On its web site (http://www.inrm.cgiar.org/), the Consultative Group on International Agricultural
Research (CGIAR) defines integrated natural resource management (INRM) as “the responsible
and broad-based management of the land, water, forest, and biological resources base—including
genes—needed to sustain agricultural productivity and avert degradation of potential
productivity.” A workshop held in August 2000 titled Integrated Natural Resource Management
in the CGIAR concluded that implicit in this definition is a focus on human well-being and thus
an emphasis on systems rather than commodities and on processes rather than technologies
(International Center for Living Aquatic Resources Management 2000). As such, INRM is
attempting to carry out types of research and intervene in ways that are very different to the
yield improvement work that has been CGIAR’s mainstay in the past. CGIAR centers have
achieved most of their impact by delivering improved varieties to relatively simple environments.
The new knowledge is embedded in the seed, which farmers already know how to plant and
save; few or no new management skills or changes to routine are needed (Douthwaite et al.
2001). As a result, researchers have been able to assume a simple, rather linear view of the
technology development and transfer process, which is described by Chambers and Jiggins
(1986) as the transfer-of-technology (TOT) view presented in Fig. 1. The widespread success
enjoyed by the TOT approach in starting the Green Revolution has helped to ingrain the approach
to such an extent that it has been commonly applied to the development and transfer of types of
technology other than improved germplasm (Kaimowitz et al. 1989).

Since the publication of the landmark paper describing the “farmer-back-to-farmer”
approach (Rhoades and Booth 1982), there has been a growing realization within the CGIAR
system that the TOT approach is flawed. One indication of the problem is the failure of
natural resource management research to achieve adoption rates similar to those of plant
breeding. For example, in a recent comprehensive review of research on soil fertility in West
Africa, Bationo et al. (1998:33) concluded that “ ... over the past years a considerable amount
of technologies to improve the productive capacity of African soils have been generated.
These technologies have not been transferred or implemented by the intended beneficiaries.”
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Figure 1. The transfer of technology (TOT) view of the way innovations originate and are passed
down to farmers (adapted from Chambers and Jiggins 1986).
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The unhappy situation is that in many parts of Africa farmers have little choice but to continue
to degrade their soils and their environment. It is just this scenario that INRM was set up to
address. But how will INRM achieve its goals in practice? What tools and methodologies are
INRM practitioners going to use?

A CLASH OF TWO PARADIGMS

If everyone saw the world in the same way, then making INRM operational would simply
be a matter of agreeing on a few tried and trusted methodologies with the stakeholders
involved and then following the formula to implement them. However, life is not that simple.
On the one hand, INRM practitioners are going to have to work with colleagues in the
CGIAR system and in the national agricultural research systems (NARS) who feel that if
they cannot come up with something better than what the farmers are already doing, then
they should give up and go home. These colleagues generally find that they agree with the
underlying principle of the TOT approach, i.e., that scientific knowledge is, or certainly
should be, superior to farmers’ knowledge, and so have a problem relating to participatory
approaches that eulogize farmers’ knowledge. On the other hand, INRM practitioners will
have to work with farmers who may ignore realities that seem obvious to scientists. Hence,
understanding that people see reality differently and the ability to negotiate shared realities
are fundamental to successful INRM implementation. Constructivism is the epistemological
basis of INRM that supports the idea of multiple realities. Understanding the difference
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between the constructivist paradigm and the positivist-realist paradigm, which underpins the
“science-is-best” basis of the TOT approach, is important to comprehending the nature of the
paradigm change necessary to make INRM operational within the CGIAR system and NARS.

Positivist-realism is associated with “hard” science, which sets up hypotheses and
tests them with repeatable and quantifiable experiments. Practitioners of hard science (e.g.,
most natural scientists and some social scientists) are trained to believe that the world they
experience has an independent reality that they are discovering in their experiments. The
repeatability principle implies that knowledge gained in this way is independent of its context
and separate from the individual. A corollary of this view is that, because scientific rules are
universal, then people need to change, not technology. Furthermore, because scientific
knowledge has passed the rigor of the scientific process, it is seen as superior to farmers’
indigenous knowledge, which generally has not. Hence, the TOT approach, applied in its
purest form, stipulates that the role of agricultural scientists is to use the scientific method to
understand, structure, and model reality to develop technologies that benefit farmers. It is
then the job of extension to “project” the scientists’ knowledge onto the minds of farmers as
accurately as possible, and the responsibility of the farmers to receive it. Farmers are supposed
to be passive recipients in that they are not expected to adapt the message if it is based on
“good” science and properly delivered. If farmers do not adopt it, it is their fault for being
backward.

Constructivism is associated with “soft” science, which looks at social phenomena
that cannot be reduced to their component parts or repeated outside of their complex settings.
Case studies that paint a rich, thick picture of phenomena are a mainstay of the soft sciences.
Constructivism provides the epistemological foundation for “participatory” approaches. Soft
scientists contend that, contrary to the realist-positivist position:

e knowledge is not passively received and “mapped” onto a learner’s brain but is actively
“constructed” by the learner, who fits it into his or her existing mental maps or, less
commonly, constructs a new model of reality and makes it part of his or her lifeworld.
This construction process is social, because the mental maps may be culturally defined,
and because part of the interpretation is undertaken by a group through negotiation;
and

e people’s ability to learn and understand is adaptive in the evolutionary sense, in that
cognition serves a person’s need to process information to conceptually organize and
understand the world he or she experiences as a means of survival. In the words of
Maturana and Varela (1987), « ... knowledge is effective action in the domain of
existence,” and there is nothing absolute or external about it.

In practice, few, if any, scientists in the CGIAR system today would ever see farmers
as completely passive adopters of a message. Nevertheless, most people would agree that
positivist-realism, rather than constructivisim, is still the dominant paradigm in many CGIAR
centers and in most national research systems. Therefore, it will require a paradigm shift for
INRM to become a mainstream activity. Paradigm changes are not easy, as Thomas Kuhn
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(1970) points out; he notes that scientists will go to great lengths to defend their belief
structures, to the extent that research is not about discovering the unknown, but rather “ ... a
strenuous and devoted attempt to force nature into the conceptual boxes supplied by
professional education.” To this end, a research community will often suppress novelties that
undermine its foundations.

Like the research into farming systems that was carried out in the 1980s, INRM runs
the risk of being dismissed on the grounds that it is too woolly and has little quantifiable
impact. The Bilderberg Consensus, which helped establish INRM within the CGIAR system,
identified improved adaptive management as the key to achieving relevance and impact in
INRM, and hence avoiding the fate of farming systems research. Adaptive management is
essential because, as Campbell et al. (2001) point out, there is an inverse relationship between
the complexity of systems (INRM systems are complex) and our ability to make precise and
yet significant statements about their behavior.

The successful introduction of INRM technology can have unexpected and even
negative consequences, as one of the present authors learned first-hand in Tanzania (N. C. de
Haan and E. Musuyaka, unpublished manuscript). In the early 1990s, an NGO in Tanzania
ran a project to improve child nutrition. It introduced an agro-ecologically well-adapted bean
variety that was more nutritious than local varieties. The NGO targeted its technology at
women, who are traditionally in charge of feeding the family. The new variety of bean proved
very popular, and its adoption rate soared. Despite this, after the first few years, the nutritional
benefits for local children had evaporated. It eventually emerged that the bean had also
proved popular among men, who started to cultivate it for the market on land that had
previously been women’s property for growing food for home consumption. So, instead of
the technology helping the targeted group, it in fact benefited another group to the detriment
of the first.

INRM activities need management strategies that adapt as they go along to ensure
that the project has impacts that are, on balance, positive. Successful management strategies
in INRM therefore need to be based on effective monitoring and evaluation systems to guide
learning. Given that change is expected during the course of a project, the monitoring and
evaluation system itself must also be adaptive and flexible.

In this paper we develop the “follow-the-technology” (FTT) approach to guide the
fostering and evaluation of technology change in the context of INRM. The approach needs
to be:

e comprehensive and adaptive enough to deal with the complexity of INRM systems and
¢ constructed from language and concepts that both hard and soft scientists can understand
and relate to.

The second requirement may be rather hard to achieve. The present authors come
from both hard and soft science backgrounds and, while we were writing this paper, we had
to negotiate a shared understanding between ourselves and our two guiding paradigms. We
hope this is reflected in the paper and is useful for others.
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DEVELOPING THE FOLLOW-THE-TECHNOLOGY APPROACH

Learning selection: the core model

The model at the core of the follow-the-technology (FTT) approach is the learning selection
(LS) model (Douthwaite 2002, Douthwaite et al. 2002) that describes the “social construction”
and adoption of new technologies, including machines, seeds, computer software, and financial
systems. The LS model is based on an analogy between technology change and Darwinian
evolution that is recommended as being useful in understanding innovation processes (Nelson
1987, Mokyr 1990). This evolutionary analogy suggests that technology change is driven by
a process analogous to natural selection. We call this analogy “learning selection,” but it is
not a perfect analogy. Rather, it is an “analogy as a heuristic,” or an analogy that suggests
useful ways of thinking about innovation processes from the point of view of the much better
understood evolutionary process (Ruse 1986).

The Bilderberg Consensus has already identified evolutionary approaches as areas
of potential breakthrough for INRM. We believe that one reason why this prediction may
become reality is because both positivists and constructivists understand and accept Darwin’s
theory of natural selection and will be comfortable thinking about technology and system
change in evolutionary terms. For this reason, the analogy is a good basis for negotiating a
shared understanding. Moreover, as Dawkins (1995:xi) wrote, “Never were so many facts
explained by so few assumptions ... the Darwinian theory command(s) superabundant power
to explain.” Finally, the specific analogy we are suggesting, between natural selection and
learning selection, highlights the learning processes of the actors involved in INRM, something
that Campbell et al. (2001) identify as key to the effective management of complex systems.
Natural selection consists of three mechanisms:

e Novelty generation. As a result of random genetic mutations and sexual recombination
of differing genetic material, differences between individual members of a species crop
up from time to time.

o Selection. This is the mechanism that retains random changes that turn out to be beneficial
to the species because they enable those possessing the trait to achieve better survival
and breeding rates. It also rejects harmful changes.

e Promulgation and diffusion. These are the mechanisms by which the beneficial
differences are spread to other areas.

To understand how learning selection is analogous to natural selection, let us take
the example of one of the stages in the early adoption of Mucuna pruriens in Benin (Fig. 2).
M. pruriens is a herbaceous legume that forms the basis of an NRM cover crop and green
manure technology. Participant A is a female farmer who decides to plant an M. pruriens
cover crop in her field after seeing a demonstration in her village by researchers that shows
the legume’s ability to improve soil fertility. As a result of growing M. pruriens, the farmer
has an experience of the crop that she tries to interpret on the basis of the information in her
existing mental models of reality. Her observations and understanding lead her to the
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conclusion that M. pruriens is more immediately useful as a way of suppressing Imperata
cylindrica, a grass weed that caused her to abandon some of her land. The following year, she
uses M. pruriens to try to reclaim this land by cutting the I cylindrica at the beginning of the
rainy season and broadcasting M. pruriens seed in the hope that it will outgrow and smother
the I cylindrica. By carrying out this experiment, she is generating a novelty as well as
beginning another learning cycle, the result of which will be a selection decision on her part
as to whether to continue to plant M. pruriens in this way.

Other people, including farmers, researchers, and laborers, might also observe
Participant A’s experiment and, as a result, experience their own learning cycles, resulting in
their own changed perceptions and actions (Fig. 2). For example, Participant B might be a
researcher who learns that the ability of M. pruriens to suppress I cylindrica is more important
to farmers than its ability to improve soil fertility. Learning this would then influence further
researcher novelty generation and selection decisions, as well as efforts to promulgate and
diffuse the technology. The net effect of all these learning selection cycles is to improve the
fitness of the technology, i.e., its suitability for the environment in which it is used, and
hence its market appeal and adoption rate. This is analogous to the fitness increases that
occur in the living world as a result of natural selection. The concept of fitness or adoptability
in the sphere of human activity is also similar to Lyotard’s (1984) concept of performativity,
which he defines as the best possible input:output ratio. Lyotard argues that performativity
itself is the main way to legitimize knowledge.

Learning selection, however, does not just happen. It comes about only if the key
stakeholders, i.e., the people directly involved in using and replicating the technology, are
sufficiently motivated to modify it; they must also have sufficient knowledge to generate and
select beneficial changes (van Mele and Zakaria 2002, Conroy et al. 2002). Experience shows
that, for all but the simplest technologies, there is a need for at least one stakeholder who
understands the technology to champion it and fill knowledge gaps until the key stakeholders
have learned enough to take over (Douthwaite 1999). This takeover marks the end of the
early adoption process and is the point at which market selection, as opposed to learning
selection, begins to work. As this happens, the people adopting the technology change from
Rogers’ (1995) “innovators” to people who want the technology to work reliably and profitably.

According to Merriam-Webster (2000), technology can be defined as ... the practical
application of knowledge ...” (by people). If all technology can be thought of in terms of
knowledge, this definition implies that there is no inherent difference between agricultural
and other types of technology. Hence, agriculture and INRM can potentially learn much
about technology change from other fields. To determine whether or not it was possible to
generalize the LS approach, Douthwaite (2002) tested it by looking at the extent to which it
fit outside agriculture, and explored ways in which the model could be strengthened by
experience and literature from other fields. He found that, not only is the LS model much
more widely applicable, but the democratic user-led type of innovation it describes is able to
harness the innovative potential of the people who are directly affected by the technology.
Douthwaite shows how a grassroots development process in Denmark was able to produce a
wind turbine industry with a 55% share of a world market worth U.S.$1 billion per year,
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N Figure 2. The learning selection model, which shows how the fitness of a technology changes during the early adoption phase.
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surpassing even the United States, which spent more than $300 million funding a top-down
development program led by the National Aeronautics and Space Administration (NASA).
The origins of the Danish industry were a few agricultural machinery manufacturers and
ideologically motivated hobbyists who began building and tinkering with wind turbines
(generating novelty). There were many early teething problems but the owners organized
themselves into a group who lobbied successfully for design improvements (selection),
working closely with manufacturers to solve problems. The owners group developed a
cooperative ownership model and pressured politicians to support the sale of their electricity
to the national grid at a fair price (promulgation and diffusion). In contrast, NASA led a hard
science development approach that implicitly assumed that scientists could develop the perfect
wind turbine with little input from owners and users. NASA’s approach failed.

Another example of the power that a grassroots innovation model can harness is the
development of the computer operating system Linux, which is a “ ... a world-class operating
system ...” that has coalesced “ ... as if by magic out of part-time hacking by several thousand
developers all over the planet connected only by the tenuous strands of the Internet ...”
(Raymond 1997). Linux started life when a Finnish computer science student, Linus Torvalds,
wrote a Unix-like operating system that he could run on his PC; he had grown tired of having
to queue for hours to gain access to Unix on the university mainframe. When he finally got
the core of his operating system working, he posted it on the Internet so that others could try
it out. Best of all, he gave out the source code so that other people could understand the
program and modify it if they wanted to. Just like the first Danish wind turbines, early versions
of Linux were not technically sophisticated or elegant, but they were simple and
understandable, and they touched a chord with hackers and people like Torvalds himself
who get a kick out of generating novelty for the sake of being creative, not for money.

After the first release, Torvalds’ main role in the development of Linux was not to
write code for features people wanted, but to select and propagate improvements to the system
from the ideas that streamed in. Ten people downloaded version 0.02, and five of them sent him
bug fixes, code improvements, and new features. Torvalds added the best of these to the existing
program along with others he had written himself and released the composite as version 0.12.
The rate of learning selection accelerated as the number of Linux users increased, and, to cope
with the volume of hacks (novelties) coming in, Torvalds began relying on a type of peer
review. Rather than evaluate every modification himself, he based his decisions on the
recommendations of friends he trusted and on whether people were already using the patch
(modification) successfully. He, in fact, played a similar role to that of the editor of an academic
journal who makes sure that submitted articles are reviewed but retains final control over what
is published and what is not. This approach allowed Torvalds to keep the program on track as
it grew from 10,000 lines of code to 1.5 x 10°, all written by volunteers.

Such has been the success of Linux that Microsoft, which until recently was the
richest company in the world based on market capitalization, is privately worried. Vinod
Valloppillil, a Microsoft engineer, analyzed the open-source software movement in a
confidential memorandum that was leaked and posted on the World Wide Web. Valloppillil
(1998) wrote, “Linux could win ... The ability of the open source software process to collect
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and harness the collective 1Q of thousands of individuals across the Internet is simply amazing.”
Microsoft jealously guards its own source code to make sure it remains closed, and users
cannot modify it. Although Linux is not yet seriously threatening Microsoft’s 90% domination
of the PC market, by the end of 1998 Linux was installed on 17% of the servers that run
computer networks, including the Internet, which was a 7% increase from the previous year.
Windows NT, the market leader, remained fairly static at 38% (Shankland 2000).

The fact that a grassroots community development model can lever more creative
talent than one of the richest companies in the world has, we feel, an exciting resonance for
INRM. To succeed in complex environments, INRM interventions must be able to foster and
motivate the innovative potential of local people, or else scaling up from pilot site to landscape
will not occur (Hagmann et al. 2002). Douthwaite (2002) has developed a practical guide on
how to launch and manage a learning selection innovation process by starting with a plausible
promise and then building a development community of motivated users. The guide, which is
presented in Appendix 1, is intended for R&D managers working in the public or private
sector.

The analogy between natural selection and learning selection is not perfect. One
important difference is that natural selection is blind, whereas learning selection is not: genetic
mutations occur at random, but technology and system change can be directed, e.g., by product
champions. The “thinking” nature of learning selection implies that, to understand the
processes involved, we have to go beyond simply identifying novelties generated or selection
decisions made and delve into the reasons why people behave the way they do. Consequently,
a cornerstone of the LS approach is the seemingly obvious relationship articulated by Lewin
(1951), who maintains that people’s behavior (B) is a function of the interaction of the person
(P) with his or her environment (£), or B=f(P,E). This is the theoretical justification for the
fourth and fifth steps in the guide (Appendix 1) to managing a learning selection approach
that involves working with motivated people and choosing pilot sites where there is a real
need. MacKeracher (1994) explains the Lewin model in this way. Behavior can include any
outcome of the learning process, including adoption, modification, selection, a change in
attitude, and communication to others. P stands for the person (the learner) and can include
any characteristic that affects learning, such as existing models of reality. £ stands for the
environment and can include any factor within the context that might affect learning, including
the number and quality of interactions with other people, the nature of the technology being
tested, and the physical, cultural, and socioeconomic settings.

Whereas the learning selection model has been developed and verified on several
types of technology, including seed-based technology (Douthwaite 2002), it has not been
used in an INRM context to initiate or manage innovation. As we’ve already acknowledged,
INRM needs to operate in complex settings (Horne et al. 2002, Snapp et al. 2002). These
settings are likely to involve more complex social interactions than the learning selection
model has so far dealt with, and therefore it needs to be adapted and expanded to take this
into account. In particular, a rather more robust framework is needed than that provided by
Lewin’s model, which does not take into account the groups, social learning, or social
organizations surrounding technologies (Saad 2002).
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Understanding people’s actions: the actor-oriented approach
This is where the actor-oriented (AO) approach, developed by Norman Long (1997) at the
Wageningen Agricultural University, can help, because it seeks to understand how different
stakeholders react to technical and social change by concentrating on three interlocking
analytical concepts: intervention, interface, and lifeworlds.

Intervention

Long (1989) describes intervention as an attempt from outside a system “... to organize and
control production ...” within it. The introduction of a new agricultural technology is therefore
an intervention into an already existing situation. The focal point of interest in the actor-
oriented approach is how people negotiate and transform this technology (used here in the
broadest sense of the word). The intervention results in actual changes to the status quo and
the expectation of further changes. These changes are what Long (1992) calls “structural
discontinuities,” and they are what people react to when they decide how they are going to
adapt and transform the technology and their social networks to fit into their own mental
maps of reality or lifeworlds. One possible reaction is, of course, to ignore the technology
and to try to maintain one’s lifeworld unchanged. It is exactly these reactions, or lack of
them, that the AO approach seeks to identify and study.

33

Lifeworlds

Lifeworlds are the realities that people adaptively construct for themselves. They are the sum total
of the mental maps and models that people have built to allow them to cope in their environments
and, as such, are made up of past experience and personal and shared understanding. Lifeworlds
are what lead people to react in the ways that they do when they confront an intervention (a new
technology). Thus, the lifeworld concept encompasses both the people and part of the environment
construct in Lewin’s (1951) model. Schiitz and Luckmann (1974) describe a lifeworld as a “ ...
lived-in and largely taken-for-granted world.” This taken-for-granted nature of lifeworlds makes
them difficult to study, because people often do not understand the concept or realize the limits of
their own lifeworlds unless they are challenged (Long 1992). The methodological importance
of the lifeworld concept is that it explicitly acknowledges that people have different realities
and makes understanding these realities a primary research activity. This is very different
from more traditional approaches that put a premium on the scientist’s understanding of
problems and solutions.

Interface

The interface concept is closely linked to that of intervention. Social interface is defined by
Long (1989) as “ ... the critical points of intersection or linkages between different social
systems or levels of social order, where structural discontinuities based upon differences of
normative values and social interest are likely to be found.” In other words, interfaces are the
areas in which different social groups experience mutual friction and, if the introduction of a
new technology is going to cause problems or create opportunities (i.e., structural discontinuities),
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the interface is where they will be found. Long goes on to say that “ .. the concept implies face-
to-face encounters between individuals or social units representing different interests and backed
by different resources.” It is by identifying these interfaces and then studying the perturbations
that occur as a result of the intervention that we can understand how interventions are modified
by everyday life, and vice versa (Arce and Long 1992). The interface concept is thus contained
within Lewin’s concept of environment in his model.

Methodologically identifying interfaces is important, because they allow us to identify
all the groups that are involved in and influenced by a technology without overlooking
something important, as happened in the Tanzanian bean example.

The concepts and value of intervention, lifeworlds, and interface can be illustrated
with an example from the Philippines (Douthwaite et al. 2002). A mechanical rice harvester
was introduced into the Philippines in 1983 by both the public and private sectors. This was
the intervention. Initially, the machine was purchased by hundreds of farmers (one social
group) who wanted to reduce wage payments to manual harvesting teams (another social
group). The traditional arrangements surrounding the hiring of harvest labor teams by farmers
was the interface, and the structural discontinuity was the farmers’ decision to depart from
these arrangements and use the machine instead. The harvest laborers found themselves out
of work and started sabotaging the reapers by hiding iron rods in the rice crop that broke the
reaper cutter bar. The harvest laborers also started to refuse to harvest fallen crop manually
or to harvest in muddy fields where the reaper could not work. Finally, they boycotted other
farm operations, such as transplanting and weeding on the adopting farmers’ fields, resulting
in a structural discontinuity at another interface. Some reaper owners abandoned their
machines, and the adoption rate fell sharply.

The structural discontinuities led to negotiations between the two groups that resulted
in an institutional innovation (an emergent structure) that has allowed both groups to
incorporate the reaper into their lifeworlds. The manual harvest teams started to hire the
reapers from the owners, because they found that the machines allowed them to harvest
more crop and increase their net income. As a result, they were able to share in the benefits
of the technology, and their attitude toward it changed.

THE FOLLOW-THE-TECHNOLOGY APPROACH IN PRACTICE

As we’ve seen from the bean and reaper examples, we need a methodological approach to
INRM that is adaptive and flexible enough to be able to respond in a timely way to unexpected
events and unintended consequences. The problem with “cookbook” approaches to monitoring
and evaluation is that they all come with fixed preconceptions, embodied in the indicators
chosen, of what is going to be important. The methodological importance of the follow-the-
technology (FTT) approach is that it does not try to predict the future in this way. Rather, it
does what the name suggests and follows the technology, using this intervention as the entry
point into a complex situation, and then allowing what is discovered to determine what is
important. In this way, it narrows the research arena to fit within achievable boundaries.
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In practice, we should attempt to follow the progress of the technology from first adoption by
identifying and asking the classic journalistic questions (What? Why? Who? When? Where?
How?) about the:

e novelties generated,
e selection decisions made, and
e promulgation mechanisms used.

Furthermore, we should be looking for these effects in areas of interface while seeking
to understand people’s realities and how they affect the answers.

The FTT approach as a monitoring and management tool

Researchers in Nigeria (G. Tarawali, B. Douthwaite, N. C. de Haan, and S. A. Tarawali,
unpublished manuscript) have demonstrated the relevance of the FTT approach to INRM.
This approach is currently being applied to the monitoring, evaluation, and ex ante impact
assessment of the following project.

In the late 1990s, scientists from the International Institute of Tropical Agriculture
(IITA) in Ibadan; the International Livestock Research Institute (ILRI) in Nairobi, Kenya; the
International Centre for Research in the Semi-Arid Tropics (ICRISAT) in Hyderabad, India;
the International Fertilizer Development Center (IFDC) in Muscle Shoals, Alabama, USA;
and the University of Durham in Durham, UK, developed “best-bet” options or technology
packages that sought to integrate the most appropriate solutions that each institute had to
offer. The pilot site chosen was Bichi in the northern Guinea savanna in northern Nigeria, and
the best bet was considered to be an improved version of an intercropping technique already
used by local farmers, in which they alternated rows of sorghum with rows of cowpeas. In the
best-bet version, two rows of ICRISAT’s best sorghum variety were intercropped between
four rows of [ITA’s and ILRI’s best dual-purpose cowpeas, and planting densities were much
closer than those traditionally used. The normal practice of local farmers is to plant early-
maturing cowpeas at the start of the rains in alternate sorghum rows and later-maturing cowpeas
for fodder in the remaining rows when the rains become more regular (Mortimore et al.
1997). The expectation in the design of the best-bet package was that farmers would be able
to harvest two crops of the improved early-maturing cowpea.

Eleven farmers began a trial of a version of the best bet with fertilizer and pesticide
(BB+) and one without these inputs (BB). Their agreement to try out the best-bet package
represented the intervention in terms of the FTT approach.

After the first season, farmers and researchers had been through several interactive
learning selection cycles (see Fig. 2) in which they had generated novelties and made
selection decisions. Only one farmer had attempted to double-crop his improved cowpea.
Rains at the time the first crop was harvested meant the other farmers decided not to cut
down their cowpea plants for fodder, because they would not be able to dry them. Instead,
they chose to continue harvesting the few late pods. However, the one farmer who did
generate the novelty (a novelty to the community) of double-cropping had good results,
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and his learning experience influenced others to try double-cropping the following year.
Researchers played an important role in promulgating the double-cropping innovation.
The other mutual learning experience was that the BB (without inputs) treatment did not
perform adequately. Farmers were insistent that, because the BB experimental plots occupied
a large percentage of their farms, they were going to add fertilizer and pesticides. The
experiment was changed as a result.

We are currently using the FTT approach to analyze the interface between the
researchers and the farmers to determine the extent to which farmers adopted the best-bet
technology because it seemed to make a plausible promise of benefiting them, or whether
they had other reasons. We are also following the technology out into farmers’ fields to see
exactly how much of the technology they have adopted. We are using a geopositioning
system to map the corners of fields where some level of adoption has taken place and then
entering these data, as well as photographs and word descriptions, into a geographical
information system. This database will help us identify any novelties that farmers may be
generating, the selection decisions they are making, and the degree to which the technology
is diffusing. We will then use a variety of survey and focus group tools to attempt to
understand farmers’ motivations for their actions. The concept of interaction indicates that
we should look at how their membership in different groups affects farmers’ participation,
motivations, and behavior, whereas the concept of lifeworlds will lead us to explore how
people’s past experiences and current cultural practices affect the integration of technology
into their systems (learning selection).

THE FTT APPROACH TO CATALYZING, MANAGING, AND
MONITORING RURAL TECHNOLOGY CHANGE

The FTT approach can be used to catalyze rural technology change by following specific steps
(Appendix 1), together with the monitoring and evaluation approach described above. In
summary, the first step in the FTT approach takes place when researchers develop a solution to
areal problem facing local farmers that at least some of the more innovative ones are willing to
accept as feasible (the plausible promise). This plausible promise is the catalyst around which
the product champion seeks to build and nurture a co-development team of researchers and key
participants, i.e., those who have the most to gain and lose from the innovation. As such, the
plausible promise is critical to project success. Whether or not a research intervention represents
a plausible promise is determined by the adopters, not the researchers.

The monitoring and evaluation of the process that unfolds focus on identifying the
novelties generated, selection decisions and mechanisms, and promulgation mechanisms.
The actor-oriented analytical structure helps explain actions and outcomes through the
concepts of the interface and lifeworlds, which may not be logical from a scientific
perspective. These concepts can also help explain people’s motivations, which drive adoption
processes. For example, they can help the project champion understand the extent to which
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farmers are collaborating because they believe in the plausible promise, or whether they
are adopting the technology because of other incentives, e.g., access to subsidized inputs
or jobs for their relatives. It also forces the monitoring and evaluation team to look at all the
actors involved in the process and not only those targeted by the research team that developed
the best bet.

The FTT approach to monitoring and evaluation can also be used to follow and
understand any technology change process, not just one that started with a plausible promise
based on research. It can also be used to analyze the history of an innovation to understand
existing adoption patterns. Such understanding is clearly important to managing ongoing
INRM interventions and planning future ones.

CONCLUSIONS

Successful INRM requires people from different disciplinary and social backgrounds to work
together. Epistemological differences between the hard and soft sciences may be one constraint
to effective collaboration. The follow-the-technology (FTT) approach to catalyzing, managing,
monitoring, and understanding rural technology change was developed in this paper to provide
a framework that both realist-positivists and constructivists can work with. The core model is
based on an analogy between technology change and Darwinian evolution, which is much
better understood. One strength of this analogy is that it can provide a basis for both hard and
soft scientists to negotiate a common understanding and language, because normally both
camps accept Darwin’s theory.

Successful INRM also requires management and monitoring and evaluation systems
to be adaptive and flexible, because the operational contexts will be complex and
unpredictable. Rather than trying to measure and monitor everything that might be important
during an INRM project, the FTT approach does what the name suggests and follows the
effects of the project interventions. The focus of the monitoring and evaluation effort is then
determined based on these findings, rather than on preconceived ideas of what is going to be
important, who is going to be affected, and what criteria to measure. In this way, we expect
that project managers will receive more relevant feedback faster and be able to make the
changes necessary to promote beneficial impacts and avoid negative ones.

The FTT approach can also be used to catalyze technology change. We gave the
example of Linus Torvalds, the developer of Linux, who was able to use a very similar
approach to leverage more creative talent than Microsoft, one of the richest companies in the
world. We believe that the FTT approach is able to make the plausible promise of being able
to catalyze the innovative potential of the technology users, which is necessary to scale up
the technology from the pilot site to the landscape.
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APPENDIX 1

The learning selection approach to co-developing innovations with users (after Douthwaite

2002).

1.

Start with a plausible promise

The first step to take when attempting to induce change through learning selection
is to produce a “plausible promise,” or something that convinces potential
stakeholders that the new technology can evolve into a tool or process that they
really want. Experience shows that it is difficult to enlist co-developers if the whole
project is abstract. Mokyr (1990:9) believes that the process of inventing plausible
promises is by its nature something that « ... occurs at the level of the individual.”
He says that creating a plausible promise is “ ... an attack by an individual on a
constraint that everyone else has taken for granted.” It is not something that lends
itself to a broad consensus approach. Therefore, creating a plausible promise is
often about doing excellent, groundbreaking science that produces something that
at least a few innovators in the target group might find useful.

The plausible promise does not need to be refined or polished; it can be
imperfect and incomplete. In fact, the less final it is, the more scope there is for the
stakeholders to innovate and thus gain ownership of the technology. The more
problems there are, then the greater the chances that the key stakeholders will give
up in frustration. A delicate balance must be maintained.

Find a product champion

The next step is to identify the innovation or product champion. He or she needs to
be highly motivated and have the knowledge and resources to solve problems.
Someone from the R&D team is likely to be suitable, because he or she will probably
have both the necessary technical knowledge and the motivation; it always helps if
the product champion already has a stake in the technology. He or she must also
have good people and communication skills because, to build a development
community, it will be necessary to attract people, interest them in what is going on,
and keep them happy working for the common cause. The product champion’s
personality is therefore crucial.

Keep it simple

Don’t attempt to dazzle people with the cleverness and ingenuity of the prototype’s
design. A plausible promise should be simple, flexible enough to allow for revision,
and robust enough to work well even when not perfect. The critical comments of
your colleagues don’t matter. Your potential co-developers’ needs and knowledge
levels do. For example, if you are designing a combine harvester and you know the
manufacturers and farmers you’ll be working with are familiar with a certain type of
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thresher, then use that in your design, even if it is technically not the most elegant
solution. As John Gall (http://www.quoteland.com/qldb/author/59) said, “A complex
system that works is invariably found to have evolved from a simple system that
worked.”

Work with innovative and motivated partners

Allow the participants in your learning selection process to select themselves based
on the amount of resources they are prepared to commit. Advertise or write about
your plausible promise in the media, do field demonstrations, or post on the Internet
and wait for people to contact you. Don’t give inquirers anything with a resale value
for free. For example, if your prototype has an engine, then charge the market value
for it. Otherwise, people may be motivated to adopt it to get something for nothing.
In addition, people generally value something more highly if they have paid for it,
and they will be more committed to sorting out the problems that emerge.

On the other hand, you must make it clear to the first adopters that they are
adopting an imperfect product and that they are working with you as co-developers.
You need to reassure them that you will be contributing your own resources to the
project and will not abandon them with a lemon. You should be prepared to offset
some, but not all, of the risk they are taking in working with you. Getting the balance
right is very important here, too.

Work in a pilot site or sites where the need for the innovation is great
Your co-developers will be influenced by their environment. Their motivation levels
will be sustained for a longer period if they live or operate in an environment where
your innovation promises to provide great benefits. In addition, they are more likely
to receive encouraging feedback from members of their own communities.

Set up open and unbiased selection mechanisms

a) The product champion/selector.

As soon as you have the key stakeholders working with you and generating novelties,
you need ways of selecting and promulgating beneficial changes. Initially, the product
champion usually plays this role. An effective selector must be able and prepared to
recognize good design ideas from others. This means that, when this person is also
the inventor, he or she must be suitably receptive and thus able to accept that others
might have better ideas.

Very few people are capable of effectively championing their products and
selecting novelties at the same time. This is because, to be good at the former, it is
necessary to believe deeply in the product’s benefits and be able to defend it against
criticism. An effective selector, on the other hand, must keep an open mind and be
able to work with others to question fundamental design decisions.
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If a product champion defends the technology too strongly or shows bias,
then “forking” occurs, and the disaffected person or group branches off to do what
he or they felt prevented from doing by the selector. It is good to have people test
alternative design paths, but, if it is done in frustration or spite, then cliques form,
making any comparison and subsequent selection between rival branches difficult.
Creative talent is split, and energies can be dissipated in turf wars.

b) Alternative selection mechanisms.

Even if the product champion can be open-minded and unbiased, he or she may
have problems convincing others. One option is to set up a review mechanism that
is well respected by the key stakeholder community. There are a number of ways of
doing this. Three that work are review by an independent organization, peer review,
and the provision of enough information to potential adaptors that they can make
informed selection decisions themselves.

Don’t release the innovation too widely too soon
For the innovation to evolve satisfactorily, the changes the stakeholders make to it
need to be beneficial, and, because those generating the novelties will have gaps in
their knowledge, product champions should restrict the number of co-developers so
that they can work with them more effectively. When people show enthusiasm for a
prototype, it is very tempting to release it as widely as possible, but this should be
resisted. The technology will always be less perfect than the inventor initially thinks.
However promising the technology might appear to be, there are many things
that can and will go wrong. First adopters need to be aware of this and have ready
access to the product champion. Otherwise, their enthusiasm will quickly turn to
frustration, and the product champion will end up defending the technology against
criticisms when the problems appear. Once the product champion becomes defensive,
he or she will be far less useful at solving problems.

Don’t patent anything unless it is to prevent someone else from
privatizing the technology

In learning selection, people cooperate with each other because they believe that all
will gain if they do. The process is, therefore, seriously damaged if one person or
group tries to gain intellectual property rights over what is emerging. First, the
community spirit is damaged. Second, patents are monopolies that immediately
reduce the novelty generation rate and thus slow down future development and the
flow of ideas.
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9.

10.

Realize that culture makes a difference

The Tanzania bean example given in the text shows just how much difference local
culture can make. The negative impact of women being dispossessed from their
land would not have happened in a culture that gives women stronger rights to
property. Culture can also influence the degree to which knowledge is guarded within
a particular group, or spread around. Learning selection is going to be greatly impeded
in cultures where new knowledge is carefully guarded, either by keeping it secret or
taking out and enforcing intellectual property rights.

Know when to let go

Product champions need to become personally involved and emotionally attached to
their projects to do their jobs properly. However, this makes it easy for them to go on
flogging dead horses long after it has become clear to everyone else that the technology
is not going to succeed. Equally, project champions can continue trying to nurture
their babies long after they have grown up and market selection has begun. It is,
therefore, a good idea to put a time limit on the product champion’s activities.
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This paper analyzes integrated natural resource management (INRM) lessons and
success factors based on a practical case study over more than 10 years in Zimbabwe.
The work was geared toward enhancing the adaptive management capacity of the
stakeholders in their resource-use systems. One main result was the development and
institutionalization of an approach for participatory and integrated NRM research
and extension. The INRM approach described is grounded in a learning paradigm
and a combination of theories: the constructivist perspective to development, systemic
intervention, and learning process approaches. Participatory action research and
experiential learning, in which researchers engage themselves as actors rather than
neutral analysts in an R&D process to explore the livelihood system and develop
appropriate solutions together with the resource users, has shown high potential.
However, this should be guided by a clear strategy, impact orientation, and high-
quality process facilitation at different levels. The case study revealed the importance
of a “reflective practitioner” approach by all actors. More effective response to the
challenges of increasing complexity in NRM requires a shift in thinking from the
linearity of research—extension—farmer to alternative, multiple-actor institutional
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outcomes to actual impact, it also suggests an alternative to conventional impact assessment
in INRM R&D interventions.

KEY WORDS: change management, facilitation, impact assessment, institutionalization, learning
processes, local organizational development, natural resource management, participatory approaches,
systemic intervention.

INTRODUCTION AND BACKGROUND

The term “integrated natural resource management” has no universally accepted definition.
It is an emerging concept, understood as “the responsible and broad-based management of
the land, water, forest, and biological resources base (including genes) needed to sustain
agricultural productivity and avert degradation of potential productivity” (CGIAR-INRM-
Group 1999). This definition allows a wide-spectrum interpretation. Many conceptual,
methodological, and institutional questions need to be clarified and answered to reach a
common understanding of the role and contribution of INRM research. What products and
results should research deliver, what should be the role of extension, and how can the efforts
of all actors be integrated in an effective, institutional arrangement to bring about the desired
impact? This complexity and integration at different levels pose serious conceptual and
organizational challenges where roles and mandates between the actors are based on a
component technology focus. Conventional linear models, methodologies, and tools do not
fit an INRM framework that tries to take a more holistic perspective to deal with dynamic
complexity of resource-use systems. Various alternative approaches and methods are being
developed, rediscovered from other scientific fields and adapted to INRM (e.g., action learning,
Lewin [1946]; and process approaches, Corten [1980]).

We analyze practical experiences in participatory, integrated research and extension
in NRM in rural livelihood systems in Zimbabwe since 1990 and South Africa since 1998.
We discuss conceptual, methodological, and institutional lessons and draw conclusions on
future challenges in INRM. We review development of the approach in Zimbabwe, discuss
specific building blocks in INRM, and present an emerging conceptual framework. The
main elements considered are conceptual underpinnings, complexity, integration of
components, scaling up and out, modeling, and impact assessment in INRM.

THE LEARNING CASE: APPROACH DEVELOPMENT IN
INRM R&D IN ZIMBABWE

Evolution of the INRM approach
INRM work began in Zimbabwe in 1988 as part of a collaborative program between the
National agricultural extension service (AGRITEX), German development co-operation
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(GTZ), and later the strategic ally, the Food Security Project of Intermediate Technology
Zimbabwe (ITZ). The program started off with a technical research focus on soil and water
conservation in the semiarid areas of southern Zimbabwe (Chivi, Zaka, and Gutu districts in
Masvingo province). Over time, it iteratively integrated more technical and social elements
of'the rural livelihood systems into the original INRM framework. The ability of rural people
to develop and optimally use their own potential, together with the goal of making a real
impact at the farmers’ level, guided the project’s evolution.

Once success at the farmer level was evidenced through NRM innovations developed
jointly with farmers, with broader adoption of social and technical innovations, scaling-up
considerations led to institutionalization of the approach within the extension service. The
extension service was to provide the facilitation to trigger large-scale implementation of the
INRM process. The focus on developing institutional capacities to scale up the process turned
the program into an institutional experiment that became a more self-conscious intervention
through ongoing monitoring, analysis, and conceptualization of the experiences.

From more than a decade of work at institutional, conceptual, and field levels, six
major learning cycles of action and reflection in development of the approach can be
distinguished. They reveal technical and institutional insights at farmer and service provider
levels that propel continual readjustments and reorientation of the focus. The main stages of
this INRM action—learning process are summarized as:

* Phase 1 (1988—-1990): on-station research on conservation tillage;

* Phase 2 (end of 1990-1992): adaptive on-farm trials on conservation tillage with
individual farmers and farmer groups;

* Phase 3 (1992-1994): opening up: farmer participatory research and participatory
technology development with individual farmers and farmer groups on broader natural
resource management technologies;

* Phase 4 (1994-1995): refining the concept and approach for collective innovation
processes (local organizational development) in INRM;

* Phase 5 (1996—-1997): conceptualization of experiences and scaling up: piloting a
competency development approach at institutional level to the extension service as
facilitators of such processes at large scales;

* Phase 6 (since 1998): institutionalization, scaling up and out: organizational change
program within extension service to adapt the organization service delivery approach.
Large-scale competence development and networking at NGO level were other focal
areas during this phase, with field activities expanded.

Since 1998, the lessons learned in Zimbabwe have been used to expand and further
develop the approach in the northern province of South Africa as a second major learning
case. Greater details of the evolution of this INRM approach are documented in Hagmann
(1999) and Hagmann et al. (1997, 1998, 1999).
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Main elements of the approach to INRM

The INRM approach, as it emerged from experiences in southern Zimbabwe, is a value-
driven, community-based learning process in which local people and external service providers
share ideas and learn together (Conroy et al. 2002, Davis-Case 2001). Outsiders and/or insiders
facilitate this process. The basic strategy to strengthen the adaptive capacity of the natural
resource management system at the local level is:

1. To strengthen the collective capacity of local groups, institutions, and organizations for

self-organization, collective action, negotiation of their interests, and conflict
management, as well as their articulation and bargaining power vis-a-vis authorities,
service providers, and policy makers (“local organizational development™).

. To enhance farmers’ capacity to adapt and develop new and appropriate innovations by

encouraging them to learn through experimentation, building on their own knowledge
and practices and blending them with new ideas in an action learning mode. Usually
these are agricultural technologies and practices, but they also address social,
organizational, and economical innovations.

. To enhance collective learning through action and social learning, facilitation of self-

reflection, sharing knowledge, and networking.

. To negotiate the management of natural resources and related services, policies, etc.,

through stakeholder platforms of communities, service providers, and other key players.

This core strategy is implemented through a variety of concepts, methodologies,

and supporting strategies. The INRM process is mainly guided by the vision and values to
which the intervening and facilitating agents, as well as the communities, agree and subscribe.
These core values are:

full ownership of the process by the community and control over their own resources;
self-reliance of local communities;

self-organization, sharing, and cooperation;

inclusivity of all stakeholders and groups;

equal partnership among farmers, researchers, and extension agents, who can all learn
from each other and contribute their knowledge and skills;

equitable and sustainable development through negotiation of interests among these
groups and by providing space for the poor and marginalized in collective decision
making; and

natural resource conservation as part of the generation contract.

The implementation process follows a sequence of flexible steps that are initially

facilitated through outsiders (see Fig. 1; Hagmann 1999:65).
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Figure 1. Sequence of process steps of the INRM R&D process at the community level.

Interactive Situation Analysis
» actor-network participatory analysis
exploratory vision, needs and problem analysis
« analysis of decision-making rationales, interests and
motivation of actors at farm-livelihood level
* analysis of natural framework, external influences,
institutional/administrative framework

Facilitation of Platform Building
« development of visions and building of consensus
« negotiate of 'sustainability'
« identification of shared problems, needs and goals
. facilitate institutional strengthening
« in-depth environmental analysis (scenarios, modeling)

Negotiation of Interests, Power and Collective Action

« land-use negotiation (village-level or watershed-level
land management)

« negotiation on collective rules, regulations, by-laws
and sanctions

« exposure to options (‘search for solutions')

. linking of responsibilities and tasks to local institutions/|
organizations, exploring leadership development

Planning and Implementation of Collective Action

« planning the collective action

. developing indicators for impact monitoring

. development of/learning about innovative technolo-
gies: designing experiments (can include scientific
experiments together with researchers), individual
and collective experimentation and learning

Re-Negotiation and Re-Planning of <— Sharing of Results and Evaluation
Collective Action . interactive communication of basic ideas,
« review of shared problems principles and processes experienced
« re-negotiation and re-focusing of during experimentation and implementa-
collective action tion of collective action
« evaluation of technologies and innovation
process: extract and build upon positive
experience, analyze reason for failures

The methodological sequence can be viewed as a cyclical spiral of collective action,
reflection, and self-evaluation (Fig. 1). Each cycle brings new learning experiences on which
the next cycle can build. Not even the situation analysis is static; it will provide more insights
during implementation that might require new actions. This action learning is an iterative
process, aimed at full engagement and ownership of the process by local people with their
own goals, values, and needs (Douthwaite et al. 2002, Douthwaite 2002).
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Results and impacts of INRM R&D

The INRM process concentrated on local impact, while analyzing and conceptualizing the
lessons for scaling up and creating broader strategic research results. Long-term impacts of
the participatory innovation development and extension approach in INRM cannot yet be
fully quantified because large-scale assessment has not been finalized. However, the impacts
up to 1996 have been qualitatively assessed and described (Hagmann et al. 1997, Murwira et
al. 2000). We will present some of the key impacts.

Some local impacts (farmers’ level)

More than 20 innovations in the field of land husbandry were developed in cooperation with
farmers. These ranged from agricultural implements and tillage techniques to soil fertility
techniques (a range of different manures, fertilizers, and organic matter management), soil and
water conservation technologies (physical, biological, and agronomic measures), crop husbandry
(natural pesticides, inter/relay cropping), rangeland improvement, fencing techniques, etc. (Fig. 2).

Figure 2. Technical innovations developed and tested based on farmers’ and researchers’ ideas
(Hagmann et al. 1997).

Soil and water conservation techniques Other agronomic and biological soil
management methods

* tied ridges/furrows * innovative planting techniques

* basin tillage (widely spaced ridges/ « various planting dates (various crops)
semi-circular bunds) + various methods of making compost

« creative vetiver applications + spreading of termitaria as fertilizer

» methods for rill reclamation « various manure and fertilizer applications

+ the modified “fanja-juu” » green manure with crotalaria species

« infiltration pits

+ stone bunds

* subsurface irrigation for gardens
inverted bottles for irrigation in gardens natural pesticides

plastic sheet to prevent rapid raising of indigenous trees
drainage (gardens) + chicken manure as topdressing
* mulching in gardens

* mulching in fields

planting and use of hedgerows
a relay cropping system
various intercropping combinations

Implements

+ animal-drawn disc ridger

+ donkey-drawn toolbar (multiple purpose)

+ a knife-ripper tine mounted on the plough beam
+ a planting device mounted on the plough beam
+ animal-drawn weed roller

There was a large-scale spread of a spirit of experimentation: up to 80% of the
households in the intervention areas experimented with soil and water management and
other NRM technologies, continually improving their effectiveness and management. The
most successful technologies were related to soil fertility and water conservation (Fig. 2).
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Capacity has increased for adaptive management, self-organization, problem-solving,
and collective management of natural resources, e.g., conflicts, by-laws, local organization,
and articulation vis-a-vis outsiders, policy makers, and service providers. For example, in
one ward of approximately 1000 households, leadership changes induced through a local
organizational development process enabled a rise in membership of farmer and other local
organizations from 120 to 800 members within two years. Social capital became strong enough
to challenge service providers (e.g., turning down extension agents who were not considered
useful) and to deal with development and NRM issues confidently by themselves. Through
solving leadership problems between modern and traditional institutions, rules and by-laws
for common property resources, such as grazing schemes, were set up. Diversification of
land use and crops, as well as a more site-specific utilization of spatial variability, have had
an impact on the adaptive capacity of the resource-use system. Male-headed and female-
headed households were assessed as equally active. Articulation of women in general, from
both female- and male-headed households, increased to the extent that women often challenged
men openly in discussions.

Some impacts in relation to scaling up of the process of INRM (institutional level)
More than 300 extension agents have developed the facilitation competence for INRM and
have facilitated INRM processes in Zimbabwe. So far, quantitative impact assessment beyond
the pilot areas is not yet available, but each extension agent is actively practicing this approach.
In some areas, they apply it to their whole area (about 1000 farmers); in other areas, selected
communities are being facilitated to use this approach. Gradually, a scaling up to watershed
or district level might be reached. Cross-village sharing and cooperation and supra-village
organization and representation are growing.

There are increasing requests for training from other actors (NGOs, consulting firms,
etc.). This enhances harmonized approaches and a more homogeneous scaling up.
Institutionalization and active promotion of such approaches in the extension department
through organizational development matched the participatory approach. Changes in
organizational culture, structure, and procedures developed from this effort enhanced the
participatory extension in INRM.

Some strategic research/public good outputs (conceptual levels)
Numerous international publications have been generated from this project (see Literature
Cited and Hagmann 1999, Murwira et al. 2000). Other outputs include:

* process analysis, approaches, and methodologies for innovation in NRM (e.g., approach
for participatory extension, a model for linking research and extension, methodologies
for learning process implementation);

» technologies and technological research (e.g., publications on soil and water management);
and
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» process analysis, approaches, and methodologies for competency development in
facilitating action learning (Moyo and Hagmann 2000), design of process for
institutionalization of participatory approaches and organizational change in national
agricultural research system institutions (Hagmann et al. 1998).

FUNDAMENTAL CONCEPTUAL AND METHODOLOGICAL
LESSONS AND SUCCESS FACTORS

The INRM approach developed in Zimbabwe is composed of various concepts and approaches
drawn from different scientific disciplines. The synthesis of lessons learned and conclusions
about success factors are based on our long-term practical experience. The vast majority of
cases in agricultural research focus on linear technology development in NRM. Participatory
research and stakeholder involvement are applied to improve the relevance of the work within
a linear, positivist paradigm (Scoones and Thompson 1994) in which ownership of the process
remains generally with the researchers. Other cases working toward integrated natural resource
management (e.g., Murphree 1993, Uphoff 1996, Farrington and Lobo 1997, Ashby et al.
2000, Gass 2002) have taken a more holistic perspective. Particular features that distinguish
our work from most of these cases can be categorized as:

* process-based action research in which ownership of the process is with the local people/
resource users;

» application of “systems thinking” in the sense of “systemic intervention,” combined with
learning process approaches, which allows exploration of the system from within; and

+ systematic application of action learning for “experiential approach and concept
development” in INRM interventions, which includes a more strategic perspective on
impact assessment.

This paper focuses on the most innovative parts of our INRM work in Zimbabwe
and South Africa, which are structured along the key elements of INRM approaches:
underlying concepts, dealing with complexity, integration, scaling up and out, modeling, and
impact issues.

Foundation for INRM interventions: different perspectives,

concepts, approaches, and methodologies
In this framework, the key points relate to constructivism, sustainability and adaptive capacity,
research vs. innovation, experiential learning, facilitation, and interdisciplinarity.

Constructivist perspective and social learning
There is a need to clearly differentiate between the roles of the resource managers in INRM
(“insiders™) and the roles of research/extension outsiders in support interventions for INRM.
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Natural resource management by local resource users is always “integrated” as they deal with
resource management from their own complex livelihood perspectives (Saad 2002). This
does not mean that the integrated perspective leads to sustainable resource use, but based on
our experience in Zimbabwe at micro and meso levels, the degree of sustainability in resource
use is largely a result of rural people’s knowledge, culture, values, norms, and capacity to act
and organize themselves. Any managed change depends on conscious decisions of the actors
to change their behavior (van Mele and Zakaria 2002). Decisions, however, are always based
on the actors’ existing perceptions and construction of reality, not on externally perceived
realities. Therefore, if external agents intend to influence peoples’ decisions, they are most
likely to be successful if they have inputs into people’s reality construction process (e.g.,
through raising awareness and through facilitation of decision-making processes) (Snapp et
al. 2002).

This simple, but fundamental, fact calls for a constructivist perspective (Berger and
Luckmann 1967, R6ling 1996) in INRM R&D interventions, where negotiation of perspectives
and interests is central. In practice, this implies that outsiders can be most effective if they
have a truly facilitative role in a social learning process among the actors and stakeholders.
The goal of social learning in collective action should be the creation of an environment in
which the multiple, complex objectives of individuals are articulated and recognized, and
where freedom for diversity and situation-specific solutions is inherent (Saad 2002). Collective
accountability for natural resources is built through generating a common vision. Experiences
from Zimbabwe highlight environmental learning and analysis that builds from stakeholders’
values, together with the creation of new social norms, generating common vision and values.
Existing local institutions and organizations should ideally be the basis for building this process.

Successful interventions in INRM thus need to be facilitative, based on a constructivist
epistemology (see Douthwaite et al. 2001, Douthwaite 2002) and soft-systems methodologies
(Checkland and Scholes 1990). There are two different schools of systemics, which are often
termed “hard” and “soft” (Bawden 1995:8). Hard-systems approaches attempt to understand
entire systems, e.g., cropping enterprises, whole farms, groups of farms, or even communities,
by looking at them from the outside, assuming that the system variables under study are
measurable, that the relationships between cause and effect are consistent, and that they may
be discovered by empirical, analytical, and experimental methods. Soft-systems thinkers
look at “human activity systems” arguing that systems are creations of the mind or theoretical
constructs to understand and make sense of the world. Hence, soft-systems methods aim to
generate knowledge about processes within systems by stimulating self-reflection, discourse,
and learning (Hamilton 1995:35-36).

This does not mean that positivist, hard approaches have no place and are being
replaced. Both hard and soft research methods are needed: soft participatory action research
on processes of NRM (e.g., organization, collective management, competence development,
conflict management) and conventional hard research on technological and social issues
(e.g., soil conservation, agronomic practices, socioeconomic studies). The use of hard
approaches within a constructivist framework differs substantially from conventional
approaches.
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Sustainability and adaptive capacity

Experience within complex, dynamic livelihood systems in Zimbabwe and South Africa led
us to conclude that the only thing that is sustainable is change itself. Sustainability in
development and in NRM is a continual value-dependent, political and social negotiation
process that cannot be determined by outsiders for the insiders. Sustainable NRM, and even
development in general, can be seen as a social learning process in which the goal is to
increase human capacity to solve problems and adapt to changing conditions: “adaptive
capacity” (Holling et al. 1998, de Boef 2000). In this framework, sustainable NRM is decided
less by technical expertise than by learning and negotiation among stakeholders. Collective,
active adaptive capacity is the key determinant for sustainability.

From linear research to innovation as a complex social process

Recognition of innovation as a socio-technical and collective process (Latour 1993, Richards
and Diemer 1996, Kuby 1999) was central to the intervention. The spread of innovations and
impact failed when working with individual farmers, be it with collectively managed resources,
individual plots, or innovations. Societal norms in the communities meant that “natural-
born” innovators were often avoided and victimized (out of jealousy) rather than imitated.
Thus, the social environment needs to be highly conducive if innovations (social and technical)
are to spread, be it in NRM or any other part of the livelihood system. Thus, the NRM
learning process was never separated from the complex livelihood context. This implies that
the external intervention facilitated platforms for negotiation and participatory action learning
at the community level and enhanced the communities’ exposure to ideas and technologies.
Farmer experimentation and sharing among community members enabled rural people to
increase awareness of their reality construction, negotiate changes, and come to a commonly
shared perception.

The linearity of research—extension—farmer as the conventional pathway for
innovation and impact proved rather ineffective in Zimbabwe, even if improved through
feedback loops from farmers to researchers through on-farm trials. Innovation was much
more than research, involving a whole system that is creative, multi-actor, motivating, and
inspirational. Research, extension, and farmers are just three actors in a nonlinear, dynamic
system. The direct cause and effect of a certain activity is almost impossible to assess. This
has important consequences for INRM research. In contrast to the linear model, research can
no longer stay “outside” and investigate objective, transparent, and predictable elements of a
system. Again, researchers need to understand themselves as part of an actor system
contributing to innovation processes that are not controllable and predictable. The roles of
different types of research (e.g., basic, applied, adaptive) can no longer be separated clearly
because they are all part of a simultaneous innovation process. Implications of this perspective
are further described in the section on Understanding complexity.

In terms of intervention methodology, making INRM operational requires a “learning
paradigm” (Roling and de Jong 1998) with a flexible combination of concepts and
methodologies. Participatory action research (PAR; Lewin 1946, Selener 1997), experiential
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learning (Kolb 1984, Davis-Case 2001), systems thinking (Checkland 1985), chaos theory,
and self-organization (Wheatley 1999) are implemented through facilitation of process
interventions at all levels, and are guided by a clear vision and strategy to form the foundation
for approaches geared toward collective action and human, as well as social, capital-building.
Most important in designing and implementing such approaches are pragmatism, empathy,
and common sense. It would be reductionist to consider any single concept, approach, or
methodology (e.g., PAR) as the panacea methodology.

Experiential learning: from adoption to adaptation through farmer
experimentation

Experiential and discovery learning (Kolb 1984, Hamilton 1995) played a key role in enhancing
farmers’ creativity and capacity to innovate in INRM. Farmer experimentation (Fig. 3) has
been central to the operation of experiential learning processes. Often, it is simply seen as a
tool in participatory research. However, we discovered several important side effects beyond
the “tool” aspect, which were less visible, but played a central role in building the adaptive
capacity of farmers. These include farmer experimentation as:

* A methodology for discovery and experiential learning. It creates curiosity and a spirit
of trying and discovering.

* A way to value farmers’ own knowledge. Farmer experimentation improves the
understanding of biophysical processes by farmers (land literacy) and reveals the
interrelationship between farmers’ knowledge and scientific knowledge. This contributes
to a better mutual understanding and raises the status of farmers’ knowledge, in turn
raising confidence in their own solutions.

* A way to enhance farmers’ creativity. Curiosity and confidence encourage and trigger
creativity in finding solutions. People develop their own solutions rather than waiting
for answers from outside.

* A methodology that links technical and social processes and generates social learning.
A collective experimentation process automatically raises technical and social issues.
Any technology will be adapted to social conditions if farmers are trying them out and
sharing their experiences with others.

* A methodology for research and technology development. It helps researchers and farmers
to work effectively together and develop technologies. In this way, research has a major
role to play.

Experience in training and scaling up shows that, in most cases, farmer
experimentation is understood simply as a tool for research and technology development; its
other strengths are overlooked. To demonstrate its wider value to people with no experience
of this way of working, exposure visits to experimenting farmers proved very effective.
These allowed people to see that, in terms of land literacy and NRM in general, farmer
experimentation is the core methodology for enhancing their understanding of the resource
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Figure 3. Important components of farmer experimentation (Hagmann and Chuma 2002).
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system and for generating creative solutions to the challenges faced: in other words, their
adaptive capacity. Putting farmer experimentation into action required a number of practical
methods and tools to enhance farmers’ understanding of their ecosystem. A range of different,
easy-to-apply “learning tools” (simulation models) were developed to support the process.
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Facilitation of participatory learning and action research

In Zimbabwe and South Africa, across a number of sites with different facilitators, process
facilitation, as a non-instrumental form of intervention (Réling 1996), proved to be the
foundation of the learning process in INRM. The quality of facilitation was more important
than any particular tool or learning aid, and this skill proved to be more difficult for
development agents and local people to learn than any other skill needed for implementing
the learning process. The core of reflective facilitation (Groot and Marleveld 2000) is about
asking the “right” questions at the “right” time in order to enhance people’s self-reflection
and self-discovery without pre-empting the responses or pushing in a preconceived direction.
These questions should mirror to people the consequences of their present perceptions and
behavior, and possible solutions in the long run, thus leading to a deep self-reflection and
ownership of the problems that they express.

The values of ownership, participation/emancipation, and social learning were crucial
in facilitating the construction of new realities. Local ownership was created by basing the
interventions on local organizations that took full ownership and responsibility. Intervention
was geared toward strengthening those organizations through enhancing accountability,
improving leadership, and facilitating critical self-awareness and self-discovery of inherent
local (human) values.

Values probably had the greatest influence in farmer decisions in INRM. Through
skilled facilitation, these core values, such as social harmony, collectivity, inclusivity, and
environmental values, surfaced and could be debated in relation to farmers’ present situation
and behavior. These facilitated debates often triggered deep self-reflection. Over a number
of iterations, they brought about some new social norms, often expressed through slogans
and songs (e.g., “nobody knows nothing, nobody knows everything”).

The main difficulty is steering the facilitation process. Some supportive skills and
conditions can be outlined as:

1. A clear vision and the values of the process goal. This vision needs to be built upon
values such as development through participation, ownership, inclusiveness, people’s
self-development, openness, transparency, and accountability. With this vision, the
facilitator can handle situations flexibly and can pose the right questions to enhance
learning. The facilitator needs to lead the process, but not its outcome. Often, this can be
enhanced through exposure to successful cases, which provide real, concrete examples
of such a vision.

2. Empathy and the culture of inquiry. The facilitator must be able to empathize with group
members in order to react appropriately. Empathy goes beyond knowledge about group
dynamics; it is a skill that depends on personality and emotional intelligence (Goleman
1988). Another skill is the “culture of inquiry,” the ability to question fundamental as
well as apparently simple things and get down to details. Real problems often lie in the
details, which need to be disclosed before a solution can be developed. People’s mental
models often need to be made apparent and deconstructed through their own reflection
to generate new ways of thinking and acting.
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3. A clear understanding of the process design and steps. Unless the design is clear,
facilitators face problems guiding the process. Beginners to process facilitation need an
“operational framework” as a handrail to guide them. Such a framework defines the
objectives, key questions, issues, core methodologies, and partners for each process
step. Only after thorough training and experience in these steps can facilitators understand
and implement them confidently and modify them according to their own experience,
empathy, and common sense. Understanding the process with its usual ups and downs
also helps to reduce the frustrations often experienced when things do not go in the
desired direction. Having gone through a whole process cycle, facilitators know that
these frustrations are part of any nonlinear learning process and can handle these situations
by putting them in context.

Facilitating learning in INRM also requires knowledge about ecological principles
and practices, where specific learning tools play a crucial role (Hamilton 1998, Loevinsohn
et al. 2000, Hagmann and Chuma 2002).

Interdisciplinarity: a strategy toward integrating the disciplines

INRM, by its complex nature, is highly interdisciplinary. Accordingly, external research and
extension interventions can contribute most effectively if they are also interdisciplinary. As
experienced in Zimbabwe and South Africa, this poses a great challenge to linear, discipline-
based support organizations and to individual scientists. Often, problems are
compartmentalized and dealt with through a multidisciplinary team. Each member, with
individual disciplines, works on one compartment, but because the different compartments
are difficult to integrate, no higher level synthesis and synergy emerge. Based on our
experiences, we drew several lessons. A truly interdisciplinary approach in INRM research
requires a coherent strategy departing from the desired development impact of the intervention
and the users to be addressed. Different research questions can be formulated based on this
strategy, which provides a clear framework. It needs to be developed from the top or the
whole, along the following questions:

* What do you want to achieve in INRM?

* If your INRM research is to be successful, who (e.g., farmers, farmer organizations,
researchers, extensionists, policy makers, NGOs) would do what differently? Behavioral
changes can be used as impact/performance criteria.

* What is required to support behavioral change?

* What are the products and the outputs of INRM research to enhance these factors?

* What is the role of other actors?

* What are the INRM research questions leading to these outputs?

* How can these INRM research questions be best dealt with (approaches and
methodologies)?

*  With whom and how does INRM research have to collaborate to be effective?
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It is almost impossible to build such a strategy from single, disciplinary issues, or
from problems that arise at the local level. In other words, one requires a solid framework,
providing orientation and direction first. This impact-oriented thinking model provides the
basis for integrating and determining priority issues. It also provides the space to experiment
with innovative approaches without losing focus. The next step, once the strategy is clear
and “owned” by research teams, is to build small interdisciplinary teams with a very good
understanding of each other’s disciplines and thought models. Building joint conceptual
frameworks often occurs only after a team has “grown together” in joint work for at least six
months. Core teams need to manage and steer the disciplinary scientists to make their
contributions and create the feedback loops. Not everybody needs to be fully interdisciplinary.

Building interdisciplinary teams has two central elements: teamwork (which depends
on personality factors, but can be enhanced through team building focused on behavioral
issues) and the interdisciplinary science base (which needs to be learned and negotiated
between the disciplines). The capacity to practice interdisciplinary research in INRM needs
to be built up experientially. It is not a matter of qualifications in disciplines, but of expertise
in practice. Scientists need to become reflective, analytical practitioners who are good at
conceptualization. These components form a foundation for INRM interventions. Other
components, equally necessary to make INRM interventions successful, e.g., systems thinking,
will be discussed in the following section.

Understanding complexity: from systems analysis to exploring
systems from within

Another fundamental conceptual issue in INRM is complexity. Understanding complexity in
action-oriented INRM means dealing with complexity. Trying to understand the livelihood
system by becoming an actor (acting within the system instead of analyzing from outside) was
the key factor in identifying the most effective intervention points and pathways to maximize
impact. It was important to start exploring these systems from the perspective of farmers’
INRM, rather than from the top. Through this, a policy dialogue emanated and farmers’ reality
was recognized as a fact, rather than outsiders making assumptions about their reality (e.g.,
when policy makers were confronted by farmers about the implications of certain conservation
laws). System boundaries had to be widened beyond the livelihood system to include the whole
innovation system, with institutional support in INRM.

As a conceptual base for the iterative learning cycles, systems thinking, chaos theory,
and self-organization provide useful elements for a framework. Although the behavior of
social systems cannot be accurately predicted through external analysis, their reaction to
changes, e.g., through intervention, is most revealing. Kurt Lewin (1946) described this: “If
you want to know how things really work, just try to change them.” Thus, external, “clinical”
systems analysis and static intervention design, as practiced in farming systems research and
in many research and development projects, have failed to address the real issues that make
things work or fail (Bawden 1995). The Zimbabwe case fully confirms this, with unexpected
revelations about social dynamics after five years of intervention when hidden conflicts between
modern and traditional authorities surfaced and finally could be dealt with.
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A rather similar mechanism also applies to complex ecosystems with slow-acting
variables and rapid effects, which are very difficult to predict even if based on long-term
observation. Because such systems can only be analyzed at the point 0 + X time, it is impossible
to assess their dynamic complexity with a clear reference point. Analysis is always based on
moving reference points and targets, a major problem for both systems analysis and impact
assessment. It implies that we should give up the notion that we can ever analyze, understand,
and control all the factors in complex, nonlinear systems like livelihoods and ecosystems from
outside. Through interaction with the system in action research interventions and by analyzing
and interpreting the system’s reaction to changes, we are able to better understand characteristics
of the whole system. Such research contrasts with the reductionist realist—positivist paradigm.
Instead of analyzing as many separate components of a system as possible and how they interact,
the action research intervention would induce change in certain components of the system. The
reactions will reveal the interactions between the parts and which other parts of the system
must be understood in depth and dealt with at the given time and situation. Process approaches
are required in this exploration analysis, which aims to define an open-ended, flexible intervention
strategy. Wheatley (1999) describes this insight from a historical perspective:

Johann von Goethe applied his genius to the problem of seeing the wholeness of
nature. He was intrigued to understand any phenomenon not as an isolated event, but
as a consequence of its relationship to other phenomena. In traditional science, the
scientist invents the questions and then interrogates the object of study. But Goethe
describes how we can move from interrogation to receptivity, being open to what is
occurring, allowing ourselves to be influenced by a whole that we cannot see. We can
dwell with the phenomenon and feel how it makes itself known to us.

In practice, this implies a focus on parts of the system and their interaction in order
to study the dynamics of the whole system. The part is not the whole, but can lead to it.
Bawden (1995) comes to similar conclusions in relation to “holism” and “reductionism.” In
essence, the interplay of systemic thinking and process approaches allows the methodological
exploration of dynamic and complex systems. Exploration through action research requires
the ability to facilitate and to understand that there are many other parts, problems, and
issues that one does not know, but that play an important role. The drivers in systems
exploration in Zimbabwe were the desired impact (which provided direction), together with
farmers’ problem perceptions of the system, with its unfolding, dynamic complexity. This
approach required considerable flexibility in planning; activities had to be adapted after each
cycle of learning and exploration when new, higher priority problems revealed themselves.

Central to systems exploration were learning process approaches and participatory
action research (PAR) at the levels of both farmers and interventionists. Process approaches
enabled exploration of the systems and optimization of outsider intervention. At the farmer
level, they triggered a continual, iterative improvement of natural resource management.
Cyclical self-reflection and self-evaluation through PAR created ownership and increased
the local people’s capacity to innovate.
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In setting priorities for INRM interventions, “systemic intervention” was the main
principle. The decision about which system components to research was based on the smallest
possible intervention with the greatest possible effect. This is the main principle of systemic
intervention (Konigswieser and Exner 1998). If regularly monitored, it allows for dynamic
adaptation of the intervention strategy, informed by iterative learning and insights gained
through systems exploration.

Integration of diverse elements in INRM: not losing focus

Integration of a multitude of aspects is another fundamental conceptual issue in INRM.
Considering the complexity of INRM and livelihood systems, the main challenge is not to
get lost in hundreds of research questions at the expense of impact. Keeping it all together
with integration through the strategic focus on impact was central to the INRM research
process in Zimbabwe. Design and management of the intervention process were the main
drivers for integrating research. Based on the principle of systemic intervention, events and
problems were dealt with as they occurred within farmers’ reality, rather than being anticipated
and prescribed. As a result, the technological focus and research broadened. To maintain
focus and manage priority problems and issues, a strong strategic orientation at the outset
guided the choice of priority research topics and the integration of different components.
This “guiding star” was provided by the interventionists’ vision and by the farmers’ own
goals. Review of successes and failures then determined the continual adaptation of the
intervention design. Often, ongoing issues needed less attention, were outsourced through
networks to other actors, or had to be neglected due to limited capacities and resources
within the community. Strategic partnerships and networking were highly important.

In South Africa, the strategic orientation was complemented with sound conceptual
and operational frameworks. Guiding principles for process facilitation and management
were all developed and conceptualized from the Zimbabwean experience. These elements
were essential tools in building the competency of facilitators. In particular, the guiding star,
the value base, and guiding principles enabled facilitators to respond flexibly, as they were
reference points to fall back on in case of insecurity.

Integration of NRM also touched other dimensions. Integrating hard and soft issues
in research and extension was very important in effective support of farmers. In Zimbabwe,
two different types of research were carried out and integrated through the process:

1. Research on the process of INRM (mainly soft, interdisciplinary, participatory action
research, e.g., on local organizational development, communication interfaces, innovation,
and knowledge development, and on institutional change and competence development).
This action research, grounded in farmers’ reality, integrated local and scientific
knowledge. Farmer experimentation helped greatly to match internal and external ideas
and knowledge. Research on process was actively supported by:

2. Process-supporting research on technological and social issues and problems (mainly
more conventional hard research, e.g., on soils, land use, soil and water management
technologies, and state of degradation, and also socioeconomic studies).
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Both types of research were required to achieve impact at different levels. Hard
studies were often used to demonstrate the need for soft approaches such as building capacity
for adaptive management or for deepening the basis and outcomes of farmer experimentation
and assessment. The broader framework of soft action research allowed evaluation of hard
research outputs. Questions for hard research emerged from the action research process;
results were directly fed back to help stakeholders make informed decisions. Hard issues
automatically come in as soon as technical innovations become central. The interdisciplinary
research team and research managers play key roles in integration; they need to prioritize
which trait to follow and how to bring the loose ends back together.

Scaling up the process through facilitating service providers:
challenge of organizational change

Scaling up INRM is another fundamental conceptual challenge. In Zimbabwe this was
conducted through service provider agents and networking. It has been assumed that scaling
up would build the adaptive capacity of people and develop technologies and models for
INRM. This, in turn, would increase the adaptive capacity of the whole natural resource-use
system. This assumption was confirmed by successes in technology innovation and social
organization. Scaling up has developed along social and political dimensions in Zimbabwe,
from village to ward to district to province. The external facilitator was critical in triggering
these learning processes, starting from the community level. The agricultural extension service,
the main government institutional actor, seemed to be the most pragmatic solution for scaling
up through service provider organizations, which had been operational in all wards of the
country. In terms of logical institutional arrangements, a farmer-based organization would
have been more appropriate, but no effective group could be identified. Within the extension
service, a vertical scaling up from ward-level extension agent to district to province to national
levels seemed necessary. This strategy for scaling up in the extension service consists of four
main steps, overlapping or in parallel (see Hagmann et al. 1998):

1. Development and implementation of case studies (pilot activities) of communities where
participatory INRM approaches are practiced as learning cases for approach development
and as show cases (from 1991).

2. Raising awareness for change and familiarization with alternatives through exposure of
extension staff to the case studies (field visits and presentations in workshops, networking,
and initial training activities; 1993 to 1995).

3. Initiation of institutional learning about implementing participatory extension through
development of field-level capacities within extension (from 1994). This was to address
a shift in attitudes, concept, and skills.

4. Organizational development and change management to transform the organizational
culture, structure, and governance to match the new approaches.
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A clear strategy for scaling up from the start of implementing case studies has proven
to be the ultimate success factor in Zimbabwe and South Africa. It provided guidance for the
direction of the case study and the research, for interaction with different levels of institution,
and for approach development. The lesson through the drought in 1992, which suddenly shattered
rigid thinking about interventions, is that situations that appear static and unchangeable can
move unexpectedly. Steadiness and perseverance are useful in piloting innovative approaches.

The core element in scaling up through service providers was competency
development. Enhancing adaptive capacity at the resource manager level requires support
institutions with adaptive capacity to react flexibly to the needs and requirements of the
process. The same principles apply to both institutions and farmers (Cooke 1997, de Boef
2000; B. Cooke, unpublished manuscript). Competency development in learning processes
at the delivery level (field extension and research agents) has been demanding. People have
to engage themselves in process-oriented research. Cognitive understanding and external
analysis alone proved insufficient to build competence. The process must be experienced
and understood emotionally and is critically linked to emotional intelligence (Goleman 1998).
Without this experience, the learners were never able to understand what social learning
processes mean in practice, and how to facilitate them. Our experiences in competence
development demonstrated that training and coaching staff on the job over 1-2 years (several
learning workshops and follow-up coaching) effectively address knowledge, attitudes, and
skills (Moyo and Hagmann 2000).

At organizational and management levels among service providers (in our case,
extension organizations), genuine institutionalization of participatory approaches
engages them fully in their own process of change. Planning procedures, priority setting,
hierarchy, management styles, linearity, and discipline are some of the components
that must be adapted through management change focusing on learning organizations
(Senge 1990). Thus, scaling-up processes through support institutions are more than
dissemination of approaches (Lovell et al. 2002).

Scaling out: from farmer to farmer

An active scaling-out process was facilitated through farmer learning tours and exchange
visits across communities, wards, districts, provinces, and countries (e.g., Zimbabwe—South
Africa) and between farmers and other sources of innovations (e.g., research stations,
specific farmer innovators). These exchanges of knowledge and experiences have been
highly effective when integrated with a larger, community-based innovation process. The
choice of community representatives and the designing of their terms of reference by the
community (e.g., reporting back) were central to triggering large-scale INRM activities.
This decentralized, non-monopolist and non-hierarchical approach to rural knowledge
management was very effective. It was backed up by production of farmer reference
materials on technological options, which summarized farmers’ own experiences with
technologies. One major future thrust would be the development of farmer networks for
sharing information and experience. Rural resource centers, farmer libraries, and, in the
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long run, Internet use will play important roles. However, it is easier to replicate and adapt
technologies than emancipatory processes supporting the adaptive capacity. For such
processes, service providers are needed as facilitators, at least initially.

Modeling: building bridges to communicate lessons learned
Modeling, another fundamental component of INRM for the purposes of this research refers
to the conceptualization of intervention processes and the simplification of biophysical
processes through learning tools. Both types of model were tools to communicate and support
the action-learning process at different levels. Conceptual models were developed and
visualized to explain the major steps in INRM research and extension. Operational models
made the implementation of INRM more transparent to research and extension agents. Without
these models, it would have been extremely difficult to communicate the characteristics of
INRM intervention processes for competency development. Thus we were “using new images
and ideas as a means of creating shared understandings that will allow us to do new things in
new ways” (Morgan 1997).

At the farmer level, a simple range of models as learning tools was developed, e.g.,
a simple rainfall simulator with farmers analyzing the effects of different soil management
technologies on soil and water conservation (Hagmann and Chuma 2002). These models
were highly effective in making biophysical processes visible and letting farmers discover
for themselves and debate the implications and the systems interaction in their much more
complex real world (e.g., fields, watershed). The understanding of complex ecological
principles that farmers gained through this insight greatly motivated them to experiment and
thus increase their adaptive management capacity. However, the models need to be simple
and readily available at user level as a tool to support discovery and negotiation, rather than
to predict detailed conditions or behavior of complex systems in the future.

Impact assessment: monitoring and improving strategy
Impact assessment is a fundamental conceptual component of an INRM approach. The
internalized impact orientation (guiding star) steered the Zimbabwe case to develop an initially
implicit, later explicit, strategy on how to achieve broad impact. The strategy and approaches,
methods, and activities were adapted regularly in response to the outcomes, both intended
and unintended. Impact monitoring and assessment were internalized processes to learn,
reflect, and then readjust to improve the performance of all actors involved. The focus was
on learning; thus monitoring and self-evaluation were integral parts of the action research
loop at different levels. The guiding question in designing impact monitoring was: “who
wants to learn what and at what level?” For example, farmers may monitor their plans,
activities and experiments, and any social implications; researchers/facilitators monitor the
effectiveness of their interventions in enhancing these processes among farmers). For each
of the superimposed learning loops of different actors and learning objectives, a clear set of
performance criteria can be defined during the planning stage.

The impact monitoring and assessment consisted of three elements: process monitoring,
outcome monitoring, and documentation of the process and outcome. This was carried out in

56



Jiirgen Hagmann, Edward Chuma, Kuda Murwira, Mike Connolly and Paolo Ficarelli

the field mid-season and when farmers and researchers together evaluated activities and
technologies in the field through annual reviews, self-evaluation in communities, and in the
teams. This self-evaluation led to readjustments of the strategy and replanning of activities.

Process documentation (“writing the journal”) was central for self-learning; to
demonstrate the quality of process implementation and impacts and/or outcomes; and to
ensure that the rationale for adaptating the planning framework was transparent and understood
by headquarters and evaluators. Without sound process documentation and analysis, external
evaluators might have found it easy to criticize the “non-fulfillment of the logframe
commitments,” and eventually derail the direction of the program. The documentation also
built confidence within branches of the partner organizations toward increasing autonomy in
adapting the planning framework.

Lessons and insights from monitoring and evaluating the program in Zimbabwe and
South Africa can be summarized as:

1. The need for a genuine impact orientation at the start of the project cycle, a strategy for
impact being a first step. Often research projects that do not even have a clear impact
strategy are evaluated on the basis of an impact they never set out to achieve, which in
itself is not consistent. It often appears that far too much time and energy are invested in
impact assessment instead of developing and improving the strategy for making a real
difference.

2. The need for monitoring and adaptation of the “plausible impact strategy” and the process.
To reduce complexity of attribution of effects, Kuby (1999) constructs an “attribution
gap” in impact assessment in R&D. Because innovation is a social process with many
actors, it is practically impossible to assess effects of certain activities beyond a given
level; too many factors beyond the control of a program dilute the attribution. Therefore,
programs can be held responsible for their planned outputs and outcomes, but not for
broad impact. To bridge the “attribution gap,” Kuby pleads for a “plausibility bridge.”
In our experience, this plausibility bridge is the strategy developed in the interdisciplinary
sequence that we have described and the process designed to get there, both of which
need to be regularly monitored and readjusted to remain plausible.

This does not mean that R&D interventions would be released of their responsibility.
They would have a much greater responsibility for their local process outcomes, strategy,
and contribution to bringing other actors together. Intervention performance would be
measured through quality criteria related to process implementation and strategic orientation/
adaptation, in contrast to the present impact indicators. If the impact is difficult to attribute in
more open-ended processes, more focus needs to be placed on quality process inputs. Quality
criteria and standards for process implementation, as well as competency development, will
have to be developed.

A true learning system in interventions would aim to become self-referenced. In
other words, the capacity to learn, reflect, and readapt the strategy and action is the process
to be achieved. Once self-referenced, the system will be able to reflect self-critically concerning
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the meaning of its actions, and will be less likely to make serious mistakes. External evaluation
is still required and useful, but learning systems perpetuate their own performance
improvement. These are the basic characteristics of adaptive management.

Performance indicators of such systems with high adaptive capacity need to broaden
beyond technology to other dimensions such as enthusiasm, empathy, confidence, self-esteem,
understanding, creativity, values, and the social energy (Soedjatmoko 1986) displayed by
farmers when articulating and demonstrating the solutions they found to their problems. In
Zimbabwe, these were indicators for an increased adaptive management capacity that were
recognized and accepted easily by evaluators during visits because they reflect human- and
value-based criteria. However, it was difficult to make them objectively verifiable and
quantifiable, which might not be the appropriate approach to assess constructivist learning
processes. Ultimately it is the management aspect in INRM (human dimension) that makes
the wheels turn. INRM science needs to take this more into account.

There are still many open questions in this framework of assessing performance and
quality of research. Core criteria would be quality of strategy, process implementation, and
the research process, rather than the impact (e.g., attitude to scaling up, a plausible strategy,
an impact orientation, guiding principles, effectiveness of coordination and the convening
role, clarity of the value system). All these performance criteria are derived from the process
and learning paradigm in INRM and replace the conventional understanding of “impact.” In
brief, INRM might imply a shift in emphasis from impact assessment to performance, quality,
and strategy monitoring and assessment.

Synthesis: a conceptual framework for INRM

The lessons and success factors described in this paper, together with other factors that
were not treated in detail (e.g., policy negotiation, knowledge/innovation management),
form a foundation for an emerging framework for designing INRM interventions. The
framework, in the form of a “wheel” (Fig. 4), combines and links the critical conceptual
and methodological success factors in a systemic way. This implies that none of the elements
can be dealt with in isolation, but different elements might be relevant in different stages
of the process. The implementation process design and management will define which
element will be required, when, and how in developing the adaptive capacity of the main
actors. One example of the design is Fig. 1, but different sequences might be developed for
different contexts. This flexible framework is based on the understanding of innovation as
a social process, applying the constructivist perspective as discussed. It operates on the
principles of systems thinking in rural livelihoods and through participatory learning
approaches.

The core value of INRM interventions is local ownership where participation is
understood as emancipation of rural resource users. Intervention aims to be inclusive,
accountable, transparent, and to enhance openness from all actors to social learning and
collective action.

58



Jiirgen Hagmann, Edward Chuma, Kuda Murwira, Mike Connolly and Paolo Ficarelli

Figure 4. The main elements/success factors in INRM R&D interventions.
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CONCLUSIONS: FUTURE CHALLENGES

The INRM focus on enhancing the adaptive capacity of the resource user system changes the
role not only of research, but also of the whole innovation system, including extension, rural
knowledge management, and service delivery. Conventional divisions of linear institutional
mandates do not appear effective to address complex and diverse needs of INRM and other
spheres of development. Within this broader framework, the roles of international vs. national
research in INRM, research in general vs. extension and other development agencies, and
other key players (e.g., private sector, farmer organizations) need to be revisited to build an
effective, synergistic institutional arrangement for innovation and service delivery. If individual
actors are linked in a broader network where interfaces between actors are well defined, their
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individual effectiveness can improve substantially. Our South African experience showed
that platforms of service providers and stakeholders on which a joint vision, roles, relationships,
and approaches are worked out, can contribute greatly to the development of functional
innovation systems. R&D programs can work toward this in a persistent way and can achieve
results step by step. Researchers can take a convening role, accompanying the process by
action research to develop workable modalities and methodologies.

A core issue in INRM is the facilitation role, which is demanding and requires a
high level of competency. It is unrealistic to think that every researcher can become a good
facilitator. The individual who plays this role will need to be negotiated and agreed upon.
Development agents who facilitate action learning processes at local levels and researchers
who carry out studies on these processes must be fully engaged. Such situations leave the
development agents as “guinea pigs” in an insecure position. Unless researchers engage
themselves emotionally in participatory action research, they limit their ability to understand
the dimension, and thus their ability to contribute effectively.

The implications for the structure and governance of international and national
research organizations are also challenging. Moving from discipline-based “silos” to
interdisciplinary teams, with sound competencies for process-oriented action and systems
research is one challenge. Another task is to match flexible client needs with centralist, top-
down planning procedures and their hierarchical and control-oriented management styles
and organizational cultures. Without substantial organizational development over several
years, involving structural and cultural/behavioral approaches and the development of strategic
leadership (van Maurik 1999), these changes are not likely to come about fast enough.
Ultimately, this might become a question of survival for many R&D organizations.

None of these challenges threatens preconditions for the operation of INRM R&D.
Both INRM and the new institutional arrangements for innovation and service systems are
conceptually and in practice still evolving through early stages. Considerable experiential
learning is required to develop workable arrangements and approaches. If many R&D
organizations would actively engage in this process, even through small steps, joint learning
could promote rapid change. Better indicators, performance criteria, and standards for
“adaptive capacity” and “process implementation” will help to move the approach forward
for implementers and planners. Ultimately, the focus on competency in process approaches
will make INRM interventions successful.
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The Adaptive Decision-making
Process as a Tool for Integrated
Natural Resource Management:

Focus, Attitudes, and Approach

Padma Lal’, Hazel Lim-Applegate’and Michelle Scoccimarro’

ABSTRACT

Integrated natural resource management (INRM) and its many closely related approaches
are generally considered to be more effective than single-disciplinary approaches for
managing the complex resource issues currently facing many countries. INRM
approaches aim to integrate several disciplines and involve different stakeholders
operating in their own subsystems across different spatial and temporal scales. These
approaches focus on identifying management strategies for sustaining natural resource
stocks and flows of goods and services as well as their underlying ecological processes.
Changes in the behavior of consumers and producers and in the allocation of resources
among uses, users, time, and space will be necessary to achieve sustainable development.
To accomplish this, changes in focus, attitudes, and approaches to research and
management will also be necessary. This paper argues that the key focus of INRM
should not be the natural resource itself, but rather the interactions of humans with each
other and with their natural environment, and the decisions they make about using and
managing resources. Such decision-making processes aim to identify and implement
action-oriented strategies and to apply economic and noneconomic instruments that
motivate behavioral changes, allowing for different responses to various economic
imperatives. This process should be guided by constructivist philosophy and supported
by rigorous cross-disciplinary research and active stakeholder participation. It must be
compatible with dialectic decision making to reflect the different views and objectives
of the stakeholders, the presence of incomplete information, and, at times, the fact that
researchers have only a poor understanding of the dynamics of subsystems and their
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interactions. There must also be iterative, regular monitoring and fine-tuning of the
management strategies chosen. We prefer to call the entire process an adaptive decision-
making process (ADMP). Here we propose a four-phase ADMP illustrated by projects in
Fiji and Thailand, both of which are supported by the Australian Centre for International
Agricultural Research. The role of research, researchers, and other stakeholders in the
ADMP is also discussed.

KEY WORDS: adaptive decision-making process, bioeconomic models, commaodity research, decision
support system, integrated natural resource management.

INTRODUCTION

Traditional resource management policies and strategies are commonly based on reductionist
approaches within the paradigm of a single discipline. Management strategies of this type
are largely “ ... reactive, disjointed, and for narrow or limited purposes ... ” with “ ...
ineffectual or unsatisfactory, often undesired, management outcomes ... ” (Born and Sonzogni
1995:168). These methods are generally ineffective in explaining real life with its complex
interactions and uncertainties. Researchers practicing such strategies tend to regard current
global resource and environmental issues as “wicked problems” that are impossible to
formulate in a definitive manner (Rittel and Webber 1973, Margerum and Born 1995,
Bellamy and Johnson 2000).

There is an increasing consensus about the need to find an approach to resource
management that encourages environmentally friendly economic development by treating
economic growth and environmental management protection as a continuum that crosses the
boundaries of various scientific disciplines (Costanza and Jorgensen 2002, Belsky 2002).
The need to develop a process for formulating and implementing a course of action that
explicitly takes into account social, political, economic, and institutional factors is also
acknowledged. Such a process must be inclusive and fully address the scale and scope of
environmental and human issues and their consequences (Dixon and Easter 1986, Cairns
1991, Born and Margerum 1993, Born and Sonzogni 1995, Lovell et al. 2002, Giindel et al.
2002, Hagmann et al. 2002).

Such realizations have led to a gradual but fundamental shift in the resource use and
management paradigm. Integrated approaches to resource management have been advocated
in many fields, such as river basin management, regional planning and ecosystem management
(reviewed by Born and Sonzogni 1995), coastal zone management (Cicin-Sain 1993), wetlands
management, and oceans management (Costanza et al. 1999). This emerging management
concept has been known by at least 36 alternative terms (Downs and Gregory 1991), including
“integrated catchment management,” “integrated environmental management,” “ecosystem
management,” and “systems analysis.” In this paper, we use the term “integrated natural
resource management” (INRM).

29 <
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Although INRM has been heralded as e approach to addressing resource use and
management, adopted by agencies and communities in developed countries, and advocated
by many international development donor agencies, it does not yet have a systematic
methodology. As part of the conceptual development of and based on their experience with
INRM, theoreticians and practitioners alike have outlined elements and principles that are
integral to the process. It is generally accepted that any systems approach adopted should:

+ integrate multiple disciplines,
* span spatial and temporal scales, and
* involve multiple stakeholders in planning and implementation.

However, the application of INRM still poses significant problems even when all
of the key elements are in place (Gunderson et al. 1995, Gunderson and Holling 2002,
Bellamy and Johnson 2000). These problems are related mainly to the predispositions of
stakeholders, researchers, and technical experts as well as managers, farmers, and other
end users (Resource Assessment Commission 1993, Lynam et al. 2002).

Because of these problems, many researchers are attempting to further their
understanding of INRM, with peer-reviewed publications as a measure of their success.
They identify important research problems viewed from within the paradigms that they
themselves use to structure research (Kuhn 1970), and based on a positivist philosophy (see
Guba 1990). The researcher/inquirer adopts a noninteractive position, and analysis is regarded
as value-free. Methodologically, the researcher states a hypothesis and sets out to test (falsify)
it empirically. However, achieving practical outcomes is rarely the goal of researchers, which
creates a problem when research results are linearly transferred to end users. Managers who
have narrow, legislatively mandated terms of reference, duplicate each other’s roles, and act
inconsistently represent a different set of problems (Resource Assessment Commission 1993).
End users are also reluctant to alter their behavior without incentives compelling enough to
bring about changes in their fundamental decision making.

To address these problems effectively, all the stakeholders, including users, researchers,
and managers whose decisions and/or activities influence actual outcomes, would have to
make significant changes in their behavior, and probably in their attitudes as well. Furthermore,
changes are required in the scale of analysis and action, which could be at the level of the plot,
the farm, the community, the region, or even the nation—whatever works. These modifications
can be developed by farmers (farmer experimentation), scientists, and/or the private sector
(Hagmann et al. 2002, Lovell et al. 2002). All the stakeholders, including researchers, must be
involved in developing strategies for change. These strategies will also require changes in the
way research is identified, developed, and conducted as well as in the behavior of managers.
The types of strategies that lead to alterations in end-user behavior would also need to be
reviewed, so that individuals are given incentives, rather than directed, to change.

In this paper we argue that, to adequately reflect these concerns, INRM should be
seen as an iterative and adaptive decision-making process guided by constructivist philosophy.
Decision makers should be encouraged to make dialectic choices from among management
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strategies that focus on changing people’s behavior to achieve specific outcomes, rather than
relying on the specific inputs required for traditional resource management.
The objectives of this paper are:

* to provide a practical adaptive decision-making process (ADMP) and

+ to illustrate its application using two case studies in which the ADMP framework was
used to identify research issues and to implement participatory research in support of
stakeholder-based decision making.

THE ADAPTIVE DECISION-MAKING PROCESS (ADMP)

The adaptive decision-making process (ADMP) is a problem-focused, action-oriented
participatory process aimed at producing use and management strategies that stakeholders agree
with and feel like they “own.” This process recognizes multiple stakeholders who have different
values and knowledge systems and use multiple paradigms (Lynam et al. 2002, Oglethorpe
2002). It acknowledges the need for a dialectic decision-making process supported by rigorous
single- and multidisciplinary research. Consequently, there are three themes inherent in the
ADMP: (1) participatory action research, (2) the use of a user-friendly decision support system
(DSS), and (3) dialectic, stakeholder-based decision making underpinned by analytical rigor.

Constructivist philosophy

In constructivist philosophy, “ ... realities exist in the form of multiple constructions, socially
and experimentally based, local and specific, dependent for their form and content on the
persons who hold them ... ” (Guba 1990:27). Thus, any inquiry is value-bound, and these
values influence a researcher’s choice of problem and interpretation (Tacconi 2000). The
recognition of different realities suggests that no one understanding is complete, and that no
one solution can be optimal. This is particularly true when there is a great degree of uncertainty,
and when decisions need to be made despite inadequate information. To achieve this,
stakeholders need to embrace a collaborative dialectic process of interaction, investigation,
and testing. The real challenge is to use this approach for effective resource management.

Participatory action research

Participatory action research requires the active involvement of all the stakeholders in the
entire research—extension—development process and the acknowledgment of their multiple
realities (Okali et al. 1994, Cornwall and Jewkes 1995). Stakeholders learn through their
experiences and modify their actions accordingly (Chamala and Keith 1994, Hagmann et al.
2002). Key characteristics of the action-oriented research process include:

» problem-focused research that responds to local priorities;

* a methodology with an interdisciplinary focus that includes every stakeholder’s
knowledge system;
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+ the use of more than one methodology;

+ triangulated data collected by researchers and stakeholders;

+ analyses carried out by researchers from different disciplines using their own theoretical
constructs, paradigms, and disciplinary tools;

» results and information that are interpreted through a dialectic process;

+ actions that are integral to the process; and

+ final results that are shared and owned by all the stakeholders.

Decision support system (DSS)

A decision support system (DSS) is an integrative analytical tool that describes key processes
and spatial and temporal connections within and between human and biophysical subsystems
from a systems perspective. It uses a multidisciplinary approach to provide a definitive
representation of a system, using mathematical algorithms where relevant. Multiple
management objectives are recognized and built into the evaluation framework (Kersten et
al. 2000, Lynam et al. 2002). A DSS comprises data sets, key analytical models, and a user
interface, and is central to the dialectic decision-making process.

Dialectic decision-making process

Dialectic decision making assumes that there are many different interpretations based on
different scientific paradigms, experiences, and value systems that cannot easily be
reconciled. No one interpretation may be complete, and, as a result, many realities are
possible. This process thus “ ... elicits and refines hermeneutically ... with the aim of
generating one (or few) constructions on which there is substantial consensus ... ” (Guba
1990:27). Decisions are based on the knowledge systems of all the stakeholders and on
sound judgments supported by rigorous analysis. These decisions are achieved through
interactions between stakeholders. This type of decision-making process is aided by the
use of a DSS.

Operationally, the ADMP comprises four phases: (1) subsystem identification, (2)
reflection, (3) action, and (4) adaptive learning (Fig. 1). Although a four-phase ADMP is
recommended, the boundary between one phase and the next is flexible, and more than one
phase may be undertaken at the same time.

The phases of the ADMP

Phase one: Subsystem identification. The following three assessments are carried out in this
phase:

+ astakeholder assessment, which identifies key resource owners, users, and managers at
all levels of government, existing patterns of decision making, and the contexts in which
stakeholders interact;

* an institutional assessment of the rules and regulations that govern activities within the
ecosystem and of other institutions that may indirectly affect the system. This stage also
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Figure 1. The adaptive decision-making process (ADMP).
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identifies traditional institutions that may be relevant, as well as the management
instruments used by the different agencies involved, including indigenous communities; and

» aresource assessment that uses traditional science and indigenous knowledge to provide
a preliminary inventory of relevant biophysical and ecological flora and fauna. It also
considers the dynamics of the natural processes that contributed to the current status of
the environment as well as the functional processes and interactions between key
components of the natural system.

Phase two: Reflection. The aim of this phase is to identify priority problems and establish a
common vision, select the overall management approach and assessment frameworks to be
adopted, and determine the research needs and disciplinary focus by means of participatory
action research and dialectic decision-making processes. Researchers play an active role in
this process by working with other stakeholders and using their technical and analytical
skills to help them understand the effects of human activities on natural dynamics within the
legal and institutional contexts of observed reality. The agreements reached during this phase
and the data gathered and analyzed are included in the design of the DSS, which is built as
part of the action phase.

As mentioned above, the initial goals of this phase are to identify problems and
establish a common vision. A clear understanding of the underlying management issues and
general agreement on the desired outcome are critical to any decision-making process that
attempts to choose a path for development and management. The stakeholders, with their
different perspectives, will together define the problem statement, arrive at a common vision
about the desired outcome, and identify the appropriate management approaches and the set
of management criteria that will be used to choose from among alternative policy options
and/or management strategies. Information generated by individual disciplines and across
disciplines, as well as indigenous knowledge, should be integrated into the process to develop
detailed descriptive and causative inferences about the:

» nature and scope of the specific problems, issues, or concerns;

+ existing value systems and patterns of interaction between owners/custodians, users,
and managers;

* interactions between existing natural, economic, and social systems and possible cause-
and-effect relationships and linkages between human activities and ecological functions
and processes; and

» spatial and vertical boundaries of relevant interactions, based on ecological and/or
economic considerations.

If complete information is available on the effects of human activities on ecological
processes and economic values, and if the integrity of the underlying ecological processes is
not threatened, then market mechanisms can be used to encourage an optimal allocation
between competing uses during this phase. This assumes that market values reflect all the
costs and benefits of the system, and that all the necessary information is freely available.
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However, this is often not the case. Resources may exist for which property rights cannot be
assigned, which leads to “missing markets.” In these situations, market-based mechanisms
cannot reliably encourage efficient or ecologically sound outcomes. Under such circumstances,
it is useful to develop an evaluative framework to help the stakeholders agree on some way
to objectively assess the impact of their activities on the ecological system.

The management approaches and evaluation frameworks chosen help to determine
the research needs. The problem or issue itself will dictate the types of single- or
interdisciplinary analyses and skills required. Depending on the research subobjectives
(exploration, description, understanding, explanation, prediction, evaluation, and/or
assessment), then inductive, deductive, retroductive, and/or abductive strategies may be used
(see Blaikie 2000:100—127 for details). The research team should be drawn from appropriate
disciplines and should normally include at least a biophysical scientist, a social anthropologist
or community specialist, and an economist with experience in natural resources, agriculture,
or environmental issues.

Phase three: Action. In this phase, the stakeholders agree on the management strategies they
will use to resolve the resource problem based on their knowledge of what motivates and
influences the actions of individual decision makers. Management instruments may include
legislation, agreements, market-based strategies, institutional changes, and/or education
(Panayotou 1998, Dover 1999). These instruments may meet a specific target and/or self-
regulate. The strategies identified by the ADMP should always incorporate incentive
mechanisms for change. This allows the stakeholders to adopt strategies for which the benefits
outweigh the costs and the risks remain within agreed-upon safe, minimum environmental
and social constraints. To guide the stakeholders, a DSS is built, and the researchers use it to
help develop scenario analyses.
A DSS generally consists of:

+ aset of biophysical, social, and economic data;

» a set of integrated analytical, simulation, and/or optimization models derived from
individual disciplines;

+ anoutput module for the spatial and/or nonspatial depiction of expected future outcomes;
and

» auser-friendly interface that enables relevant stakeholders to perform “what if” scenario
analyses.

The DSS serves three purposes: (1) stakeholders gain a better understanding of the
problem in a way that attempts to detach them from their previous inclinations; (2) decision
makers may objectively compare the effects of different value systems, different world views,
and a range of possibilities based on sound analysis; and (3) the DSS may increase the
chance of finding a shared vision or acceptable solution (Kersten et al. 2000, Lynam et al.
2002). Different scenario analyses represent different management strategies, policy options,
and/or institutional settings aimed at changing decision-maker behavior to meet the desired
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goal. Each scenario can be considered a unique depiction of a future strategy and may be
analyzed using the DSS. This type of scenario analysis can also contribute to conflict
resolution.

In any multidisciplinary environment, a conflict of interests, values, and approaches
is inevitable. This can occur despite good intentions and agreement about desired outcomes,
the management approach, and the evaluation framework. Conflicts and disagreements are
often unavoidable and must be resolved. Differences may arise because:

» many different activities may be contributing to the observed problem,

* asingle activity can have many different impacts,

» there are connections within and between land-based and aquatic components of the
ecosystem,

* activities may have indirect and synergistic or cumulative effects, and

+ relationships may be nonlinear (Antunes and Santos 1999, Lovell et al. 2002).

In the face of uncertainty, incomplete understanding, and different value systems,
stakeholders should pool their knowledge and be flexible and willing to arrive at a consensus,
or at least recognize these differences, which can then be analyzed using dialectic processes
to reach some form of agreement. Many different models of conflict resolution are available.
However, bargaining and dialogue are superior to authoritarian decision making for complex
problems involving uncertainty and competing interests. Buckles and Rusnak (1999) also
argue that conciliation, negotiation, and mediation are more likely to produce a “win-win”
solution. A DSS may help in the resolution of conflicts, particularly those involving values,
management approaches, and strategies.

Phase four: Adaptive learning. It is important to treat the process of examining prospective
management strategies as a series of management policy experiments. This emphasizes
the element of surprise in the search for sustainable development (Janssen and Goldsworthy
1996, Holling et al. 1998, Lee 1999, Hagmann and Chuma 2002). The management
strategies selected in the action phase are now implemented and monitored in an iterative
manner (Fig. 1). The results of these experiments indicate the extent to which these problems
are manageable, and which strategies are useful. Regardless of how the results are interpreted,
this phase becomes one of adaptive (or experimental) learning.

This learning process is central to the ADMP. May (1992) describes three types of
learning:

+ instrumental policy learning about the viability of specific instruments or programs;

» social policy learning about social constructions of policy problems, the scope of policy,
or policy goals; and

» political learning, during which stakeholders become more knowledgeable about policy
process and negotiating skills.
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Users of the resource are also key learners. They learn by observing the results of
their actions and analyzing cause-and-effect relationships based on their newly acquired
knowledge; their findings are then fed back into the decision-making process.

APPLICATION OF THE ADMP: ACIAR CASE STUDIES

Two projects are presented to illustrate the lessons learned by applying the ADMP. The first
assesses the effects of reforms in the international sugar market and defines appropriate responses
for the Fiji sugar industry. The second concerns a framework for integrated water resources
assessment and management in the upper Chao Phraya in Thailand. These two projects were
chosen to emphasize that the ADMP is relevant whether the underlying research is commodity-
based or concerns natural resource management per se. These projects also demonstrate that the
ADMP can be applied when stakeholders need to make decisions about either sociocultural or
institutional constraints, as in the Fijian case, or biophysical or ecological limitations, as in the
Thai case. These two case studies make it clear that this artificial distinction is part of the
problem that needs to be considered in INRM research and development.

Although in neither of these projects have all the phases of the ADMP been completed,
the Fiji sugar project illustrates how the process was implemented in its early stages, whereas
the later phases of the ADMP are best illustrated using the Thai context. The action learning
phase has not been completed in either of these case studies.

The Fiji sugar project

Phases one and two of the ADMP were carried out simultaneously. Preliminary discussion
and literature reviews revealed many stakeholder groups in the sugar industry who had a
direct interest in and/or whose decisions were likely to influence industry outcomes.
Internationally, the World Trade Organization and developments in the European Union
Common Agricultural Policy have a direct impact on the Fiji sugar industry. The Sugar
Protocol of the European Union has guaranteed Fiji specific levels of exports and prices that
are often two to three times the world price. This, together with a productivity decline over
the last decade, provided the overall institutional context for research and the scenario analysis.

Domestically, the stakeholders include owners of native lands, which account for
more than 70% of all Fijian land under sugarcane; sugarcane growers, predominantly of
Indo-Fijian origin, who grow sugarcane on leased land regulated by legislation; a milling
company monopoly that owns all four mills; and the sugarcane harvesting groups (Table 1).
In addition, the Ministry of Planning, the Ministry of Agriculture, Forestry and Fisheries
(MAFF), and, more recently, the Ministry of Sugar are involved in the industry.

To initiate a participatory process, it was crucial to obtain the endorsement of the
most influential government official, the Permanent Secretary of the Ministry of Planning,
who was also the Secretary of the Sugar Commission of Fiji. Discussions later included
MAFF, the Fiji Sugar Cane Growers Council (which represents all those involved in sugarcane
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Table 1. Institutional arrangements affecting the Fiji sugar industry.

® Agricultural Landlord and Tenant’s Act ® a maximum 30-year, non-renewal tenure arrangement

on native land, the majority of which will expire
between 1997 and 2005

® Crown Lands Act ® crown land leases
® Sugar Industry Master Award * formalizes the relationship between growers,
sugarcane cutters, transporters and millers
* stipulates distribution of sugar proceeds between
growers and millers
* stipulates payment rates for transportation,
sugarcane harvesting, etc
® Sugar Industry Tribunal Act ® covers industry disputes, including sugarcane harvesting
arrangements and transportation arrangements

production), and the Fiji Sugar Corporation (the sole sugar miller). After the project
implementation meeting, efforts were made to keep the Native Land Trust Board (the
custodians of indigenous land) informed, with the hope of involving it more actively at a
later date. One year after the project began, the Land Trust’s full cooperation had still not
been secured, and this may take some time because of recent political events. The Native
Land Trust Board finally agreed to share some of its data late in 2001, well over 5 years since
the project idea was first mooted!

Discussion with the stakeholders identified the management issues that required
analysis. Given the huge challenges facing the industry, it was not difficult to arrive at a
broad consensus on priority issues. There was general agreement that impending trade
negotiations with the European Union were the major concern and that land tenure was the
most critical domestic issue. More than 95% of all land leases are due to expire by 2005. If
these leases are not renewed, as has been threatened, and the land reverts to the indigenous
landowners, the sugar industry will be further jeopardized due to the lower productivity of
farms that are managed by indigenous Fijians.

There were, however, different opinions about how to address these issues. Before the
ADMP concept was introduced, the Sugar Corporation had concentrated on improving the
efficiency of transportation and milling. In contrast, research at the Fiji Sugarcane Research
Centre was focused on farm-based fertilizer and pesticide trials, farm management trials, and
breeding varieties to suit different soil conditions. Researchers from MAFF were interested in
assessing sugarcane land-use capabilities, whereas the Lands Department was developing land
information systems based on geographical information systems (GIS). These different
stakeholder groups did not interact, and thus did not achieve the synergistic benefit of an
integrated approach.

Following discussions that lasted almost 12 months, the key stakeholders endorsed
the use of the ADMP approach. They acknowledged the value of integrated research, using
a nested scale of analysis (Fig. 2) to address the problems facing the sugarcane industry.
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Figure 2. Nested scales of analysis.
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Staff from the Fiji Sugarcane Research Centre agreed that there was a need for integrated
bioeconomic research. MAFF acknowledged the merits of combining their work with that of
the Lands Department, and agreed to join the research team, thus bringing together a land-use
specialist, a crop scientist, an agricultural and resource economist, and a trade economist.
The Sugar Corporation, on the other hand, became involved only after the merits of the
project were no longer in dispute; the corporation also needed to be reassured that the project
leader was apolitical at a time when the country was divided along ethnic and political lines.

Not all issues were resolved easily; some required extensive dialogues over long
periods of time, and others are still unresolved. For example, because the Lands Department
and MAFF operate on different scales, it has still not been possible to reconcile their outputs.
Issues related to the scale of analysis and the appropriate degree of accuracy must still be
addressed, as must some issues between the bioeconomist and the land-use specialist;
discussions of these subjects are continuing. It may be possible to resolve these problems
once the users of the research clearly indicate the scale at which they want the analysis and
results to be expressed.

Only when the recently appointed Chief Executive Officer of the Cane Growers
Council fully endorsed the ADMP project did researchers gain access to Council data and
information. The new CEO is working closely with the research team and has asked to see
the results of key analyses of the expected effects of expiring land leases on landowners,
sugarcane growers, and the sugar industry as a whole. The Minister for the Sugar Industry
has also sought similar information.

The results of the analysis of land tenure options have been made available to the
bipartisan Agricultural Landlord and Tenant Act Task Force, the key forum for the land
tenure issue. The research team is continuing its discussions with the Sugar Commission, the
Growers Council, and the Minister for the Sugar Industry, and there have been requests from
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these bodies for additional scenario analyses of alternatives for land tenure reform. However,
negotiations over the renewal of leases have stalled because of recent political events in Fiji.
Stakeholders will be able to undertake scenario analyses using the DSS with minimal
input from technical staff. The key components of the DSS design are currently being
developed. To guide this development, potential users, including key government agencies,
the Growers Council, members of the Sugar Commission, and the Fiji Sugarcane Research
Centre have been asked to identify the issues they would like to address in the near future.

The Thai project

At first, the Thai project did not fully embrace the ADMP process. The project began as a
catchment management project, with a greater focus on the scientific challenges to individual
disciplines. It was not until late in the first phase and early in the second that it became
outcome-oriented and incorporated decision makers into the process. Researchers from
different disciplines were almost halfway into the project when they finally started to see the
linkages and appreciate the synergy that would result from bridging the disciplinary divide.
This project has completed three of the four phases of the ADMP.

Phases one and two were undertaken concurrently because of difficulties related to
the diversity of stakeholders in Thailand. After a preliminary literature review and stakeholder
discussions, it became apparent that the key issues involved land and water resource allocation,
together with the effects of government policies and management strategies. Three government
agencies are actively involved in management within the catchment area. The Department of
Land Development is responsible for developing catchment management plans, the Royal
Forestry Department implements forest conservation strategies, and the Royal Project
Foundation has an active role in agricultural extension. These agencies are represented at
national, provincial, and local levels. A number of environmental nongovernment
organizations, activist academics from Thailand, farmers, and farmer organizations are also
involved in resource management.

However, not all stakeholders were interested in the ADMP project because of their
experiences with earlier academic projects, which did not produce useful results. For this
reason, the Department of Land Development was deliberately chosen as the key government
stakeholder, because it expressed the most interest. The challenges were then to implement
the ADMP and design a DSS-based process that could meet the needs of the Land Department
without limiting the future involvement of other stakeholders. The project team then had
discussions with the rural householders who live in the catchment area and are the primary
stakeholders. As the project progressed, other stakeholders joined when they saw that the
DSS developed as part of the project could be useful in their own efforts to devise suitable
management strategies.

Although households are the main decision makers in the catchment when it comes
to issues related to the allocation of inputs such as family and hired labor, capital, and land
(Walker and Scoccimarro 1999), water is managed communally, as in other regions of northern
Thailand. Weir management committees allocate water and organize labor for the maintenance
and repair of the weir infrastructure (Tanabe 1994).
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It was evident after a number of stakeholder meetings that their priority concerns
were not the same as those previously identified by the government. Downstream agricultural
communities were worried about the effects of changes in land cover on the availability of
water, in particular, about the possibility of flooding and drought caused by upstream forest
clearing for agriculture. The Land Department was interested in identifying land uses that
suit underlying biophysical conditions and meet socioeconomic criteria. Individual agricultural
households were concerned about their livelihoods. The demand for water for dry-season
cropping has increased, and there were proposals for new water storage facilities.

Research needs evolved as the project progressed. Consequently, although the project
began with a core research team comprising a hydrologist, an economist, and a social
anthropologist, it expanded over time to include a crop modeling expert, a land-use specialist,
a soil erosion expert, and a DSS specialist.

The large number of stakeholders had many different views and objectives.
Appreciating their roles in the catchment area and understanding the ways in which other
factors affected household decision making were crucial issues for the project team, whose
objective was to recognize and incorporate these varied views. For example, farmers were
interested in their own financial performance and were not necessarily concerned about
downstream implications. National policy makers tended to view the catchment area as a
whole; some of them focused on overall land and water use, whereas others were more
interested in the distribution of water use by household within the catchment area.

In the third phase, the key objectives were to identify a typology of management
strategies, determine the assessment criteria that were important to the different stakeholder
groups, develop a DSS, and analyze possible management scenarios.

Much of this phase was implemented by the researchers, who had regular interactions
with other stakeholders to validate assumptions, check information, and seek input about
management objectives, strategies, and assessment criteria. They also tried to determine how
to present the results in the form that would be the most useful to the stakeholders. The researchers
used standard discipline-based methodology to collect and analyze data, develop analytical
models for scenario analysis, and construct the DSS. A brief overview of the different components
is provided to demonstrate and emphasize how the DSS, which is the core of the ADMP, was
built using the most rigorous single- and interdisciplinary methodologies, models, and tools.

In the upper Chao Phraya catchment area, a number of management approaches
have been used, including command and control regulation of particular activities, market
intervention to promote alternative crops or subsidize input use, interventions in capital
markets, and public investment in irrigation infrastructure. These policies, implemented by a
variety of agencies with specific objectives, have had both intended and unintended
consequences for the socioeconomic and biophysical systems.

As part of the process of determining the various objectives of natural resource
management in the catchment area, stakeholders have identified assessment criteria that
reflect their own interests and goals. These criteria include household performance, variations
in household performance among different farming systems, the distribution of resource use
among communities within the catchment area, and land cover and its associated effects on
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the hydrological regime. Having a range of indicators that reflect biophysical and
socioeconomic processes in the catchment area makes users confront the consequences of
policy intervention for both human and natural systems.

The Thai DSS recognized the nested operational scales of stakeholders and made it
possible to feed production decisions from the local level to the wider regional and national
scales (Fig. 2). In turn, the human and natural resource systems of these wider scales affect
the local level, commonly through changes in commaodity prices or environmental conditions.
Given the links between these scales, different analytical tools are used to accommodate the
precision required at each scale; these tools range from crop simulation models and household
bioeconomic models to catchment-level, physico-bioeconomic models that link hydrological
and household-based bioeconomic models. It is important to note that this integration of
disciplines and interests is immensely complex. To address this, the DSS integrated various
components heuristically in such a way that those components and interrelationships deemed
most likely to underlie the cause of a problem could be explored first.

Biophysical and socioeconomic data sets collected from different sources, including
indigenous knowledge, formed part of the data module in the DSS and were used for three
purposes: (1) as data for the modeling tools, (2) to provide information to users, and (3) to
produce model outputs in spatial and nonspatial forms. Spatial data layers in the DSS included
soil maps, catchment and administrative boundaries, digital elevation models, and land cover
and zoning maps. These data layers were overlaid in various scenario analyses.

The design of the DSS was not easy, because methods for integrating data (particularly
spatial data) and modeling tools are in their infancy. Although off-the-shelf software exists
for spatial data manipulation and modeling, few packages incorporate both. As a result,
software had to be designed especially for the DSS application.

To fully take into account the impact of policy reforms or institutional restructuring,
it was crucial to understand the interactions between stakeholder groups within their altered
operational settings. The socioeconomic and environmental effects of change will ultimately
depend on decisions that stakeholders make in the field. To assess these effects, the DSS
attempted to capture stakeholders’ decision-making behavior within the context of the
constraints imposed by natural processes and the existing legal and cultural arrangements.

The DSS is thus composed mainly of a biophysical and socioeconomic model
(referred to as “the model” in the following discussion) that can explain cause-and-effect
relationships and predict the effects of interactions within the system. It also includes a GIS
system that is capable of spatially depicting the summary characteristics of linked databases
and the simulation and optimization results of the models. The model represents stakeholder
groups as discrete modules, each with characteristic decision-making behaviors and patterns
(Fig. 3). These modules are interrelated to the extent that their production and consumption
decisions affect each other, with the combined impact of decisions made (or not made)
determining the likelihood of achieving their envisioned future.

The core of this DSS is the farm household as the main decision-making unit or
resource management unit (RMU). Households were classified into groups based on their
ownership of high-quality paddy land and access to irrigation, the two most important factors
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Figure 3. Sample structure of the biophysical and socioeconomic model.
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that determine household decisions. This classification resulted in 5-10 RMU types per region
of agricultural activity (Walker and Scoccimarro 1999). Embedded in the farm household
model is a crop model for analyzing the bioeconomic viability of various farming practices.
This allows decision makers to assess the environmental feasibility of adopting best-practice
farming methods and planting high-yield crop varieties as farmers respond to challenges in
their operational settings brought about by policy and institutional changes or anticipated
climatic conditions.

Although farmers are the main managers of land and water resources, other parties,
including local and national governments and nongovernmental agencies, influence their
decisions. In general, these other stakeholders were represented as auxiliary modules, and
the choices they make feed into the main RMU as exogenous factors. The impact of other
groups was also incorporated by explicitly modeling their decision-making processes. For
example, weir management committees are key decision-making units who determine
rationing during periods of water shortage. Charges and fines are levied on households who
do not obey these rules. Weir management committees are responsible for the repair and
maintenance of the weir, for which they draw upon household labor. Households often
contribute labor based on how much irrigated land they own or pay an equivalent quantity of
cash. In some cases, the committees also negotiate with upstream committees. A weir allocation
module was included in the DSS to mimic the current rules used for water allocation. DSS
users are able to manipulate the allocation rules by changing policy scenarios. Government
policies are also treated as scenarios within the DSS. To allow for differences in objectives,
the economic efficiency of government policies was not evaluated at the outset, but this
could be assessed later using the DSS.

The DSS is characterized by a highly intuitive user interface that allows decision
makers to explore alternatives by changing the values and data in the model. The interface
guides nontechnical users through the stages of accessing and manipulating data and
developing and assessing scenarios. The DSS was designed to allow future users to identify
information gaps, update information, and evaluate critical assumptions or uncertainties; it
can also accommodate changes in information and assumptions as the ADMP takes the
stakeholders through different stages of social learning. The aim is for researchers and users
to be able to incorporate new data and collaboratively define new modeling requirements
and refinements (Allen et al. 1996). The results can be summarized in tables, plotted, or
collated into an exportable text file, depending on stakeholder needs.

Whereas there is no specific format for designing a user interface, the following
principles were considered to be important:

» a format that the stakeholders are comfortable with,

+ the availability of on-line help and tutorials,

» easy access to all components of the data and models,

+ the ability to interface with other software,

» a format that allows for transfer between computers, and

+ the provision of different ways to present the model outputs.
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The interlinked models in the DSS were used to assess many management scenarios,
and the results were presented to the key stakeholders at workshops. Topics covered included
the implementation of forestry regulations, the introduction of crops through agricultural
extension, the construction of facilities for storing water, and investment by households in
more efficient irrigation systems. Scenarios were assessed using a range of indicators that
captured the broad socioeconomic and biophysical processes. Indicators reported for these
regions included water supply, water diversion, crop yields, and household performance.
Household indicators included gross margins, income from cash crops, on- and off-farm
income, and shadow prices of constraining resources. The results of various scenario analyses
were presented to different stakeholder groups. The fourth phase of the project will be
implemented in 2001-2002.

CONCLUSION

Integrated natural resource management (INRM) that integrates multiple disciplines across
spatial and temporal scales and involves stakeholders in key decisions will probably be more
effective than the single-disciplinary management approaches of the past. However, for INRM
to succeed in practice, it must focus on how people make decisions and how they interact
with each other and with their natural environment.

First, all the stakeholders involved will probably have to change their behavior to
allow for the planning, research, and implementation of management strategies across traditional
and legislatively mandated roles and disciplinary biases. Second, constructivist philosophy
should guide a dialectic decision-making process supported by rigorous individual or
interdisciplinary research. Third, the specific problem should dictate the scale, scope, and
disciplinary mix of the research, and the desired outcomes should be identified through
participatory action research, which may require a spatial-analytical framework of hierarchical
scales of analysis from local to global. Fourth, research should be integrative and synergistic,
crossing disciplinary boundaries and bridging gaps in the perceptions, values, and perspectives
of different stakeholders. Actions and policies should be developed in a participatory manner
and implemented at different scales to bring about the outcomes that have been identified as
desirable based on the decisions that stakeholders actually make in the field. These cycles of
behavioral change followed by the search for appropriate management strategies then occur
iteratively, with continuous adaptive learning as the cornerstone of the decision-making process.

Thus, the ADMP essentially consists of four cyclical, iterative phases, with each
cycle facilitating the selection of more appropriate management strategies and helping to
change the behavior of the stakeholders. Every cycle provides an opportunity for learning as
long as the stakeholders adapt their decision-making processes to the results obtained. In
such a process, researchers play a vital supporting role by using their analytical ability and
theoretical understanding to aid in identifying useful questions and by using DSS-based
interdisciplinary analysis to help stakeholders negotiate desired use and management strategies.
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The ADMP is not easy, because conflicts are inevitable between stakeholders with
different views about the nature of the problem, expected outcomes, the research and
development strategies needed to achieve the outcome, and the scale. The two case studies
presented here demonstrate that reaching a consensus is likely to require time, resources, and
commitment on the part of the key stakeholders involved.
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ABSTRACT

Natural resource management research has to evolve from a focus on plans, maps,
and regulations to an acknowledgment of the complex, sometimes chaotic, reality in
the field, with a large number of actors making their own decisions. As outside actors,
we can only try to facilitate and support a process of negotiation among the
stakeholders. Such negotiation involves understanding the perspectives of all
stakeholders, analyzing complementarities in views, identifying where differences
may be settled by “science,” where science and social action can bring innovative
alternatives for reconciliation, and where compromises will be necessary to move
ahead. We distinguish between natural resource management problems at village level,
within country, or transboundary, and those that relate local stakeholder decisions to
global issues such as biodiversity conservation. Tree-based systems at plot or landscape
level can minimize conflicts between private and public interests in local environmental
services, but spatial segregation of functions is an imperative for the core of global
biodiversity values. The complex agroforests developed by farmers as alternatives to
food-crop-based agriculture integrate local and global environmental functions, but
intensification and specialization may diminish these non-local values. For local
biodiversity functions, a medium-intensity “integrate” option such as agroforests may
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be superior in terms of resilience and risk management. Major options exist for increasing
carbon stocks by expanding tree-based production systems on grasslands and in degraded
watersheds through a coherent approach to the market, policy, and institutional bottlenecks to
application of existing rehabilitation technologies. Agroforestry mosaics may be an acceptable
replacement of forests in upper watersheds, provided they evolve into multistrata systems
with a protective litter layer. Challenges to INRM research remain: how should the opportunities
for adaptive response among diverse interest groups, at a number of hierarchical levels, be
included in the assessment of impacts on the livelihoods of rural people?

KEY WORDS: Indonesia, adaptive learning, adaptive options, agroforests, integrated natural resource
management, land-use change scenarios, negotiation support models, quantitative impact assessments,
scaling rules, stakeholders, sustainability assessments, tropical forest margins.

INTRODUCTION

Izac and Sanchez (2001) describe the paradigm shift for international agricultural research
from a focus on germplasm and technology development targeted at increased productivity,
as such, to “integrated natural resource management” (INRM). INRM, in their view, aims to
identify land-use practices that increase production while maintaining natural capital and
continuing to provide ecosystem services at local and global scales. Once such practices have
been identified, their adoption by larger numbers of farmers can be facilitated by a combination
of dissemination approaches and changes in policies. The complex agroforests, developed by
farmers in the forest margins of Indonesia, form a prime example of systems that combine
local and global functionality and in which removal of negative incentives derived from
existing policies has become the major target of INRM intervention (Izac and Sanchez 2001,
Abel et al. 2002). However, even in this agroforest example, it is not clear why and how
farmers can afford to, or are motivated to, care for longer term and externally set objectives,
including biodiversity conservation and an increase of terrestrial carbon stocks. The fact that
the farmer and external objectives partly coincide in these systems forms no guarantee for the
future, if the alignment is “accidental” rather than based on shared values and common
perceptions of the likely impacts of change.

Stakeholders other than farmers aim to modify farmer decisions. Although spatial
planning and regulations about those land-use practices that are allowed have some impact in
countries with strong institutions and good governance, the reality in many tropical countries is
otherwise. In common with most “central planning” philosophies, many “development” projects
have an overly optimistic view of their possible impact in modifying decisions by millions of
rural households and the individuals that constitute them, on how to manage the rural landscape
to satisfy their livelihood requirements. Introducing the “natural resource management”
terminology, as such, will not make a difference. In this contribution to the debate on international
agricultural research support for INRM, we want to focus on:
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1. Who are the managers implied in the M of INRM?

2. What is the scale at which the various natural resources can be managed?

3. To what degree can the objectives of the farm household, and other local, regional,
national, or international stakeholders, be met by integrated land-use patterns as
alternatives to spatially segregated ways of addressing multiple functions of land?

4. How can the various stakeholders overcome the prevailing sense of conflict?

5. How can research play a role by providing negotiation support to the various stakeholders
in natural resource management?

The views and concepts presented here were developed in the context of the
“Alternatives to Slash-and-Burn” program of research on options for land-use change in the
margins of the tropical forests (Tomich et al. 1998a, b, 2001, van Noordwijk et al. 1998a).
We will summarize lessons learned in this program, which targets one of the greatest challenges
in the debate over global natural resource use: finding ways to conserve the functions and
existence of tropical forests while providing sustainable livelihood options for poor farmers
in the forest margin.

THE M OF INRM: RECOGNIZING AND SUPPORTING
THE MANAGER

The overall objective of INRM research and development activities is to help managers at
various levels do a better job of managing natural resources. We subscribe to the view that
“management” of natural resources involves taking and implementing decisions that will
modify the way in which the agro-ecosystem functions internally and the way it responds to
external factors (Lynam et al. 2002, Cain et al. in press). These management decisions are
generally taken on the basis of managers’ objectives and a mental model that approximates
how certain actions will influence performance indicators of the system (Fig. 1).

In an abstract sense, the various steps in this cycle can summarize the targets of INRM
research:

1. Identifying clearer, more realistic, and/or more encompassing objectives, and constructing
better performance indicators that reflect the way these objectives are met;

2. Improving the mental models of all managers, based on understanding how outputs and
outcomes are related to inputs, and how multiple causes can lead to similar effects; this
is the primary entry point for new technologies that enlarge the array of options from
which farmers can choose to influence their agro-ecosystem;

3. Making better use of the mental models for planning how to obtain desirable impacts on
the multiple management objectives for minimum inputs and management efforts;
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Improving implementation of these management plans and scenarios;

Improving evaluation of the current state of the real world system;

Determining how the factors outside the managers’ control influence the system; and
Learning better how the real world actually responds to the change, including the feedback
created by ecological, economic, social, and political interactions within and across scales.

NNk

Figure 1. Management of natural resources involves a mental model of how the real world
responds to influences by the manager (thin arrow), as well as influences outside the managers’
control (thick arrow), and how this overall response is reflected in performance indicators that
will (partially) satisfy a set of multiple objectives. The contrast between the expected system
performance and objectives may lead to a change in the managers’ inputs into the real-world
situation. Actual experience may lead to learning, in the sense of modifying the mental model,
and changing the scenarios and plans. Because the real world involves many layers of
“managers,” there will be considerable feedback outside of the managers’ control. The diagram
shows a “national policy” management level superimposed on a “farmer” management level,
superimposed on the real world.
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An analysis of the weakest elements in the current management cycle may help us to
focus on the domains with the largest potential for immediate or medium-term improvement.
Agricultural systems aiming at full control over all factors that influence crop growth for
maximum yield require more labor and chemical inputs than systems that, to a certain degree,
work “with nature” and can lead to higher returns to labor, better financial performance, and
fewer negative environmental effects. Yet, a no-input agriculture (that harvests whatever
happens to grow) allows only low returns per hectare and consequent human population
densities of hunter/gatherer communities, even though it may lead to quite acceptable returns
to labor. Similarly, at the national scale, a paradigm of full control, involving plans, maps,
and heavy-handed manipulation of citizen behavior cannot claim much success, nor can a
complete laissez-faire approach. The search is for effective and efficient government
interventions that incorporate the likely response of decision makers at lower hierarchical
scales into the design and implementation of interventions.

In the past, agricultural research has been largely based on designing interventions,
such as technologies, germplasm, and external inputs, that lead to a predictable increase in
yields in well-defined situations, and on demonstrating the value of these technologies to
farmers. This technology approach, based on a “full-control” paradigm, can certainly claim
to have had successes. However, it drew criticism because its focus on yield led to an
agricultural system with undue negative impacts on sustainability and other performance
aspects; had little positive effect on the farmer as a resource manager, in a more complete
sense; and worked against the inherent variability and diversity of real systems. The new
paradigm of INRM is one of “adaptive learning” by farmers, supported by outside actors
who themselves are learning in the process (Tomich 1992, Hagmann et al. 2002). Adaptive
learning is closely linked to issues of sustainability.

Sustainability at any level of complexity, from cropping systems to the level of the
planet, can be based on the sustainability of its components, or on adaptations, the agility in
finding and introducing new components (Fig. 2). Existing sustainability indicators appear
to focus on the “persistence” axis, because the adaptive capacities at the levels from crop
genotype to farming system are more difficult to assess. Sustainable livelihood options outside
agriculture will have to form the escape route for the majority of today’s rural population, as
it has already done in the “developed” world in response to agricultural transformation (Tomich
et al. 1995, Campbell et al. 2002). Research on adaptive capacity must differ in character
from that of the sustainability of existing systems. The latter has specific land-use practices
as its target and can do experiments and make models of longer term behaviors. Adaptive
capacity research has to consider the range of options available and the way in which these
options themselves change over time and differ between stakeholders.

Taking the “manager” seriously implies trying to understand the mental model of
ecological relationships that underpin farmer resource use and investment/care decisions.
An effective toolbox for mapping these mental models now exists (Sinclair and Walker 1998,
Walker and Sinclair 1998, Walker et al. 1999). Farmers’ ecological knowledge often
complements current ecological science in interesting ways, and contributes to decision rules
for management, along with many non-ecological factors.
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Figure 2. Adaptive capacity as the missing link between sustainability
(persistence) at different levels of organization.
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THE NR OF INRM: AT WHICH SCALE CAN THE VARIOUS
RESOURCES BE MANAGED?

Natural capital consists of many resources, each with its own renewability, dynamics, and
movement. Where management refers to a specific spatial domain, movements of resources
in and out of this domain set boundary conditions for management. If “scaling up” implies
the consideration of larger spatial domains, it is likely that changes in management will be
needed at scale transitions. Each type of natural resource may have a typical scale at which it
can be meaningfully managed, depending on the patterns of lateral flow relative to the local
stocks of the resource (Lovell et al. 2002). This scale, however, depends not only on the
resource, but also on the situation. Groundwater may be a resource that is used, replenished,
and thus managed at village scale (as in the Zimbabwe example of Lovell et al. 2002), or it
may be part of aquifers that span hundreds of kilometers and may have the management
complexity of large surface streams and rivers. The spatial correlation of rainfall is relevant
for the way in which risks are reduced by access to plots some distance apart (van Noordwijk
and Ong 1999), and also for predicting surface run-off and its soil transport capacity at
above-plot level (van de Giesen et al. 2000).

In much work on “scaling up” naive extrapolations of measurements and management
recommendations are made on an area basis. For example, plot-level measurements of
sediment loss are translated to statements that “erosion is one of the main causes of nutrient
loss from Africa,” whereas, in fact, very little sediment reaches the seas or oceans in African
rivers. Plot-level erosion leads to a considerable lateral flow, impoverishing soil in one place
and enriching it in another (van Noordwijk et al. 19985). Scaling issues, in this sense, critically
depend on lateral flows of entities such as organisms, fire, smoke, water, sediment, nutrients,
people, money, and ideas, and determine the degree to which the overall scaling relationship
differs from area-based ones (van Noordwijk 19995, ¢). Many external effects of land-use
change are based on modifications of lateral flows of soil, water, air, fire, or organisms (van
Noordwijk et al. in press). To this list we can add people, money, and ideas. Lateral flows
imply that area-based scaling is not appropriate. For example, if human migration is defined
as people crossing boundaries at village, district, national, or continental scale, the number
of migrants, or proportion in the total population, will decline strongly with increasing scale
of consideration. At the global scale, migration is zero, just as is net loss of sediment by
erosion.

Biodiversity is also a concept with a complex scaling relationship, because the
richness of taxonomic or genetic entities at any scale depends both on the richness at a
smaller scale and on the degree of similarity between these units (Douglas 1999). The time
dimension causes an additional complexity because the objective of long-term survival of
populations cannot be directly observed, and has to be inferred from current size of the
populations and their internal genetic diversity.

The term “filter” is used here in a generic sense to mean anything that can intercept
a lateral resource flow (Fig. 3). Typically, filters occupy a small fraction of the total area and
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have a large impact per unit area occupied. They can thus be regarded as “keystone” elements
of a landscape. Closely coupled to the issue of filters and flows is the question of whether
spatial pattern matters for natural resource management. When external impacts of land-use
practices derive from lateral flows, the causality of impacts on external stakeholders of plot-
level land-use decisions is complicated. Conserving or establishing filters to intervene in
such lateral flows may provide attractive options to mitigate the impacts, compared with
elimination of the “root cause.”

Examples of this type of “mitigation” can be found in the filtering and temporary
storage of CO, in terrestrial ecosystems that slows the rate of increase of the atmospheric
concentration due to fossil-fuel use. It is also seen in the impact of riparian filter strips that
mop up the flows of excess nutrients from intensively used agricultural land and reduce their
“downstream” impact.

Figure 3. Schematic representation of how lateral flows and filters complicate the cause—effect
relationships between plot-level activities (managed by land users on the basis of their objectives)
and external stakeholders. There are many options for reducing the impacts on external
stakeholders.
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Key questions on the way filters function in natural resource management are:

How effective are different types of filters for intercepting flows?

How quickly will they saturate under high inflows?

How fast can the filters regenerate between events?

Do filters have a direct value and can they be treated as a separate “land-use practice™?

B =

Institutionally, landscape filters may require special attention in natural resource
management. Private resource access is hard to secure for linear elements in the landscape
far from home and potentially external to the enterprise. Nobody will plant fruit trees in
vegetative filter strips along streams, even if they contain fertile soil and have a favorable
water supply, unless local institutions secure access to the fruits of those trees.

The lateral flow, or migration, of people is one of the main conditioning factors in
natural resource management at scales relevant for policy. People moving into and extending
the forest margin are a major source of land-use change, with potentially desirable political
and economic connotations for a central government, but may also lead to rapid loss of
environmental service functions from a national, regional, or global perspective. Generally,
four phases can be recognized in the changes of forests, through a degradation stage to a
rehabilitated landscape where planted trees reappear (Fig. 4). Rules, such as taxes and
administrative restrictions on the sale of logs and wood, aimed to reduce the forest degradation
stage, may be a major constraint in the rehabilitation stage, as they reduce the incentives to
plant trees. Unfortunately, this relationship applies particularly to indigenous trees, rather
than to introduced species. There has been much debate on the conditions under which the
availability of options for more intensive use of agricultural or degraded lands can reduce the
pressures on forest conversion (Jepma 1995, Kaimowitz and Angelsen 1998, Tomich et al.
2001). The “Alternatives to Slash-and-Burn” program was built on the expectation that such
a relation indeed exists.

THE | OF INRM: INTEGRATE OR SPATIALLY SEGREGATE
FUNCTIONS?

For most land-use and natural resource-management problems, both “integrated” and “spatially
segregated” solutions exist, and each may have appeal to different stakeholders (van Noordwijk
et al. 1997a). Although “integration” has a general appeal, similar to that of “agroforestry,”
critical analysis is needed to decide whether it is really superior to segregated solutions.
Similarly, agroforestry as a science has its roots in the often naive expectations that close
associations between trees and crops can not only serve multiple functions, but also serve
these functions better than can a spatial segregation of agriculture and forestry. With an
increased understanding of competition that typifies many of these intimate mixtures (Sanchez
1995), the definition of agroforestry and the focus in agroforestry research have evolved
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Figure 4. Schematic land-use transformations from forests (“more people, fewer forest”) via
Imperata cylindrica grasslands to rehabilitated lands with various agroforestry options (“more
people, more trees”) (after van Noordwijk 1994).
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degradation agroforestry

from plot-level interactions between trees, soils, crops, and animals, to the way in which
landscape elements, including trees and forest patches, interact to produce local as well as
external “environmental service functions.”

For some of these environmental service functions, however, a spatially segregated
approach may be better (van Noordwijk et al. 1995). Again, lateral flows and filters are the
key to recognizing the options for landscape-level integration of functions that are not
compatible at plot level (van Noordwijk and Ong 1999). For example, where high nutrient
supply to agricultural crops is not compatible with quality standards for surface or groundwater,
a nutrient filter of vegetation around streams and ditches may lead to an acceptable solution.
Where crops use less water than the natural vegetation they replaced, and where increased
groundwater flows create problems of salinization, as in Western Australia, introduction of
trees in specific zones may help (Lefroy and Stirzaker 1999). However, parts of the
“charismatic megafauna” of tropical forests, such as tigers or elephants, are not compatible
with human objectives in agroforestry, and a clearer spatial segregation is necessary for
combining agriculture and biodiversity conservation (Nyhus and Tilson in press).
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The first step in the segregate-or-integrate analysis is to define the trade-off function
between the degree to which the various pairs of objectives can be met, similar to the practice
in analysis of intercropping systems. Concave curves on such a biplot always lead to the
conclusion that it is better to segregate the components; convex curves suggest that a
combination of functions can indeed be attractive (van Noordwijk et al. 1995, van Noordwijk
and Ong 1999). Where the two functions compared have different scale relationships, the
shape of the trade-off curve will change. The relative merit of integrated vs. spatially segregated
land-use options is essentially a question of scale.

INRM RESEARCH ON ALTERNATIVES TO SLASH-AND-
BURN IN INDONESIA: AN EXAMPLE

The original Alternatives to Slash-and-Burn (ASB) perception of the problems in the tropical
forest margins was that “poverty causes people to migrate to the forests, but they don’t know
how to manage the soils and are forced to move on to open new forest, leaving a trail of
degraded lands behind.” This perception of the problems led to the “Phase 1 hypothesis™ that
“intensifying land use as an alternative to slash-and-burn can reduce deforestation and
poverty.” This hypothesis has a local variant in the forest margin. Here, the “more people,
less forest” trend can be modified by more intensive forms of agriculture and a landscape-
wide action, where stimulating the “more people, more trees” stage may reduce the migration
flows into the forest margin and thus contribute to forest conservation (Fig. 4).

The main conclusions of the research in Indonesia (van Noordwijk et al. 1995, Tomich
etal. 2001) have been:

1. There is little evidence that the original perception holds true; unsustainable systems
used by recent migrants are mostly found under the government-sponsored transmigration
programs, which are planned at government level, rather than growing from spontaneous
poverty-driven, land-use practices.

2. Farmers have developed agroforests, based on rubber, resin, and other local or introduced
trees, as sustainable and profitable alternatives to food-crop production based on slash-
and-burn techniques.

3. This opportunity, however, has stimulated rather than slowed down forest conversion in
the absence of active boundary enforcement mechanisms for natural areas.

4. In mountain zones, opportunities for migrant farmers to privately plant profitable tree
crops such as coffee and cinnamon have hastened forest conversion, with variable effects
on forest functions.

5. Current forest conversion is a combination of logging, large plantation-style projects,
government-sponsored migration, and activities of both local and recent migrant
smallholders. Much of the conversion is planned and sanctioned by government and is
encouraged by public policy; small remnants of “shifting cultivation” remain in Sumatra,
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but largely in the form of settled fallow rotation, and these do not lead to significant land
degradation and people moving onto new forest margins.

6. The land-use systems that follow forest conversion differ significantly in their
sustainability, profitability, and impacts on carbon stocks, greenhouse gas emissions,
and biodiversity.

7. Although agroforests can maintain part of the biodiversity of the original forests, they
are clearly no substitute for full protection of biodiversity in dedicated natural areas and
conservation reserves.

The main activities can be summarized (Fig. 5) in the general framework of natural
resource management research (Izac 1998, Izac and Sanchez 2001). After quantifying the way
in which various land-use alternatives can meet a wide range of criteria that reflect local,
regional, national, and global interests, the analysis of trade-offs helped to identify a number of
natural resource management conflicts that will require negotiation between stakeholders.

CONFLICTS AND THE NEED FOR NEGOTIATIONS

Conflict management entails clarifying the options from all perspectives, searching for
mutually acceptable options or negotiating compromises, monitoring the outcomes, and
enforcing compliance. Three types of natural resource management problems can be identified
in the margins of tropical forests.

Problems at local level (upland/lowland): watershed and landscape ecological
services

Conflicts between local and downstream stakeholders following forest conversion are evident
throughout Southeast Asia. Yet some forms of spatial integration of “forest” and “agricultural”
functions may fulfill the needs of downstream land use. The conflicts may be based, in part,
on misperceptions of forest hydrological functions (Calder 1999) that lead to enforcing rules
for “watershed protection forest” outside the domain where it is truly functional. Our key
hypothesis in this category of problems is that complex tree-based, integrated systems, at
plot or landscape level, provide an opportunity to minimize conflicts between private interests
(in production/profitability of land use) and public interests in local environmental services
(hydrology, ecology, air quality).

Global-local confilicts of interest in biodiversity conservation

Our key hypotheses in this domain are as follows. For core biodiversity values (including
charismatic megafauna), spatial segregation of functions is an imperative, requiring socially
acceptable ways of protecting conservation areas. For local biodiversity functions, a medium-
intensity “integrate” option, such as agroforests, may be superior in terms of resilience and
risk management.
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Figure 5. Schematic representation of steps in “integrated natural resource management” taken
by the “Alternatives to Slash-and-Burn” (ASB) program in its Indonesian benchmark sites.
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Because there is indeed no substitute for spatial segregation of many endangered
species and people, socially integrated mechanisms are needed for stabilizing boundaries of
conservation areas. These would include tools for conflict management and actual
compensation mechanisms based on agreed performance criteria. Stabilizing physical
boundaries of protected and reserved areas implies providing farmers, extractivists, and hunters
elsewhere with livelihoods at least as good as they could expect in their current situation, or
providing shifting incentives toward sustainable use. There is a lack of proven means for
either approach.

Major unresolved issues also remain in the relationship between species richness
and ecosystem function from a local perspective. Farmers are most likely to perceive reasons
to maintain complex and species-rich agro-ecosystems if the direct use value of each element
per unit of resource use is approximately the same.

Where past germplasm development efforts focused attention on “priority” elements,
they are likely to have increased the contrast in value among the components of the system,
and thus to have undermined the rationale for maintaining agrodiversity (van Noordwijk and Ong
1999).

Global-local conflicts between global interests in carbon stocks and local
interest in conversion of forest for more profitable land uses
Evidence from ASB suggests that, for the combined objectives of increasing carbon stocks
and annual food-crop production, a “segregate” option is superior if it allows for maintaining
high carbon stock areas (including peat swamp forests) intact, and intensifying production
elsewhere (van Noordwijk et al. 19975). For the combined objectives of farm profitability
and carbon stocks, however, production systems based on tree crops provide a sensible
“integrate” option. The key hypothesis is that major options exist for increasing carbon stocks
by expanding tree-based production systems on grasslands and in degraded watersheds through
a coherent approach to the land tenure, market, policy, and institutional bottlenecks to the
application of existing rehabilitation technologies.

This type of INRM issue implies (1) a need for institutional and policy reform to
eliminate existing disincentives for planting trees, and (2) a need for compensation mechanisms
or other means to increase incentives for planting trees.

HOW DECISION SUPPORT EVOLVES INTO
NEGOTIATION SUPPORT

The real-world human impact on natural resources derives from a large number of individual
decisions, made with different access to sources of knowledge and information, with different
technical means to organize exploitation, and with different objectives, constraints, priorities,
and strategies. The best we can hope for is a process of negotiations among stakeholders that
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leads to modification of the individual decisions to produce superior outcomes from the broader
social perspective (Fig. 6).

Figure 6. Schematic representation of the main elements of natural resource management “action
research.” This approach relates the predicted impacts of landscape-level changes in land use,
channels, and/or filters to the range of performance indicators that is considered to be relevant by
the actors and other stakeholders of this landscape. It facilitates a process of negotiation that may
lead to changes in the way actors manage various parts of the landscape.
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The term “decision support model” may suggest that a single management entity
will seek a solution that optimizes the way in which multiple objectives can be achieved, and
then will make decisions to be imposed on the various actors and stakeholders. We prefer the
term “negotiation support models™ for constructs that help to obtain a common perspective
on the “if this, then that” relationships for a range of possible future landscapes. To function
adequately, the “negotiation support model” itself will have to be the subject of negotiation
and shared development efforts among stakeholders (Fig. 7). In this view, the main role of
research and development organizations is to help in developing the tool as a predictive
system, as well as in the process of stakeholder consultations and negotiation, acknowledging
the existing inequity in access to resources and information, wealth, political power, and
social status (Lynam et al. 2002, Cain et al. in press).
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Figure 7. Modified scheme (compare with Fig. 6) indicating that all stakeholders, including the
researchers, will enter the negotiations with their own mental models of the real world and the
impacts of activities on the performance indicators in which they are interested. These indicators
include: P, productivity or profitability; B, biotic interactions or biodiversity; S, sustainability; F, fire
or smoke; C, carbon stocks and net emissions of other greenhouse gasses; W, watershed functions
or the regular supply of clean water; K, knowledge that can be used to update the various mental
models; and E, ethical or aesthetic values.

Impacts on:  Actors, with their
P stakeholders  ‘mental models’

Landscape |-~
mosaic
resource
interactions

sy

Negotiation process

INTEGRATED MODELS

During the first two phases of the ASB project, it became clear that “watershed protection
functions” of forests and the way in which they change after forest conversion are a major
source of conflict in Southeast Asia (Tomich et al. 1999). Because these issues are based on
the lateral flow of water and sediment, they have challenging scale relationships and involve
distances beyond those at which local institutions can be expected to cope (Lovell et al.
2002). Because several hierarchical layers of stakeholders are involved, a complex negotiation
process is likely to be necessary, and a model of how the real-world landscape functions may
be a helpful tool in this process.

Integrated system models can first serve as a common framework of analysis that
clarifies the type of information required from the various participants of the research program.
Second, and perhaps more important for the implementation phase, is the function as a
discussion tool. Different scenarios outlined by the various stakeholders can be clarified
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qualitatively in a first approach. Possible future changes can be examined and discussed,
possibly generating the basis for overcoming present conflicting interests to obtain a better
collective future. Disciplinary research can offer the necessary “building blocks” to make
quantitative simulations with a certain probability and precision. In the development of
simulation models, a “top-down” approach that starts with the overall problem and gradually
adds detail as required can be distinguished from a “bottom-up” approach that starts with
available knowledge and insights on component behavior and seeks integration and “emergent
properties” at a higher level of integration.

Some progress has been made, e.g., by the FLORES group using a “bottom-up”
approach to model development (Vanclay 1995). A village-level model of shifting cultivation
(FALLOW; van Noordwijk 19994, in press) also builds up landscape-level predictions from
the way in which households are supposed to manage the various plots within the simulation
domain. Explicit scaling relationships can be built into such an approach. Many issues remain
unresolved, however, especially regarding the amount of detail required to simulate individual
decision-making processes and the collective action within and among rural communities. A
diversity of approaches may also be needed to provide options for location-specific attempts
to develop a support model for locally relevant natural resource management negotiations.

A top-down approach using a system description, which still allows for the
incorporation of individual stakeholders’ interests, was taken for the development of a
modeling framework for coastal zone management near Ujung Padang, Sulawesi, Indonesia.
The RAMCO-model (Rapid assessment for management of coastal zones; de Kok and Wind
1999) is based on conceptual guidelines provided by Randers (1980), Miser and Quade
(1985), and de Kok and Wind (1999). It recognizes eight distinct steps for the design and use
of integrated models for policy analysis.

1. Problem formulation, which should include at least one problem definition, its boundaries
and constraints, and the various values and criteria used by respective stakeholders.

2. Generation of alternatives.

Qualitative system design, which involves the development of a causal relationship

diagram or system diagram (see Fig. 8).

Quantitative modeling.

Model implementation.

Model validation (return to steps 3, 4, or 5, as needed).

Ranking of alternatives from various stakeholder perspectives.

Stakeholder negotiations on the consequences of the various alternatives (return to step

2, if new ideas arise).

[98)
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The general problem in the new ASB benchmark area in Sumber Jaya, the upper
Tulang Bawang watershed in Lampung (Sumatra, Indonesia) can be defined as the perception
of unsustainable use of natural resources, leading to conflicts over land use and access rights.
A stakeholder analysis is being carried out to confirm or discard some of the initially identified
issues and thus to frame the questions that the negotiation support model should try to answer.
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The apparently contradictory objectives of the stakeholders in this conflict can be formulated
in terms of the values that are considered relevant for watershed management. On the basis
of these values and criteria, a more concrete problem definition, and the boundaries and
constraints of various alternatives, can be generated, including an initial compilation of the
perceived causal relationships. Research to map the “mental models” of all participants in
the negotiations, as illustrated in Fig. 7, can help to clarify the service that each stakeholder
can actually expect from the watershed. The mental model of a model-builder (an example is
given in Fig. 8) needs to be completed and verified with the mental models of the various
other stakeholders.

Different “what if”” scenarios, based on stakeholder inputs and feedback, will allow
an exploration of various possible options. Scenarios need to be developed for fewer or
uncontrollable, external parameters such as migration, world market prices, or precipitation.
The main objective of this model building is to put stakeholders on a more equal footing and
thus help them in negotiating an agreement over future resource use and access rights. The
social process to achieve this objective requires a series of confidence-building experiences
and a political climate of openness that only recently has developed in Indonesia. The modeling
and social interaction will have to be iterative and parallel (not serial), adaptive-learning
processes, contributing to the stages of problem definition, evaluation of options, negotiation,
and implementation and monitoring of agreed-upon solutions.

CONCLUDING REMARKS

Integrated natural resource management research and development efforts should lead to
tangible impacts on the ground. If, however, we continue to evaluate the “impact” of our
research and development involvement simply on the basis of the spread of specific
technologies, we are likely to misdirect our efforts. Supporting farmers as managers may
mean that informed non-adoption or adaptation-beyond-recognition may be better signs of
success than adoption of well-defined practices in a context in which social pressure plays a
role. If improving the ability of natural resource managers at all hierarchical scales is our
target, we should measure our success and failure accordingly, based on the adaptive learning
capacity and the way in which we can help to expand this.

The Sumber Jaya case study is still in an early stage and will form a laboratory for
INRM research and development efforts. Ultimately, we subscribe to the naive, positivist
view that the quality of decisions and negotiations can be improved by providing better, not
necessarily more, information to the various stakeholders so that more alternatives can be
generated and evaluated. This optimistic view may not be supported by reality, where, too
often, solutions are selected that bear no relation to the officially stated objectives or to the
problem. More equal access to information for the various stakeholders and a process in
which transparency becomes a requirement in public debate, are essential if the information
that we contribute is to be of actual value in the negotiation process.
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Figure 8. Initial system diagram of relations in the Sumber Jaya ASB benchmark area in Indonesia; shaded diamonds indicate
external variables; shaded hexagons indicate management options for some of the stakeholders; shaded ovals represent key impacts.
This qualitative diagram will have to be verified with the various stakeholders. The next steps are the quantitative modeling and
a strength—weakness analysis of the various processes.
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ABSTRACT

Lessons from integrated natural resource management (INRM) practiced at different scales
are reviewed, with a focus on catchment management. INRM is complex, and many
interactions have to be addressed. Consequently, the scale of investigation can restrict the
generality and utility of the findings. Examples show that temporal, biophysical, and
institutional scales can each be critical. Contexts and dynamics associated with particular
scales, and interactions or lateral flows that become important with increasing scale, also
pose serious challenges. A conceptual framework is presented for scaling issues in INRM
and how to deal with them. To benefit many people over large areas within sensible time
frames requires considerable political will, investment, and strategic planning from the
outset. Only then will an enabling environment be created to meet a range of preconditions
identified in previous studies of integrated catchment management, watershed
development, common property management, and devolution. This paper focuses on the
links between the organizational/human aspects and the biophysical/technical perspective
of various scaling issues. In particular, there is a need to reconcile current top-down and
bottom-up approaches, both of which are needed to achieve effective delivery in structured
programs beyond the scale of a few villages or isolated success stories. Options for bridging
this gap are discussed and recommendations are made for research that might be
undertaken. Action research is recommended to enable learning-by-doing, and should
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focus at two levels: strategic studies to help create the political and institutional landscapes
required for scaling-up; and specific studies of gaps in knowledge, in particular, programs that
account for scale issues. These suggestions are illustrated using the example of groundwater
management via nested scales of interdisciplinary research.

KEY WORDS: common property management, community-based natural resource management,
devolution, going to scale, integrated catchment management, integrated natural resource
management, integrated water resource management, participatory watershed development,
scaling-out, scaling-up, spatial scale, temporal scale.

WHY FOCUS ON SCALE?

In many countries, governments and development agencies are turning to integrated natural
resource management (INRM) as a means of safeguarding the natural resource base and
improving agricultural productivity. In national planning, integrated catchment management
and integrated water resource management are now synonymous with “integrated management”
of land, water, and forest resources at river catchment scales, typically 5000-500,000 km?. The
boundary ascribed in this case is always the physical watershed, or the boundary of the catchment.

In contrast, INRM is also being promoted with community groups and, in some
cases, even with individual farmers through community-based natural resource management
of common-property, open-access, and privately owned resources in micro-catchments,
typically only 5-50 km?. Social boundaries prevail, and many so-called “watershed
development” projects are being undertaken at this scale in developing countries, primarily
through nongovernmental organizations (NGOs).

INRM s also central in current thinking on poverty alleviation. The Sustainable
Rural Livelihoods Framework (Carney 1998) seeks to improve the lives of poor people and
to strengthen the sustainability of their livelihoods. It aims to help people understand and
manage the complexity of rural livelihoods through holistic analysis of the five different
types of capital asset (natural, manufactured, human, social, and financial), upon which
individuals and groups draw to support themselves. INRM is thus being promoted at a very
wide range of scales. In all cases, it seeks to address whole agroecosystems, which, by nature,
are complex. Thus, many interactions have to be addressed (Campbell et al. 2001).

Gonsalves (2000) defines “going to scale” as “bring[ing] more quality benefits to
more people over a wider geographical area more quickly, more equitably and more lastingly.”
IfINRM is to go to scale, this raises the thorny question of making trade-offs between these five
quality dimensions of capital, because there are many interactions across scales that must be
addressed. This paper is prompted by the growing realization that many people, when working
across natural scales of space and time, do not always appreciate the full extent of problems
associated with scaling, or the implications when interpreting their results. The objective of this
paper is, therefore, to highlight some selected conceptual, as well as practical, issues of scales
and scaling in INRM, and to present a conceptual framework for dealing with these issues.
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As noted by Schulze (2000), scaling in the fields of hydrology and ecology has been
comprehensively reviewed in the past five years, through the many contributions to recent
special journal issues of, for example, the Journal of Hydrology, Water Resources Research,
Hydrological Sciences Journal, and Hydrological Processes. It has also been addressed in
other publications by Schulze (2000), Harvey (1997), and Jewitt and Gorgens (2000), the
recurring contributions by Beven, Wood, Bloschl, and Becker in the peer-reviewed literature,
and in recent books edited by Feddes (1995), Kalma and Sivapalan (1995), Stewart et al.
(1996), and Sposito (1998). In the fields of economics, environmental sustainability, and
organizational development, seminal analyses of scaling have been provided by Schumacher
(1973), Adams (1990), Ostrom (1990), Holling (1993), Lee (1993), and Murphree (2000).
Drawing on the lessons from these previous analyses where possible, this paper considers
scaling issues that arise in INRM, particularly the disjunction between current top-down
(predominantly technical) national programs and bottom-up (predominantly social/
institutional) community-level projects. Three questions underlie the paper:

1. Under what conditions is INRM likely to be successful and to go to scale?
2. What can be done to increase the probabilities of success?
3. What kind of INRM research is needed?

The paper begins by considering why scale and scaling issues arise in INRM. It then
presents a conceptual framework for dealing with these issues, using practical examples
from around the world to support the logic. The paper concludes with a discussion of the
need to reconcile current top-down and bottom-up approaches and the role that research
might play in this process.

WHY DO SCALE AND SCALING PROBLEMS ARISE?

“Scale” is defined in the Oxford English Dictionary as “relative size or extent.” It is a
characteristic dimension (or size) in either space or time or both, of an observation or a
process, or a model of that process (Jewitt and Gorgens 2000). Intuitively, it is an indication
of an order of magnitude rather than a specific value (Schulze 2000).

“Scaling” (up or down), on the other hand, represents the transcending concepts
that link processes and actors at different levels in time and space. Scaling, therefore, entails
changes in processes and actors, upward or downward, from a given scale of observation. It
recognizes the interconnectivity of scales and includes the important constraints, interactions,
and feedback (lateral flows) that may be associated with such changes in scale. Included in
the concept of scaling are changes in spatial and temporal variability, in patterns of distribution,
and in sensitivity (Schulze 2000). Scaling thus goes beyond simple aggregation (up) (“scaling-
out,” or extrapolation of approaches to sites with similar characteristics) or disaggregation
(down) of results at one scale to achieve results at a more desirable scale.
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Natural and anthropogenic systems display considerable heterogeneity, which
influences the type of processes that dominate and the rates at which they occur. These systems
are also hierarchical, with much feedback occurring across overlapping scale spaces (Schulze
2000). Scaling problems related to time, space, institutions, and environments have been
addressed by a number of researchers who have proposed various solutions (Table 1). This
information can be presented in the form of a conceptual framework or strategy (Fig. 1) to
deal with scaling issues in INRM, primarily through very careful problem analysis, coordination
of civil and professional science, and iterative learning. The practical examples that follow
are provided to support the logic for this conceptual framework.

Table 1. Scaling issues related to time, space, institutions, and environments, and how to deal

with them.

Scaling problem

Solution

Further reading

General

Focus on a single scale may obscure
important processes that only become
obvious at either finer or broader scales.

Temporal
Change within natural systems occurs
at different rates.

Process scales may be episodic

(e.g., rainfall), cyclical (e.g., rainy season,
long-term rainfall cycle), stochastic having
a certain recurrence interval (e.g., a 1

in 10 year drought occurrence), ephemeral
(e.g., stream flow) or continual

(e.g., groundwater movement).

Spatial

Process scales exhibit spatial extent (e.g.,
the area over which the rainfall occurred),
space period (e.g., the area over which a
certain rainy season occurs) and
correlation space (e.g., the area over

which the 1 in 10 year drought left its mark).

Dominant processes and physical laws
change with scale.

One process may dominate the response
(e.g., rainfall distribution may dominate
over land use or institutional
performance).

Ask questions about cumulative impacts
on a broader scale than that being studied.

Examine large-scale impacts on a smaller scale.

Analysis should focus on the interactions
between the slow and fast phenomena
and monitoring should focus on long-term,
slow changes in structural variables.

The observation scale at which samples are
collected and phenomena studied should
match the scale at which the processes are
taking place. Ideally the process should be
observed over a wide extent with high
resolution and fine grain to allow any signal
within the process to be observed at the
appropriate time scale.

As above, match the observation scales
to the process scales.

Observations should be made at the scales
at which the processes and physical laws
are taking place.

Identify the dominant spatial forcing function
of response and observe over a wide extent
with high resolution and fine grain.

Schulze (2000)

Holling (1993)

Bloschl and
Sivapalan (1995);
Jewitt and Gorgens
(2000); Schulze
(2000)

Schulze (2000)

Wood and Lakshmi
(1993); Harvey
(1997)

Bugmann (1997);
Schulze (2000)

112



Chris Lovell, Alois Mandondo and Patrick Moriarty

Table 1. Continued

Scaling problem Solution Further reading

The elements in a natural system respond Isolate those significant elements that explain Becker and Braun
non-linearly at different rates, according both the signal and the variance in the response. (1999); van

to different threshold scales and lags, Noordwijk et al.
and with varying degrees of feedback. (this volume)
Institutional

The assignment of jurisdiction over Strong local jurisdictions, affected by genuine Lee (1993);
particular assets and functions across devolution. Jurisdictions no larger than Williams (1998);
a spectrum of issues, which may range necessary (at levels where such collective Murphree (2000)
from local to global. problem-solving makes most sense and has

most autonomy). Aggregation through negotiated
and reciprocal interest and interaction when
ecological and functional scale imperatives require
larger jurisdictional reach. Jurisdictional size
matched to resource base. Constituent
accountability. All this takes time and evolution.

Jurisdictions imply boundaries, which The boundaries should be social, with Lee (1993);

may be spatial or resource-specific, specification of who has responsibility, who has  Williams (1998);

overlapping or nested in larger systems.  authority, who has appropriative rights, and what Murphree (2000)
the limits of these rights and responsibilities are.

Two contrasting policy thrusts: Both are needed. Community-level ownership Schumacher (1973);
“big government” (comprehensive and decision-making are fundamentally Adams (1990);
authority located at a few nodes across important, but community-level decisions should Lee (1990); Ostrom
the spectrum of expanding scale be made within a wider planning framework. (1990);
requirements) and “small is beautiful” (an  The requirement is for local regime Murphree (2000)
approach that seeks to place jurisdictions independence within the context of a larger,

at local or community levels). scalar interdependence.

SCALE OF INVESTIGATION: EXAMPLES FROM AFRICA

Studies in communally managed dryland areas of Zimbabwe illustrate that temporal,
biophysical, and institutional scales of investigation can each be critical and can restrict the
generality and utility of findings.

Temporal scale

Over time, change occurs at different rates (Holling 1993, Sneddon et al. 2002). “Slow
change” is cumulative (accumulations of human influences on components of their
environment over decades and centuries), whereas “fast change” is a sudden alteration in
“fast environmental variables that directly affect the health of people, productivity of natural
resources, and vitality of societies.”

For several centuries before colonization, the indigenous people of Zimbabwe were
part of localized territorial groupings, and natural resources were abundant in relation to
population (Beach 1980). However, colonial land apportionment brought an abrupt change in
tenure and settlement patterns when these people were forced into native reserves, mostly in
parts of the country least favored for agriculture (Moyo et al. 1991). Concentrated settlement
was rapid, and related environmental change accumulated over decades, while some

113



The Question of Scale in Integrated Natural Resource Management

Figure 1. A conceptual framework or strategy to deal with scaling issues in INRM.
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environmental legislation put in place over a century ago has survived even to this day (Mandondo
2000) because institutions exhibit path dependency and do not easily change (North 1990).

Today, 57% of people in Zimbabwe live in the “communal lands” designated during
the colonial era. All land is owned de jure by the state but, de facto, cropping land is owned
by families under customary arrangements. Grazing land, forests, and water are managed
through common-property arrangements and are apportioned opportunistically through open
access or at the whim of traditional leaders. Environmental concern reaches back to the early
1900s, informed by experiences with disasters elsewhere, e.g., the American Dust Bowl of
the 1930s. In 1966, there were reports that 50% of communal lands were either badly
overgrazed or had little herbaceous cover. In the 1980s, a national survey suggested that >
90% were “severely” deforested, the worst areas being those with the largest livestock and
human populations and longest periods of settlement (Whitlow and Campbell 1989). There
were also reports of extensive erosion, and many areas began to experience severe water
resource problems as groundwater levels fell and water points failed. These observations led
to a widespread perception that land management in the communal lands was bringing about
general desiccation of the environment.

The Romwe catchment study (Bromley et al. 1999) began in 1992 in Chivi communal
land to help resolve the uncertainty. Through a combination of ground-truth measurements,
monitoring, and modeling, it partitioned the causes of groundwater decline into rainfall pattern,
land-use change, and human abstraction. Rainfall in this region exhibits periods of above-
and below-average levels (Chenje and Johnson 1996, Makarau and Jury 1997). This means
that areas such as Romwe actually fluctuate between being semiarid and semihumid. The
implications for natural resource management are enormous. Village elders recall cattle
numbers oscillating in line with departures from mean annual rainfall (Fig. 2; Moriarty 2000).

Figure 2. Cycles of rainfall and cattle numbers in Chivi district,
Zimbabwe (adapted from Moriarty 2000).
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Similar fluctuations may be expected in grain yield, vegetation cover, erosion, and siltation.
Modeling catchment hydrology for this period clearly shows that rainfall is by far the greatest
determinant of natural resource status. Long-term trends in groundwater levels reflect
cumulative rainfall variation, and the main cause of water point failure in the late 1980s and
early 1990s was the extended dry period from 1981 to 1992 (Butterworth et al. 1999). Human
impact through land-use change is of only secondary importance (Butterworth 1997), and
human impact through present groundwater abstraction is trivial (Table 2). The important
implication for INRM is that short projects or “snapshots™ are dangerous. In this environment,
the temporal scale of investigation must cover (or at least allow projection over) one full
cycle of rainfall variability in order to account for natural fluctuations in resource status.

Table 2. The annual water balance of a micro-catchment in southern Zimbabwe (year 1 July—
30 June); see Lovell et al. (1998).

Run-off Recharge Change in Natural Human Balance to
groundwater groundwater use evaporation,
storage recession change in soil

moisture and
other Ic
mm
1994/95 rainfall 738 mm 4 38 -34 72 1 695
1995/96 rainfall 990 mm 93 262 +100 162 1 634
1996/97 rainfall 937 mm 84 296 +62 234 1 556

Maximum values of recharge, calculated as rainfall minus potential evaporation and run-off during period of
groundwater rise and assuming no lateral flow or change in storage in the unsaturated zone. Specific yield
Sy=0.045 for the whole catchment inferred from maximum values of recharge and measured groundwater rise
across a network of piezometers. Change in groundwater storage is annual change in groundwater level
multiplied by specific yield. Recession is difference between recharge and change in groundwater storage.
Balance is rainfall minus run-off, recharge and human use.

Biophysical scale

Biophysical scale, as related to groundwater in Romwe, is driven by the crystalline basement
geology. In contrast to sedimentary aquifers, where recharge can percolate to great depths
and move over large distances underground, basement aquifers are localized in sump points
(Fig. 3). Storage takes place only in areas of relatively deep weathering. The aquifers are
relatively small in area, shallow, discontinuous, and seldom match the boundaries of surface
water catchments.

The important implication for INRM in this environment is that groundwater
management does not have to be applied consistently over huge areas to have a measurable
effect. This contrasts with surface water management, where a beneficial effect may often lie
hundreds of kilometers from the point of intervention (e.g., where headwaters are managed
to improve reservoir performance downstream). For groundwater in basement areas, decisions
and actions that have a real impact on the locally available resource can be made at the local
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Figure 3. Section through a model of crystalline basement aquifers showing storage of groundwater
in localized weathering (Moriarty 2000).
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level. Such decisions include whether to adopt water-harvesting methods to enhance
groundwater recharge or rain-fed crop production, or whether to develop woodlots on aquifers
rather than irrigated gardens. The correct biophysical unit for management in each case is
the groundwater micro-catchment. Although this seldom coincides with an existing
institutional boundary, it does at least make micro-catchment management an appropriate
strategy in this environment, and is a scale conducive to working with small interest groups,
typically numbering in the tens of families rather than hundreds.
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Institutional scale
Boundaries are central to INRM because they specify the area over which jurisdictions apply,
as well as the roles that particular actors are assigned (Murphree 2000). Specifying
jurisdictional zones is, nevertheless, easier said than done, not least because administrative
boundaries, infrastructural links, ethnic groups, community limits, and informal networks
seldom correspond with physical resource boundaries, to the extent that these can be agreed
upon. To complicate matters further, INRM involves the integrated management of a multitude
of common-property, open-access, and privately owned resources such as cropland, pastures,
forests, and water. Each has an associated complex of often-conflicting interests held by
“stakeholders” both inside and outside the particular resource boundary (Nemarundwe 2001).
The choice of institutional scale for INRM conceptually can be made from a
continuum of options ranging from “big government” to “small is beautiful” (Murphree
2000). “Big government” is an approach of comprehensive authority located at a few nodes
across the spectrum of expanding scale requirements. It arises in response to developing
insights about ecological interconnectivity, resource scarcity, and an expanding global
economy. It carries with it a strong internal logic; interrelationships of scale are best managed
by unitary jurisdiction, or by a few integrated jurisdictions.

17
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“Small is beautiful,” on the other hand, is an approach that seeks to place jurisdictions
at local or communal levels. Small jurisdictions are more transparent to their constituencies
and thus politically acceptable. Controls exerted through local peer pressure are tighter and
more efficient than distanced prescriptions on which large jurisdictions have to rely. “Small
is beautiful” also carries with it the fact that incentive is the fulcrum for responsibility and
the motivation for environmental investments and controls; it requires a clear perception of
the links between management inputs and output benefits. Small jurisdictions are better placed
to delineate and put into operation these essential linkages. Furthermore, responsibility and
authority, which must be linked, can be coordinated under one local institution or explicitly
articulated between the limited range of actors involved.

Small units mitigate the transaction costs of organizing for collective action and are
generally associated with mutuality of interest and greater social cohesion arising from easy
day-to-day contact. However, the “small is beautiful” approach can result in a multiplicity of
fragmented jurisdictions that lack coordination when it comes to addressing bigger problems
of both a local and trans-local nature. Such problems that cannot be handled in isolation at
localized scales are better addressed by larger, unitary jurisdictions, but these are often directed
from a remote center, out of touch with local priorities and aspirations. A question, therefore, is
whether those at the top should define small units for INRM on the basis of a subdivision of big
units, or whether small units based on local interest groups should build into bigger coordinated
units (Appendix 1). In the former, communities usually end up with responsibilities for INRM
without corresponding authority, making it difficult for local institutions to establish areas of
jurisdiction in which there are clearly “insiders” with usufruct rights and management obligations
and “outsiders” who can be excluded from direct use. In the latter, lack of capacity in lower-
and middle-level institutions, and ineffective links between the two, are often key constraints.

Identifying and negotiating these interests and relationships is a key part of INRM
that generally requires external facilitation to advise on organizational development and to
help find compromises between potentially conflicting interests (Ravnborg and Ashby 1996).
It is inevitable that the solutions, in the form of appropriate institutional arrangements, will
be location-specific and resource-specific to some extent. In terms of direct management,
the particular user group and its neighbors should determine the appropriate institutional
scale. In terms of program development, this must involve at least the scale at which INRM
policy can be decided and enacted. In Zimbabwe, this corresponds to the district council.

Scaling-out

“Scaling-out” is sometimes used to define spatial extrapolation of successful approaches to
other sites with similar circumstances; i.e., replication at the same scale but at different locations.
It may involve a certain degree of adaptation, but essentially involves the same type of system
boundaries (Kolavalli and Kerr 2002). It depends on identifying sites with similar circumstances,
followed by extension. Harrington et al. (2001) provide examples of tools that can help in this
process. These include site similarity analysis through GIS, the use of farmer and land type
taxonomies, and simulation models. This form of simple area scaling will rarely be appropriate
in INRM, however, without detailed institutional investigations in the proposed extension areas,
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and without asking questions about cumulative impacts on a broader scale than that being
replicated. Similar biophysical areas cannot be assumed to have similar institutional
arrangements, local culture, or values, and there will be lateral flows of soil, water, air, fire,
organisms, people, money, ideas, etc., across the expanding scales.

The examples of temporal, biophysical, and institutional scale issues that we have
given, and their associated physical and social contexts and dynamics, highlight that successful
approaches will invariably be location-specific and time-specific, to some extent. Rules or
relationships that hold at one scale may not transcend scales, and “successful” approaches at
one scale may even cause problems downstream. Van Noordwijk et al. (2001) provide the
example of plot-scale erosion that leads to considerable lateral flow, impoverishing soil in
one place but enriching it in another, with relatively little actually reaching the scale of seas
and oceans.

These scale issues, contexts, and dynamics, and the interactions that become important
with increasing scale (e.g., through spatial extrapolation) pose serious challenges and explain
the nested scales of interdisciplinary research recommended later in this paper.

SCALING-DOWN AND SCALING-UP: EXAMPLES FROM
AROUND THE WORLD

Experience shows that for INRM to benefit many people across large areas requires
considerable political will, investment, and strategic planning from the outset (Costanza and
Jorgensen 2002, Campbell et al. 2002). Success depends primarily on building relationships,
in particular, on community participation, which depends on incentive, which in turn is
contingent on the creation of an enabling environment to meet a range of preconditions
identified in previous studies of integrated catchment management, watershed development,
common-property management, and devolution (see, e.g., Gibbs 1986, Beven 1989, Ostrom
1990, Shah 1993, UNESCO 1993, Clarke 1994, Ravnborg and Ashby 1996, Farrington and
Boyd 1997, Farrington and Lobo 1997, Rhoades 1998, Adams et al. 1999, Murphree 2000;
C. H. Batchelor, unpublished manuscript, C. H. Batchelor, J. Cain, F. Farquharson, and J.
Roberts, unpublished manuscript, Beaulieu et al. 2002, Kolavalli and Kerr 2002, Giindel et
al. 2002). These preconditions or lessons (see Fig. 4) will be discussed in more detail.

Lessons from integrated catchment management and watershed
development

Following the United Nations Conference for the Environment and Development (UNCED)
held in Rio de Janeiro in 1992, most nations subscribed to new principles for the integrated
management of land, water, and forests. Although program names vary from nation to nation,
all express similar aims. It should be noted, however, that despite considerable interest and
effort, these national programs have rarely delivered. The main reasons appear to be the top-
down sector approach taken, a lack of community involvement in the process, and a lack of
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Figure 4. Some generalized lessons or preconditions for successful INRM.

Integrated Catchment Management
- Overall strategy that clearly defines the management objectives
- Mechanisms and policies that enable long-term support
- Arange of delivery mechanisms that generate the interest
and participation of local institutions and communities
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- A monitoring schedule evaluates program performance
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Common Property Management (Group Management)
- Access to external facilitation to help advise on organization development
- Systematic analysis to identify all stakeholders and ensure their representation
- The operative unit is small enough for local people to participate meaningfully
- Members of the group must benefit directly from the resource
- Constitution (rules and norms) governing management agreed upon defined
- Group membership and resource boundaries are agreed upon and defined
- Compromises for resource sharing negotiated with other user groups

using charters of access and compensation mechanisms
KPenaIties for infringement of rules and a mechanism to enforce these )
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/The ideal initial development project

- Produces a range of benefits to many people in a short space of time

- Generates cash - lack of income is a huge impediment to new activity

- Creates sufficient incentive for communities to overcome the increased
managerial problems associated with joint action

- Builds social capital e.g. provides a meeting place for problem solving
and builds confidence in tackling natural resource problems

- Prompt their awareness of the need to protect natural resources in
order to protect their initial investment - in some cases this intrinsic
awareness may need to be reinforced through environmental education
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appropriate delivery mechanisms at ground level to generate the interest of local institutions
and communities. Indeed, the lack of appropriate delivery mechanisms was identified as the
main failing with first attempts to implement integrated catchment management in both Australia
and South Africa (Blackmore 1995, van Zyl 1995). The importance of community participation
and local development to the success of these national programs cannot be overstated.

In contrast, a recent survey of community-level watershed development projects
considered the impact of taking a fully participatory approach (Hinchcliffe et al. 1999):

Contrary to common viewpoints, the catchment ... is not always the most rational unit
for all activities ... Because neither catchments nor the groups who live among them
are homogenous, the nature of their problems and the possible solutions are varied
and complex. Prescriptive external solutions have little chance of fitting ... and may
be inappropriate or unacceptable to the majority of farmers. Nevertheless, working
with common interest groups on contiguous areas of land, whose boundaries may be
administrative, social or physical, enables agency staff to provide assistance more
efficiently than where individual farms are scattered ... Thus it is not “catchment
management” as such that results in improvements in agriculture and livelihoods.
Insistence on such a framework may run contrary to communities’ needs and priorities
... Rather it is the integration of improved husbandry of land, of crops and of livestock
with better interpersonal relations in the context of catchments that produces tangible
benefits.

Twenty-three case studies, ranging from Landcare in Australia to the Aga Khan
Rural Support Program in India, present a rich and complex picture of the problems,
achievements, and continuing challenges faced by conservation professionals and farmers
around the world. The features common to successful projects at this community level include:

* Small micro-catchments with boundaries rarely defined and rarely hydrological.

* Planning units that are collective, i.e., a community-based organization (CBO) rather
than individual farmers, with the emphasis on working with people who have something
important in common (e.g., caste, blood, class, common dependence, common priority).

* Areasonable degree of social organization through which the necessary critical mass of
collective action can be organized. Where this does not exist, it has to be created, requiring
significant development of trust and platform building. The social units most appropriate
for participation need to be tailored to the particular setting, and the approach may not
work where “community” is not the norm and people are devoted to individual actions
(e.g., tribals, absentee landlords, landless people).

* Flexibility. A thoroughly predesigned and preplanned project is not considered a good
project. Indicators of success focus on adaptation rather than adoption.

* Clearly defined roles for the different organizations: state departments, NGOs, and CBOs.

* Emphasis on introducing government personnel to participatory farmer-to-farmer

121



The Question of Scale in Integrated Natural Resource Management

extension and on reorienting initial projects and extension approaches away from
“treatment” of specific problems toward whole-catchment management focused on
livelihood priorities.

* Tangible benefits to participants in a short space of time.

* Group access to finance through credit or other means.

* Highly subsidized by government and donors, with local residents contributing only a
small percentage of the value of the development works in cash or as labor. Adequate
financial and institutional support is considered critical where authorities are handing
responsibility for complex, costly, and conflict-ridden problems back to local people.

Almost without exception, however, these NGO-led projects are small in scale and
can be expanded only by repeating the same slow, costly, in-depth techniques in successive
villages. Farrington and Boyd (1997) identify three features important to achieve more
expeditious replication over wide areas:

* Community participation in local development. This generates a stake in the process
and enhances the prospects of effective and sustainable joint action. However, entirely
“bottom-up” proposals for improvements limited to the possibilities already known to
rural people will not suffice. The process must be open to the wider possibilities known
to outsiders and in a format for planning, implementing, and monitoring that allows
these outside agencies to verify that public funds have been spent properly.

* Support agency roles that allow the necessary degree of participation for interventions
to be planned and function adequately, but that at the same time are rapidly replicated. A
criticism of World Bank-supported watershed development, for example, is that despite
large amounts of funding on infrastructure, institutional arrangements are rarely adequate
to continue maintenance. On the other hand, long-term empowering approaches adopted
by some NGOs achieve institutional sustainability in individual villages at the cost of
extremely slow replication. A balance is required.

* A clear strategy for scaling-up. Expansion pathways for NGOs are often poorly defined.

Farrington and Boyd (1997) conclude that joint action and participation are central
to successful management of natural resources. Replication at any scale larger than a few
villages has to occur within a structured program and has to be based on multi-agency
partnerships. An alternative to the slow, long-term empowering approach does not emerge
from NGOs, meaning that the public sector must undertake exercises in consensus and program
building.

In only one setting, the Indo-German Watershed Development Program (IGWDP)
in Maharashtra state, India, did Farrington and Boyd (1997) find these preconditions clearly
defined at the program design phase (Appendix 2). Farrington and Lobo (1997) discuss the
institutional arrangements that have ensured the involvement of all stakeholders. They
conclude that the program has generated a technically sound, but at the same time participatory,
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watershed planning methodology, a coherent transition from capacity-building to full-scale
implementation, and a practical framework for field-level collaboration among state
departments, NGOs, and CBOs.

Improvements in production form only part of the IGWDP vision. In many respects,
a more important part is the strengthening of local people’s capacity to draw on civil society.
INRM involves essentially political questions within and between villages and with various
levels of the administration. Progress cannot be made through local-level resources alone.
Government provides technical support services and also much of the fabric necessary, in
the form of legal and administrative systems. Local organizations must be able to engage
with government in order to draw on these services and systems in ways that meet their
needs.

Lessons from common-property management (group management)
Common-property management must be linked to human welfare as the major motivating
force. The basic social requirement for achieving this is that the operative unit, the producer/
user community, should be small enough for households to participate meaningfully. The
question of scale is critical for community cohesion (Murphree 2000). The smallest social
organization above the household—the village community—should be able to meet regu-
larly to decide management issues, as was customary in traditional open governance. If a
community is too large or too dispersed for free discourse between members, it is preferable
that it divides into smaller entities, each of which is then represented by a coordinating body.
The economic requirement is that the producer/user community must benefit from its labor
through the sale of produce. This economic incentive provides the most important rationale
for managing the resource. The institutional requirements are security of tenure for specific
user groups, and regulations that evolve and are enforced locally.

Lessons from devolution of control for natural resource management
Williams (1998) and Murphree (2000) discuss the emerging problems of sustainable resource
management. Essentially, the challenge is to devise governance arrangements that are
supportive of the diverse needs of a variety of users, yet protective of the long-term productive
capacity of these resources. The requirement is for local regime independence within the
context of a larger, scalar interdependence. New and effective institutional arrangements are
needed. A growing recognition of this need is evident. In most countries, state property
regimes, in which government officials exercise exclusive decision-making powers, are being
de-emphasized in favor of decentralized and participatory management of natural resources.
The specific approach used to encourage active local participation varies from one country
to another. In some, it has taken the form of legislative reform of land tenure and natural
resource management policy conducted over time. In others, land-use planning based on
“village territories” has become popular. In all cases, governments have sought to clarify
tenure issues and to reinforce the rights of local communities to mange their resources through
granting legal recognition and decision-making authority.
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RECONCILING SECTOR TOP-DOWN AND BOTTOM-UP
APPROACHES

Van Zyl (1995) emphasizes that INRM must be people centered, but also states that:

To succeed in managing ... managers must be in a position to see the whole picture,
understand the resources, the customers, their needs and aspirations and to make
wise decisions in the interests of all. This requires a holistic approach to management
that integrates skills in engineering, economics, politics, social and environmental
management. It involves the bringing together of various disciplines and the
compilation and development of multidisciplinary teams of champions. Due to the ...
site-specific nature of (water) resources in terms of physical properties, land use and
people involved, it is not feasible to manage ... on a national basis without basing it
on logical management units. Because we are dealing with a natural resource, driven
by the hydrological cycle, it makes good sense to use river catchments as such units.

This is INRM as viewed from the top. Although this approach has many benefits,
the crucial elements missing are local ownership and the incentive to undertake any INRM
strategies that might be developed as part of this top-down approach. An alternative view is
from the bottom, whereby INRM is seen as a means of scaling-up community-based schemes
to the regional or catchment scale. This approach has advantages in terms of achieving local
ownership of the process, but it has disadvantages with regard to structure, regulation, and
equity. For example, communities developing projects in headwater catchments are unlikely
to put a high priority on ensuring that the resources of downstream users are not adversely
affected.

The key issue that emerges is the need to effectively link community-based projects
within larger, structured programs. Both are essential, but they must be implemented in a
package that meets in the middle (Fig. 5). INRM needs to occur through a structured program
that provides overall planning, coordination, and long-term financial support for activities at
regional or catchment level. Equally it needs to occur at the scale of the common interest
groups on contiguous areas of land whose boundaries may be administrative, social, or
physical. At this level, the essential features are the common interest group, the development
process that facilitates participation in joint action, and the structured program. The lack of
overlap between different physical areas and social groupings associated with the management
of different resources can be overcome by this approach, because INRM in this participatory
sense is at the scale of the common interest groups. When it is undertaken within a structured
program, INRM allows planning for downstream effects.
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Figure 5. In search of INRM.
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Bottrall (1992) discusses the dichotomy of simultaneously ensuring both “local ownership” and
equitable distribution and regulation of resources at the larger scale. He makes the point that
government departments address issues on a fragmented sector basis, and their attempts to
promote INRM tend to have high administrative costs (e.g., interdepartmental committees or
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new multisector units). By contrast, communities find it relatively easy to think and act holistically.
The administrative costs of INRM will be kept within acceptable limits only by devolving
significant management responsibility to CBOs and, wherever possible, NGO intermediaries.
The challenge is to effectively link government departments with each other and with local-
level organizations. Interdepartmental committees are a poor attempt, and falter where they are
not properly supported by resources specifically allocated by each department.

Government allocations to holistic INRM programs instead of to conventional
departmental top-ups would help to facilitate the necessary cross-sector interfacing. The
problems of cross-sector/interministerial collaboration should also be easier to overcome
through properly established decentralization. However, this requires adequate capacity,
especially at lower and middle levels, and genuine social empowerment through devolution
of authority, responsibility, and freedom to experiment (Murphree 2000). Authority and
responsibility for management must be vested together at the lowest appropriate level and
only delegated upward where absolutely necessary. Each level must be functioning properly,
and a missing level is essentially a block. Parachuting to community level, for example, as
many external NGOs do, will not help INRM go to scale.

Decentralization is thus a precondition for scaling-up, but equally, too much de-
centralization disperses authority and, simultaneously, any control over forms of authority.
Assigning increased authority and responsibility to local users without ascertaining the
range of functions of a resource, the diversity of interests among users, and the capability
of local institutions to take on these roles, will complicate rather than solve the problems
(Williams 1998). Governance arrangements for INRM must be an appropriate mix of local
and state institutions. The rights of individuals within legal entities are contractual ar-
rangements that do little to secure property rights in the absence of demarcation, registra-
tion, and records, all of which require an institutional framework located in and managed
by the state. Local institutions have a comparative advantage in dealing with resource use
and preservation issues at community level, but they vary widely in their organizational
and management capabilities. State institutions are needed to provide support for the for-
mation or strengthening of these local institutions where they are non-existent or weak.
Given the wide variety of users and the complex set of overlapping rights that are continu-
ously contested, the need for conflict mediation will be fairly constant. State institutions
will be important in resolving disputes and providing an appropriate legal framework to
support and enforce resource use agreements worked out by the different local groups
(Ostrom 1990, 1995).

NGO support

The NGO perception of scaling-up recognizes that it is about relationship-building. It is not
just replication of technologies or approaches, but expansion of principles and knowledge,
such that people build capacity to make better decisions and influence decision-making
authorities (Gonsalves 2000). In this respect, scaling-up has power and development
dimensions. However, the “learning-process” approach that is adopted generally proceeds
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through three slow stages: learning to be effective (with emphasis on building interpersonal
relationships); learning to be efficient (withdrawal from individual sites); and learning to
expand (but focused on local organizational development rather than broader policy and
institutional arrangements). The NGO approach tends to be: try a project, have success, then
think about scaling-up, including development of relations with the state and how to sustain
the momentum, both vertically across institutional levels and horizontally. As we have seen,
for local success to go to scale, collaborative planning from the outset between communities,
NGOs, and the state is crucial if social change and empowerment of people is to occur in a
meaningful and lasting way. The state and NGOs will need to undertake certain commitments
to help reconcile current top-down (predominantly technical) and bottom-up (predominantly
social/institutional) approaches to INRM (Table 3).

Table 3. Undertakings by government and NGOs to help bridge the gap between top-down and

bottom-up approaches to INRM (adapted from Gonsalves 2000).

On the part of Governments

On the part of NGOs

Provide a stable, supportive

and enabling environment

and a political culture which

allows democratic elections and rule of law
Provide long-term meaningful

support to INRM

Implement meaningful devolution of control
with institutional capacity building at middle
and lower levels

Avoid top-down community manipulation
and NGO tension by ensuring that programs
are led by and remain focused

on community priorities

Provide clear mandates

that allow NGOs to participate

Provide clear mandates among state agencies
Develop infrastructure for

disadvantaged communities

Provide appropriate technical support
Ensure independent monitoring

and evaluation and documentation

of lessons learned and best practice

» Forge strategic alliances to generate
impact on a large scale

Build up sufficient broad-based
community pressure to influence policy
Lobby politicians; invite them to see
what is happening in the field and how
this fits with their own mandates
Influence market forces and market
development

Encourage local champions

Help to construct a shared

vision for scaling-up

through active participation by all
Strengthen community knowledge
and skills in law, planning,

decision making, marketing,

team building, communication,
conflict resolution, natural resource
management

Strengthen community understanding
of the government system in the
scaling-up process

Build social capital (trust/cooperation
networks)
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The right type of initial development project

Delivery mechanisms now being used with relative success in Australia and India involve
financial incentives (Farrington and Lobo 1997, Campbell and Woodhill 1999), but few
developing countries have the same financial resources or political will as Australia and
India. Kerr et al. (1996) also believe that alternatives to subsidies should be sought in most
instances. For developing countries, approaches to INRM are needed that are appropriate
to the political setting and that are considerably cheaper. Linking INRM to rural development
is one option. However, certain types of development will be more effective than others
(Fig. 4). The ideal initial project will satisfy the three basic requirements (social, economic,
and institutional) of common-property management. It will focus on a resource of immediate
concern to the local people, and one that has the potential to generate meaningful income.
It will increase social capital by promoting collective responsibility. It also will build
community confidence and institutional structures that will help to address other natural
resource problems.

Rural water supply is an example of an ideal project for dryland areas. It is already
central to development in these areas, already attracts donor funds, and, in many countries, it
already brings together different ministries in an established institutional structure. These
are all-important ingredients in scaling-up. The social, economic, and institutional criteria
can then be met by developing productive water points (Waughray et al. 1998, Lovell 2000).
Unlike conventional water points, these are designed and implemented to provide sufficient
water for income-generating projects as well as domestic use. They are public water points,
and are implemented in a manner that empowers the local group to own the resource and
assume authority and responsibility for its management. Income from production creates the
incentive for this management and meets the operation and maintenance costs. In the longer
term, reinvestment of this income and the experience of successful collective action create
wider benefits to the local economy and the environment through diversification of livelihood
strategies and intensification of the farming system.

WHAT KIND OF INRM RESEARCH IS NEEDED?

When considering the contribution that research can make to INRM, one must recognize
that the concept itself is a research product, emerging from a series of studies investigating
different development paradigms. It has emerged as a model for a universally applicable
means of safeguarding the natural resource base and improving productivity. With the wisdom
of hindsight, few involved would now question this need for holism.

An important task for INRM research, therefore, is to test and subsequently transform
the hypothesis into proven principles that can, with confidence, be applied in practice. The
research effort should focus on bringing the INRM approach into operation and on generating
understanding by observation. This requires action-research to learn-by-doing within applied
INRM programs. The research should address major resource management problems in an
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ecoregional context. In order to address scaling issues, studies in each thematic program
should focus at two levels:

1. Strategic studies that increase knowledge of the preconditions for scaling-up and
contribute directly to policy formulation and institutional development. These will
concentrate on improved planning, helping to ensure that governments create the enabling
environment required to cope with the demands of applying INRM (e.g., piloting genuine
devolution where this is not yet enacted).

2. Specific interdisciplinary studies at nested scales that investigate key constraints or gaps
in knowledge. These will concentrate on the interconnectivity between scales and on
separating and evaluating the influence of factors that are natural and beyond the scope
of management (e.g., rainfall variability); reversible by changing local practices (e.g.,
land management); and external, in that they can only be changed by alterations in
policy and institutional arrangements (e.g., legislation, incentives, power relations,
resource tenure, civic education).

Table 4 illustrates these suggestions with an example of groundwater management.
The process starts with real problems, and how the big issues interact with local situations.
These interactions need careful analysis so that the concept of the system is clear before
participants embark on small-scale, community initiatives with naive expectations about
later scaling-up. How, and to what extent, do local problems perceived by resource users
relate to global (external) issues? What might need to change at the global level to achieve
large-scale, long-term success? How will activities at the local level actually contribute to
this? In many cases, the required temporal, spatial, and institutional scales of study will be
wide ranging.

NRRD (1998) notes that such different categories of research, and the several relevant
disciplines needed for comprehensive understanding, will require effective coordination and
management. The integration of relevant strategic knowledge from existing sector programs
will also be important, as will creation of reliable and enduring partnerships between
researchers in different disciplines and between institutions representing different stakeholders,
particularly those who will use the knowledge directly.

Although experimentation with scaling-up, community-based approaches that engage
multiple stakeholders has continued to grow, much of the experience has not yet been well
documented. Long-term monitoring and evaluation will be important for comparative analysis
to enable policy makers to synthesize lessons learned and identify principles that can be
applied across multiple sites. Education of farmers will also be key. Local resource users
generally possess inadequate scientific knowledge to complement their own indigenous
knowledge (Williams 1998). A weakness of participatory projects to date has been the lack
of scientific rigor in appraising impact. Many projects, from Africa to India, proudly attribute
indicators of improved management, such as an increase in grain yield or a rise in groundwater
level, to some desired change in social or human capital, such as enhanced sense of community
responsibility or improved traditional soil and water conservation. However, they fail to
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Table 4. An example of nested scales of interdisciplinary research to address scaling issues.

Problem Analysis: Groundwater decline is a key degradation issue in the 21st century. Aquifer levels
have fallen in recent decades in several major grain-producing regions of the world. This decline is
popularly attributed to groundwater mining. However, significant gaps in knowledge and understanding
of the processes of groundwater decline remain, and limit our identification and implementation of
appropriate management actions. This thematic research program will systematically address the issue
of groundwater decline in the ecoregions represented by the Punjab of India and the North China Plain.

Scales of investigation

Examples of strategic studies

Spatial/Institutional

Temporal
(projection in
some cases)

Pilot devolution of control for natural resource user-group; village; years
management, e.g., through environmental ward; council;

education, capacity-building, village government ministerial

Promote collective responsibility for groundwater water supply sector years

through programs that support group-based

activities and discourage private exploitation

With user groups, NGOs and government, user-group; village; years

apply knowledge gained in the related specific ward; council;

studies to develop and field test appropriate ministerial

technical, legal, financial, and institutional

incentives for effective management

Independent monitoring and evaluation as above years; decades
Examples of specific studies

Model the importance of spatial and temporal field, aquifer, wet year, average

variability of rainfall and land management to
the reported groundwater decline

micro-catchment,
river catchment

year, dry year, “20”
year cycle of
variability

Partition the decline to natural recession and
human use, and partition the natural recession

to deep flow, lateral flow and vegetation water use

field, aquifer,
micro-catchment,
river catchment

year

Simulate the impacts of increasing population
and changes in land use and climate

user-group; village;
ward; council; field;
aquifer; micro-
catchment;

river catchment

wet year, average
year, dry year,
“20” year cycle

of variability

Cost-benefit analysis of potential macro-
economic interventions e.g. import grain from
water-rich areas to reduce need for

local production

regional; “global”

years; decades
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acknowledge the complexity of the natural system or to account for important external factors.
INRM research has an important role to play in this regard, in both interpreting and supplying
information. The timely availability of appropriate information about the interrelationship
between different resources is critical for meaningful participation and decision making by
local organizations.

CONCLUDING REMARKS

A lesson to date in INRM is that there are no magic, generic solutions and no quick fixes. To
benefit many people across large areas requires considerable political will, investment, and
planning from the outset. It also takes time, as institutions, roles, and responsibilities evolve
and the slower variables change. Emphasis needs to be on long-term management of resources
at all levels, even though this may not be attractive to bureaucrats and politicians who want
another glittering initiative (Batchelor et al. 2000).

The process also goes far beyond simple, area-based extension or expansion concepts
envisaged by some NGOs. There must be demand for INRM at the local level, it should be
integrated with means of enhancing livelihoods, and it needs to be tailored to local conditions.
Nevertheless, account must be taken of the “global” as well as the site-specific causes of the
problems facing people and the environment (Turton and Farrington 1998).

Within individual scientific disciplines, the expertise exists to deal with these scaling
issues. In the development community as a whole, there is also experience of the considerable
challenges posed by integrated natural resource management. In this paper, five themes emerge
as principles in the search for a strategy that will help to ensure that integrated natural resource
management can be achieved successfully at scale:

* the political will to democratize and genuinely empower local communities;

* shared visions across all institutional levels, based on careful problem analyses;

* effective coordination of civil and professional science;

* commitment to a continuous and iterative learning process; and

* Jong-term (10-20 year) funding for research in tandem with organizational development.

These components raise important questions about how to create the necessary
political will, how to facilitate shared visions across all institutional levels, and who should
set research agendas. However, without these components, current top-down (predominantly
technical) approaches to integrated natural resource management, and bottom-up
(predominantly social/institutional) approaches, will remain de-linked, and we will continue
with the ineffectual structures and stratagems of “big government” and the well-meaning,
but piecemeal, attempts of “non-government.”
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APPENDIX 1

The CAMPFIRE Program, Zimbabwe

Although Zimbabwe’s natural resource governance structures and processes have for quite
some time been “big-government” type—sectorally insular and overcentralized—recent
reforms have created hierarchies that appear to address the scale problem. The country’s
flagship in participatory natural resource management is the Communal Areas Management
Program for Indigenous Resources (CAMPFIRE), in which communities are empowered to
manage wildlife and benefit from it. The program is based on the concept of the “producer
community” as the basic unit of social organization through which communities can be
empowered to manage local resources. The original idea was to focus on units at the subdistrict
level as the producer communities (R. B. Martin, unpublished report) but, in terms of
institutional scale, the program has been variously implemented at the levels of village
development committees (VIDCOs), ward development committees (WADCOs), traditional
villages, and even entire districts. VIDCOs and WADCOs are structures created under the
Prime Minister’s directive of 1984, purportedly to give a democratic orientation in the process
of planning for local development. However, they are demographically defined administrative
units superimposed on traditional villages with which they do not correspond in terms of
boundaries, membership, or roles. Although these units have each variously been assumed to
represent “community,” the “communities” in which the local people have had a major stake
in defining themselves and their roles and responsibilities have generally been associated
with greater success, particularly where relatively small (Peterson 1991).

APPENDIX 2

Preconditions for scaling-up, defined in the design
phase, in the Indo-German Watershed Development
Program, India

1. The setting of appropriate criteria for the selection of watersheds, villages, and local-level
NGO partners, and the design of local-level collaborative mechanisms

Technical criteria include: notable erosion, land degradation or water scarcity problems; villages
located in the upper part of drainage systems; watershed size around 10 km?; village boundaries
corresponding closely with those of the watershed. Socioeconomic criteria include: villages
poorer than average; no wide disparities in size of landholding; villages having shown a concern
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for resource conservation and having a known history of coming together for common causes.
As a condition for support, villagers must commit themselves to banning the felling of trees;
banning free grazing; undertaking social fencing to protect vegetation; reducing excess
populations of livestock; limiting water-intensive crops; contributing voluntary labor to a
value of 16% of the unskilled labor costs of the project (landless and single-parent households
exempt); starting a maintenance fund; setting up a village watershed committee. In the interests
of replication, the IGWDP decided not to work with larger NGOs inclined toward long-term,
empowerment-type approaches to group formation.

2. The design of village-level mechanisms for participatory planning, learning, and
implementation

Planning by agencies based on external maps failed. The approach subsequently developed
relies on consultations with farmers in their own fields, i.e., community mapping, in partnership
with external support agencies such as the Forestry Commission. A capacity-building phase
of up to one year is undertaken in which a small segment of the watershed (typically 100 ha)
is rehabilitated. Funds for this phase (up to US$16,000) are provided by the IGWDP through
its technical-support NGO.

3. Design of a sustainable mechanism for screening and funding individual proposals submitted
for watershed rehabilitation

The IGWDP has created mechanisms that channel funds to local organizations with as few
intermediate steps as possible. It has established a project-sanctioning committee headed by
the National Bank for Agricultural and Rural Development. The central role played by this
respected national organization in assessing and channeling finance to donor-supported
projects is a cornerstone of replicability. Also, local currency can be channeled through this
mechanism once foreign funds have dried up.

4. Mobilization of administrative and political support from the early stages

The IGWDP has focused on obtaining political support, first by inviting members of the
Legislative Assembly to visit successfully rehabilitated pilot watersheds, then to obtain a
Cabinet resolution implementing this devolution of control to village level through joint
forest management arrangements in the state.

5. Establishment of channels for drawing on technical expertise in the post-rehabilitation
period

The demand from communities for information and assistance to build on their initial success
and to start a range of new projects is facilitated in the IGWDP by a watershed organization
trust (WOT). This is a body of 29 staff, covering a wide range of social and physical subjects,
who help to put NGOs and CBOs in touch with relevant state departments. These links and
the go-between role of the WOT are vital.
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THE CHALLENGE

Support for research on natural resource management appears to be approaching a crisis.
Increasingly, questions are being raised as to whether this research can deliver the goods.
Some feel that it is more concerned with definitions and purity of process than with results.
Research on natural resource management must demonstrate its ability to benefit large numbers
of poor people across large areas within sensible time frames. The easy assumption that such
work is inherently site specific must be overturned. Put simply, we must meet the challenge of
accelerating the use of natural resource management practices that improve human well-being.

Integrated natural resource management (INRM) research can meet this challenge.
Decentralized initiatives, supported by effective institutions and guided by suitable information
management tools, can lead to the widespread use of suitable management options from
INRM research. This, in turn, can improve agroecosystem productivity and resilience, thereby
helping achieve the goals of poverty alleviation, food security, and environmental protection.
Behind this is the realization that policies, people’s behavior, natural resource management
practices, biophysical processes, and system outcomes are linked in cause-and-effect
relationships (Fig. 1). Specifically:

* policies, organizations, institutions, and rules affect the behavior of communities and
individual farm families;

* people’s behavior includes the selection and adoption of natural resource management
practices;

* these practices affect plant and animal growth and biophysical processes; and

* biophysical processes result in outcomes that have consequences for incomes, food
security, and resource conservation.

This paper discusses some of the concepts involved in and procedures for generalizing
and propagating the results of natural resource management research (“scaling out”), with a
few forays into the area of externalities and scale of analysis (“scaling up”). It features
examples of several methods and tools for accelerating the scale of geographical coverage
and impact of INRM practices. Most examples are drawn from collaboration between the
Centro Internacional de Mejoramiento de Maiz y Trigo (CIMMY T), known in English as the
International Maize and Wheat Improvement Center, and research partners in South Asia,
southern Africa, and Mesoamerica. Methods and tools illustrated include site similarity
analysis through geographic information systems (GIS), the linking of simulation models
with GIS, and farmer and land type categories. The selection of examples is illustrative and
does not aim to be comprehensive.

These examples show the tools being used in the context of a problem-solving process
that harnesses cause—eftfect links among policies and institutions, farm-level practices, plant
and animal growth, biophysical processes, and impacts and outcomes. Strengths and
weaknesses of the different methods and tools are discussed.
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Figure 1. Integrated natural resource management research furthers the goals of the
Consultative Group on International Agricultural Research (CGIAR): food security, poverty
reduction, and environmental protection.
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Finally, it is argued that these tools are most useful when they provide information in
the context of a bottom-up learning process to a wide range of stakeholders who need this
information to make decisions. They should never be used for the mere mechanical
extrapolation or replication of particular practices.

A PROBLEM-SOLVING APPROACH

Research on integrated natural resource management (INRM) must be capable of solving
problems (or seizing opportunities) in ways that improve livelihoods for the poor while
conserving resource quality and protecting the environment (Ashley and Maxwell 2002,
Costanza and Jorgensen 2002). Understandably, INRM researchers may wish to apply a
problem-solving approach (Tripp 1991). Within a problem-solving process, we can distinguish
among problem sets, causes, intervention points, and measurement tools.
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Problem sets are situations in which agroecosystem performance, i.e., the processes
that affect the resource quality or the environment, is unsatisfactory. Examples include low
agroecosystem productivity, excessive resource degradation and environmental pollution, low
levels of environmental services, low agroecosystem biodiversity, reductions in soil fertility,
unsatisfactory water quality for consumers, and excessive greenhouse gas emissions. These
problems can be characterized in terms of their costs and consequences, spatial and temporal
incidence, and pace of change. They can be recognized and defined by farmers, communities,
nongovernmental organizations (NGOs), scientists, and/or policy makers.

Causes are the factors that drive or contribute to problem sets. Typically, many causes
at several levels are at work. Causal chains can be long and complex, linking policies,
institutions, farmer or community behavior, biophysical processes, and their consequences
for livelihoods and the environment (Michaelidou et al. 2002). In other words, policies and
institutional arrangements affect people’s behavior, people’s behavior affects plant and animal
growth and biophysical processes, and biophysical processes result in outcomes that cause
changes in system productivity and resource and environmental quality.

Chains of cause and effect typically link different scales of analysis (Kolavalli and
Kerr 2002). For example, regional policies on the burning of crop residues may influence
mulch management at the farm level, affecting soil water and organic matter levels and
fractions and rates of erosion at the plot level, with consequences for water quality in the
watershed as well as for crop yields and family incomes at the farm level.

Intervention points are opportunities for addressing the problem set. They are not
restricted to new farm-level technologies; they may also include changes in policies and
institutional arrangements, e.g., rules governing community forest management. However,
policy change as an intervention is most effective when cause-and-effect relationships are
clear, that is, when there is a reasonable likelihood that a change in policies or institutions
will modify farmer or community behavior in ways that lead to desired changes in biophysical
processes, system productivity, and environmental and resource quality. Interventions, then,
can be at any level of analysis: plot, farm, community, watershed, or region. They may be
developed by farmers via farmer experimentation, by scientists, by policy makers, or by the
private sector (Douthwaite 2002). Early successful interventions have been referred to as
“sparks” (Consultative Group on International Agricultural Research 2000).

For example, a problem set may revolve around the siltation of the lowland irrigation
infrastructure, leading to substantial productivity losses and heavy public investment in
renovation. Causes may include heavy erosion from upland areas driven by policies that
encourage communal livestock grazing of crop residues, thus reducing incentives to use
these residues as a soil cover. An intervention point might feature policy changes to foster
modifications in grazing practices that encourage the use of crop residues as a soil cover
mulch to reduce erosion and ameliorate the original problem of siltation.

Finally, measurement tools allow us to understand cause-and-effect links, trace and
even anticipate the consequences of interventions, and understand biophysical processes at
any scale of analysis. Indicators of sustainability fall into this area, as do most modeling
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approaches. In this vein, ecosystems analysis provides an analytical framework that makes it
easier to understand the consequences of changes in both short- and long-term states at a
range of scales (Craig et al. 2002, Luzadis et al. 2002, Lovell et al. 2002). The processes can
be linked conceptually within a framework (see Fig. 2), and the effects of given scenarios can
be quantified using simulation models linked to spatial and temporal databases through GIS.

Figure 2. Biophysical processes at different scales of analysis. SOM stands for “soil organic matter.”

Landscape

A

>

Biogeographic
regions

-

Agroecosystem

< S

Region

>

Pest biogeography

<

Pests-host

Crop/tree/pasture

Farm

<

_ _ Above- and
Soil nutrients, below-ground 2]
SOM, water pests g
5
c
]
c
Ny g
[an Soil organisms
Micro

143



Delivering the Goods: Scaling Out Results of Natural Resource Management Research

Of course, most models still need to be refined in the critical areas of edaphic and pest (insects,
pathogens, and weeds) interactions and constraints. Ecosystems analysis can provide two
critical services at relatively minor cost: (1) assessment of both genetic and environmental
productivity and sustainability and (2) a framework for impact assessment and the definition
of problem—cause relationships, especially those involving biophysical processes, and how
those relationships affect system productivity and sustainability. INRM will fail if we do not
have a problem focus and include plenty of work to identify intervention points; we cannot
simply conduct academic work on measurement tools.

SIMPLE INTERVENTIONS IN COMPLEX SYSTEMS

Natural resource management practices as implemented by resource managers such as farmers,
communities, fishers, and forest dwellers are typically complex. Rules governing the use of
land and water resources or forest or fishery stocks are usually complicated and difficult for
outsiders to understand. However, intervention points, including new technologies or practices
for resource use, can be relatively simple. Interventions are usefully seen as options or
alternatives for exploration by resource users, who can best judge the attractiveness of an
option by testing it under local circumstances.

However, even for simple interventions the consequences of widespread adoption
can be hugely complicated. The introduction of relatively simple options can significantly
change farming or resource management systems and their accompanying biophysical
processes and system outcomes.

For example, farmers who deal with irrigated crop systems use complex practices to
manage soil fertility and water quantity and quality. These include managing crop residues,
fertilizers, and farmyard manure; arranging for biomass transfer from outside the farm;
choosing alternative fuels for household use; deciding among alternative uses for canal and
tubewell water; making decisions related to the timing and frequency of irrigation; and
selecting crops for well-drained vs. poorly drained areas, among other things (Fujisaka et al.
1994). However, the introduction of a relatively simple practice such as zero-tillage crop
establishment can improve the timeliness of sowing, increase the efficiency of water and
nutrient use, reduce water pumping, stop groundwater depletion, reduce fuel use, drastically
lower carbon emissions, change crop rotations to take advantage of the earlier grain-crop
sowing, and change soil chemistry and soil health via new rotations (Hobbs and Morris
1996). Some of these consequences, e.g., changes in the quality and quantity of groundwater,
may become apparent only at higher scales of analysis.

A good understanding of ecological, biophysical, economic, and social processes is
needed to anticipate, model, assess, and manage such changes. Otherwise, farmers and
scientists alike can only react to changes as they unfold.
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THE NOTION OF SCALE

The role of integrated natural resource management (INRM) in “delivering the goods,” that
is, in fostering improvements in the livelihoods of large numbers of the poor, is often referred
to as scaling out. This phrase conceals as much as it clarifies, because the notion of “scale”
is perceived in many different ways, among them:

* scale of analysis: from plant to plot to farm to watershed to region;

* scale of intervention point: high-level interventions such as policy changes, adjustments
in institutional arrangements or property rights, and the fostering of collective action vs.
lower-level interventions such as farmer experimentation or extension for specific
practices;

* scale of investment in intervention strategies: small vs. large investments in extension,
farmer experimentation programs, or efforts to provide information to policy makers;

* scale of community empowerment: the number of communities able to undertake their
own research and adaptation through processes for local learning;

* scale of geographical coverage of an INRM practice: whether it is limited to a village or
watershed or has attained regional or national relevance;

* scale of impact: for example, the extent to which desirable outcomes, e.g., improved
system productivity and resource quality, have been achieved through INRM research.

In principle, these scales are linked. Greater impacts are generated from higher levels
of investment in suitable intervention strategies, or from more efficient use of these investments
through greater reliance on community empowerment, leading to expanded geographical
coverage of suitable practices.

This paper focuses on ways to augment and accelerate the scale of geographical
coverage and impact of INRM research. It emphasizes efficiency and effectiveness in
generalizing and propagating research results through the replication, dissemination, and
adaptation of technologies or practices. These technologies may comprise plausible promises,
malleable prototypes, or well-defined practices (Douthwaite 2002). If INRM research products
are not scaled out, we will have failed in our goal of contributing to poverty alleviation, food
security, and environmental protection.

Sometimes, though, to augment and accelerate INRM research impacts, we must
also assess and manage positive or negative externalities, unexpected complexities, or
unintended consequences that emerge at higher scales of analysis from the widespread adoption
of new resource management practices. This is because consequences that emerge only at
higher scales of analysis may either reinforce or undermine the desired outcomes. For example:

* improved efficiency of water use at the plot level may not, in fact, lead to improved
water use at the level of the whole irrigation system;
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¢ changes in land use or crop management on hillsides may improve or possibly downgrade
the quantity and quality of water available to downstream users;

* more efficient fishing practices used by one person may destroy fish stocks if used by
everyone;

* Jocal rules and incentives may be undermined by regional or national policies; and

* institutions that seek to control rather than manage biophysical processes may not foster
adaptive capacity, possibly exacerbating rather than solving problems.

Effective scaling out, then, also requires attention to the other notions of scale: scale
of analysis, scale of intervention point, and scale of community empowerment.

SCALING OUT AND COMMUNITY EMPOWERMENT

Much current thinking on scaling out integrated natural resource management (INRM) research
steers clear of the notion of spatial extrapolation of specific practices. Rather, the emphasis
is on community empowerment and scaling out as a learning process. A recent workshop
report (Consultative Group on International Agricultural Research 2000) describes this well:

It is not technologies that are scaled up, but processes and principles behind the
technologies/innovations. This is consistent with the belief that scaling out is not just
replication but adaptation and learning that is flexible and interactive ... Scaling out
is really about people—of communicating options to people, of a balance between
introducing options and involving farmers’ ability to adapt to changing contexts ...
Scaling out as a development process rejects the cookie cutter approach. [1t] ... achieves
large numbers and wide area coverage through multiplication with adaptation ...

We agree with these conclusions. Bottom-up farmer experimentation and community
empowerment are fundamental to scaling out INRM practices. However, these bottom-up
approaches will be more effective when their outcomes are widely shared. Surely farmer
experimenters are likely to be interested in trying out exciting practices developed in similar
communities facing similar problems.

Although scaling out is largely a bottom-up process whereby research outcomes are
widely shared, our experience suggests that the use of information technologies such as the
methods and tools described below can help “smarten” and focus the process.
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ELEMENTS OF SCALING OUT

What can be done to foster the effective scaling out of suitable natural resource management
practices? We suggest some activities below, several of which involve improvements in human
and social capital.

* Generate more attractive products. Regardless of how it is done, scaling out is easier
when practices are less risky and more profitable, and meet other resource management
objectives. Participatory research increases the chance of identifying attractive options.

* Balance supply-driven approaches with resource-user demands. Demands from resource
users must influence the kinds of resource management options developed through
research and the kinds of options to be scaled out. However, they cannot express a
demand for practices with which they are unfamiliar. Scaling out, then, must include
ways for users to become familiar enough with new options to judge their attractiveness
under local conditions.

*  Usefeedback to redefine the research agenda. As information accumulates on technology
performance and attractiveness and how policies and institutions influence them,
integrated natural resource management research can and should be adjusted accordingly.

*  Encourage support groups and networks for information sharing. Community groups,
cross-community networks, alliances of networks, study tours, and scientific exchanges
can all can help resource users as well as scientists better understand the performance of
alternatives and options under different conditions.

* Facilitate negotiation among stakeholders. With multiple-function, multiple-user
resources, trade-offs in resource use may lead to conflicts among stakeholders.
Negotiation and conflict management among stakeholders may be helpful in resolving
conflicts and encouraging the use of suitable practices.

* Provide information of use to those who are establishing policies and developing
institutions. Scientists can provide helpful information for policy formulation and
institutional development. For example, if adaptable institutions are needed to review
new resource management practices, this should be made clear. Policy makers may
welcome new information on how resource management practices can help them meet
economic and social goals. New policies and institutions can influence human behavior,
including technology adoption.

*  Make sensible use of information management tools such as GIS and modeling. When
practices that raise agroecosystem productivity, improve resource quality, and ameliorate
environmental consequences are discovered or developed, there is an understandable
interest in seeing that these practices or their adaptations are used more widely. Adding
a spatial dimension to the problem-solving process can help make this happen. This
results from the simple recognition that practices may be equally attractive to different
farmers or farming communities that face similar problem sets, are driven by similar
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causes, and are governed by similar factors with regard to adoption behavior. This is not a
plea for top-down mechanical extrapolation of technology; rather, it is the recognition that
stakeholders can use the information provided by spatial analysis when making decisions.

For example, in a certain community, a green manure cover crop may smother weeds,
free up labor, improve water use efficiency, reduce the need for external inputs, raise yields,
and improve farm family livelihoods. Research may suggest that this practice is most attractive
in locations where the cover crop is climatically adapted, soil fertility is within a certain
range, land use intensity is low (allowing a cover crop/grain crop rotation), and marketing
margins are high (making external input use unprofitable). Spatial analysis that combines
data on the climate, soils, population density, crop distribution, and transport infrastructure
can identify large areas in other communities that might benefit from this practice. This
outcome can be shared with NGOs, research and extension institutions, farmer groups, and
policy makers for use as they see fit. This may encourage NGOs or farmer groups to experiment
with and adapt the practice, or at least to evaluate its attractiveness under local conditions.

INFORMATION MANAGEMENT TOOLS FOR SCALING
OUT: EXAMPLES

The following sections provide examples of information management tools of potential use
in scaling out integrated natural resource management (INRM) practices. Most examples are
drawn from CIMMY T’s collaboration with a range of partners in South Asia, southern Africa,
and Mesoamerica. The selection of examples is illustrative, not comprehensive. The methods
and tools discussed include site similarity analysis through GIS, the linking of simulation
models with GIS, and the use of farmer and land type categories. Although, in most instances,
the tools and methods show considerable promise for use in scaling out INRM practices, on-
the-ground experience remains insufficient. The strengths and weaknesses of these methods
and tools are presented in Table 1.

Site similarity analysis through GIS
A recurring question in efforts to scale out promising interventions is how a practice
developed at one location will perform over a broader range of environments. Geographic
information systems (GIS) can address such concerns, allowing scientists to share relevant
results with colleagues elsewhere, to find new sites for testing and adapting discoveries,
and to design more effective research programs. One simple GIS-based approach is to
identify areas that are similar to a given location, using criteria relevant to the problem at
hand (Corbett et al. 1999).

To identify regions suitable for the introduction and adaptation of wheat production
practices that might show promise for conditions in Bolivia, a GIS was used to identify sites
similar to key research locations in the country’s two major wheat system environments
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Table 1. Relative strengths and weaknesses of tools and methods for scaling out.

Tool or method Strength Weakness

» Simple tools available.
» Conceptually accessible.

Site similarity analysis. * May over-simplify.

* Criteria for similarity often

subjective.
Interfacing GIS with models. * Allows examination of time * Dependent on quality
trends, including climatic risk. of data.
» Can express outputs in * Dependent on quality
terms of specific variables of model.

of interest to stakeholders.

* Requires specialists
to implement.

Land type and farmer
categories.

Outputs are conceptually
accessible.

Outputs can be used by
extension workers and farmer
experimenters.

* Outputs may be too
subjective.

» Data acquisition is labor
intensive.

* May ignore interactions

across land types within
a household.

Participatory extension;
e.g., whole family training.

Outputs are readily
accessible to farm families.
Can be scaled up in terms
of organizational capacity
required for implementation.

* Deals only with the family as
a unit, does not extend
to collective action at the
community level.

* Does not have an explicit
spatial dimension.

(Hodson et al. 1998). In the highlands, wheat is grown on summer rains in numerous valleys
and small plateaus. In the eastern lowlands, the crop is sown on residual soil moisture as
temperatures drop and become more favorable for wheat. Zones of similarity were defined
using the GIS-based Spatial Characterization Tool (Corbett and O’Brien 1997) by specifying
the latitude and longitude of a given research site and then selecting criteria for similarity
based on ranges of precipitation, potential evapotranspiration, and temperature. For the
highlands, zones were based on the favorable 5-month growing period, and for the lowlands,
the coolest quarter was used.

There were scattered zones of similarity in the highlands of Bolivia, Peru, Colombia,
and Venezuela. Extending the analysis to Mexico, Central America, and Africa resulted in
the identification of additional areas with similar climates, notably in Mexico and Ethiopia
(Fig. 3). For lowland sites, the largest regions outside of Bolivia were in two substantial but
disjunct areas of eastern and southwestern Brazil. To extend the analysis to a complete farming
system scenario, similarity zones for the rainy season were identified to account for the times
when crops such as maize, cotton, and soybean were normally sown and harvested. This
allowed researchers to narrow regions of similarity to a single area in eastern Brazil (Fig. 4).
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Figure 3. Zones of Bolivia, Peru, Colombia, and Venezuela that are climatically similar to two
Bolivian highland wheat production sites for the 5-month optimal crop growth period (+ 20% similarity
for precipitation and evapotranspiration, + 10% similarity for maximum and minimum temperature).
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Figure 4. Zones that are climatically similar to the lowland wheat production site, Paraiso, Bolivia,
for the coolest quarter of the year, the 5-month optimal crop growth period, and the intersection
zone of both.
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This specific analysis has yet to be tapped to scale out INRM practices. However, it
has now become clear that researchers and farmer experimenters in the defined areas of
Bolivia, Brazil, Mexico, and Ethiopia are addressing similar problem sets with similar
interventions, and would benefit from sharing research information and results.

In a different application and on a different scale, farmer experimenters in the Mixteca
region of southern Mexico, one of the country’s poorest areas, used site similarity analysis to
identify locations elsewhere in Mexico with climate and soil conditions similar to their own
(Fig. 5). This information was then used to plan a study tour of research and farmer
experimentation in these similarity areas. The farmers returned home with several ideas that
they have begun to test, among them the use of crop residue mulches and drip irrigation for
fruits and vegetables (J. C. Velasquez, 2000, unpublished manuscript).

Figure 5. Areas throughout Mexico that possess climate and soil conditions similar to
those of Nochixtlan, a village in the Mixteca region.
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Interfacing models with GIS
More complex comparisons may be beneficial to address some situations. Stakeholders may
want to examine trade-offs for different scenarios. For example, are the productivity gains
from conservation tillage likely to entirely offset the value of crop residues for animal feed?
How will system performance vary over time, particularly in extremely dry or wet years?
Process-based simulation models can “grow” a virtual cropping system over many
seasons, quickly and inexpensively. The output, in effect, extends the reach of science beyond
the practicable time horizons of most research programs, while making it possible to examine
variables that are difficult or costly to monitor at the field level (e.g., nitrogen leaching and
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volatilization). By interfacing GIS with simulation models, researchers can develop simulated
performance surfaces that portray the likely biophysical consequences of a technology over
space and over time (Hartkamp et al. 1999).

Using this approach, CIMMYT scientists examined how the performance of
conservation tillage with residue retention might vary over space and time in western Mexico
(Hartkamp 2000). Two key factors in the simulations were weather and soil type. Through
collaboration with the International Fertilizer Development Center, a residue retention module
was added to the Decision Support System for Agrotechnology Transfer suite of crop models
(Tsuji et al. 1994).

Outputs from simulations (Fig. 6) were compared with experimental results and
with the researchers’ own experiences. Using the resulting maps, researchers and decision
makers were able to assess the simulated effects of conservation tillage on run-off and erosion,
organic matter, soil structure, and moisture conservation. For each soil type, maps produced
using the simulations show differences across the region in the biophysical performance of
the practice. Impacts can be expressed in terms of various factors, including yield, stability,
biomass, and the organic carbon and nitrogen use efficiency of the soil. The methodology
thus shows promise for providing information for a range of stakeholders; the maps and
other outputs can help NGOs, farmer groups, and researchers determine where conservation
tillage may be most appropriate for farmer experimentation and adaptation.

Figure 6. Simulated 12-year average for maize grain yields under a conservation
tillage system (maize-fallow with 33% residue retention) in the state of Jalisco,
western Mexico, produced using Decision Support System for Agrotechnology
Transfer models linked to geographic information system databases.
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Land type and farmer categories

The GIS-based applications described above emphasize regional, national, or international
comparisons that can be used to guide scaling out. However, more modest tools and methods
that feature comparisons across farms can serve the same purpose. It has long been known
that many farmers recognize different land types within a farm. These land types frequently
follow the toposequence. When problems, causes, and intervention points are specific to land
types, scaling out activities can be guided by the typology. When land types are replicated
across large areas of the landscape, efficiencies in scaling out can be considerable. Often, of
course, farmers with different resource endowments use different management practices for
the same land type. Consequently, measures to foster scaling out must also consider farmer
categories and cross-land type interactions within farms.

In the rice-wheat systems of the Indo-gangetic Plains, rainfall, water control, and soil
texture tend to follow an east—west gradient. However, water control and soil texture in specific
locations are also influenced by land type, i.e., lower, middle, and upper terraces, within a
toposequence. Even though a land type may be known by different local names in different
parts of the Indo-gangetic Plains, its characteristics, uses, and management are often similar
(Harrington et al. 1993). Lower terraces are characterized by heavier soils and relatively poor
drainage and are more likely to be devoted to long-duration, traditional rice cultivars. Middle
terraces have somewhat lighter soils and fewer drainage problems and are typically sown to
modern rice and wheat varieties, at times mixed with other crops. Upper terraces have the
lightest soils of all and tend to have greater agroecosystem species diversity. Here rice and
wheat are sown, as well as pigeonpea, sugarcane, and vegetables.

The usual problems of rice—wheat rotations in the Indo-gangetic Plains, in particular,
late sowing, high costs for tillage and establishment, low water and nutrient use efficiency,
soil fertility decline, reduced agroecosystem species diversity, salinity and sodicity,
waterlogging, and excessive water pumping leading to groundwater depletion, unfold
differently in each land type. Similarly, intervention points change across land types but also
by farmer category.

To give one simple example, it has become clear that the establishment of wheat
after rice is best performed by inverted-T, zero-till seed drills drawn by four-wheel tractors
for larger-scale farmers and on upper terraces. However, for smaller-scale farmers on middle
and lower terraces, wheat establishment typically is best performed by surface seeding (Hobbs
etal. 1998). In this practice, presoaked, pregerminated wheat seed is broadcast into a standing
rice crop as water is being drained off. The presoak is a manure slurry that makes the seed
unappetizing to birds. If the timing is right, soil moisture substitutes for tillage in reducing
soil strength, so that roots follow the water down the profile. In both zero-till and surface
seeding, there is considerable room for farmer testing and local adaptation.

In another example, farmers in southern Zimbabwe distinguish among “vlei” bottoms
(wetter areas where rainfall accumulates through natural drainage), homestead gardens (with
soils that benefit from crop residues, leaf litter, household waste, and farmyard manure), and
toplands (with soils of low fertility and low water-holding capacity, relatively distant from the
household). These different land types are managed very differently with respect to crop
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selection and rotations, the application of organic and inorganic fertilizers, soil fertility
management, and so on (Z. Shamudzarira and C. Vaughan, 2000, unpublished manuscript).
In addition, farmers with many draft animals manage land types differently from farmers
with few draft animals. Nevertheless, these land types and farmer categories are replicated
across much of southern Zimbabwe and adjoining areas of South Africa and Mozambique.

Exciting practices for addressing important problems, once characterized in terms
of land type and farmer category, can be shared widely with farmer groups, NGOs, researchers,
and other stakeholders in areas where these same land types and farmer categories prevail.
Once again, the intent is to make the exciting practices available as new options to be mixed
into local learning processes, not just for “cookie-cutter replication.”

A FEW WORDS ON EXTERNALITIES

The heart of scaling up is anticipating, modeling, monitoring, and assessing positive or negative
externalities, unconsidered complexities, or unintended consequences that emerge at higher
scales of analysis from widespread scaling out, and then contributing to the management of
these factors. This may require the use of implicit, explicit, or even mathematical models and
an understanding of the interactions among humans, institutions, and ecological processes.
In a very real sense, an understanding of consequences “at scale” can be used as feedback to
redefine the elements of scaling out to minimize undesirable externalities.
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ABSTRACT

Two case studies are presented in which models were used as focal tools in problems
associated with common-pool resource management in developing countries. In the
first case study, based in Zimbabwe, Bayesian or Belief Networks were used in a
project designed to enhance the adaptive management capacity of a community in a
semiarid rangeland system. In the second case study, based in Senegal, multi-agent
systems models were used in the context of role plays to communicate research findings
to a community, as well as to explore policies for improved management of rangelands
and arable lands over which herders and farmers were in conflict.

The paper provides examples of the use of computer-based modeling with
stakeholders who had limited experience with computer systems and numerical analyses.
The paper closes with a brief discussion of the major lessons learned from the two
independent case studies. Perhaps the most important lesson was the development of
a common understanding of a problem through the development of the models with
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key stakeholders. A second key lesson was the need for research to be adaptive if it were to
benefit adaptive managers. Both case study situations required significant changes in project
orientation as stakeholder needs were defined. Both case studies recognized the key role that
research, and particularly the development of models, played in bringing different actors
together to formulate improved management strategies or policies. Participatory engagement
with stakeholders is a time-consuming and relatively costly process in which, in the case
studies, most of the costs were borne by the research projects themselves. We raise the
concern that these activities may not be widely replicable if such costs are not reduced or
borne by the stakeholders themselves.

KEY WORDS: adaptive management, Bayesian belief networks, developing country, dynamic
modeling, multi-agent systems, participatory modeling, semiarid rangeland, Senegal,
spidergrams, Zimbabwe.

INTRODUCTION

At the interface between natural and social dynamics, environmental research is tackling
development problems by examining questions that relate to resources and externalities.
These include the management of renewable resources, externalities of production
(pollution, effluent, etc.) and areas with multiple uses. Natural dynamics are composed of
numerous interwoven processes involving different resources at different spatial and
temporal scales. Social processes involve different stakeholders at various levels of
organization, ranging from individuals or communities that use resources and spaces to
large development institutions. The issues focus on the regulation of resource use, which
is adapted to natural dynamics, through the application of economic, legal, or institutional
management tools. In each of the cases presented here, the issues were related to problems
of collective management where ecological processes have to be reconciled with social
processes for resource use.

Public administrators, NGOs, researchers, agriculturalists, and migrants have
different representations of the system. The management of natural resources is a collective
learning problem. Models may be used to focus discussions on cause-and-effect connections
between behavioral and interaction rules and the resource dynamics. The question is how to
use these models.

Recent research in the smallholder sector of Zimbabwe and elsewhere has
demonstrated the great complexity of these production systems based on natural resources
(Fresco 1986, Scoones 1996, Cumming and Lynam 1997, Campbell et al. 2002, Cain et
al. in press). Multiple stakeholders seek to satisfy multiple and often competing objectives
using resources that are both spatially and temporally variable. To further add to the
complexity, the resource users in these systems often function within diverse institutional
circumstances, mixtures of quasi-private through common-pool resource management
regimes that are established and maintained by mixtures of traditional, locally elected,
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and central government authorities (Cumming and Lynam 1997, Beaulieu et al. 2002,
Michaelidou et al. 2002). At the same time, it has become increasingly clear that for
development-oriented initiatives to achieve their objectives, the key stakeholders in the system
must be involved in all stages of the process, from problem identification through the
implementation of solutions (Chambers 1983, van Noordwijk et al. 2001).

Faced with such daunting complexity, many have advocated an adaptive approach
to managing ecological systems (Holling 1978, Walters 1986, Rogers and Bestbier 1997,
Oglethorpe 2002). Much of the stimulus for advocating an adaptive approach is the recognition
that it may not be possible to collect and analyze sufficient data to adequately understand the
system of interest (Walters 1986, Johannes 1998).

Dynamic modeling is a key component of the adaptive management process and
serves three core functions, as identified by Walters (1997). First, it seeks to clarify problems
and improve communication among stakeholders; second, it facilitates the screening of
management or policy options to eliminate unworkable solutions; and third, it identifies
critical knowledge gaps. However, in the context of smallholder managers in developing
countries, where most managers have no history of interaction with computer systems and
have limited or no mathematical abilities, modeling is a complex challenge on its own.

Two modeling approaches are presented:

1. Bayesian or Belief Networks (BNs; Jensen 1996) provide a probabilistic and relatively,
although not entirely, static representation of the relationships between input variable
states and the states of the variables of interest, and have proven useful in natural
resource management situations (Varis 1997, Cain et al. 1999, Cain et al. in press). This
approach was used in the Zimbabwe case study.

2. Multi-agent systems (MAS, also called agent-based simulation) provide a useful
modeling framework in systems consisting of a large number of agents who interact
with each other in various ways (Holland 1995). In these models, the agents change
their actions as a result of events in the process of interaction. The behavior of the
whole system depends on these interactions between agents, which can be represented
inamodel. MAS are used to set up spatial models, which integrate social and ecological
dimensions (Bousquet 1994, Barreteau and Bousquet 2000, Janssen et al. 2000, Kohler
and Gumerman 2000). The aim of the modeling experiment was not to represent the
whole system, but to build and test theories. Complex dynamics may emerge from
simple rules.

In this paper, we present the results of independent case studies, carried out in
Zimbabwe and Senegal, that have used different modeling activities to facilitate communication
between scientists and participating communities, and also to explore options for improved
resource use. It is important to emphasize that, in the contexts in which these case studies
are presented, the models were used more as part of a process of developing and exploring
a common understanding of problems and possible solutions. They were not designed to be
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highly validated, predictive models in the sense in which systems models are usually developed
and used. We are not aware of other examples in which local people, who have no history of
computer-based modeling, have been involved, not only in the use of computer models, but
also in their development. The paper begins by presenting a simple conceptual model of the
adaptive management process that will guide the later presentations. Thereafter, results of
field experiences in Zimbabwe and Senegal are presented in relation to this model. In the
final section of the paper, the lessons learned from these experiences are presented in relation
to the opportunities and constraints that might hinder or improve the effectiveness of adaptive
change agents in the future.

THE ADAPTIVE MANAGEMENT CONTEXT

In this section, we provide a brief outline of the process of adaptive management as a
context for the modeling processes described in the case studies. Adaptive management is
generally accepted as a continuously iterative, learn-by-doing process, in which objectives,
activities, monitoring protocols, and evaluative procedures are established and then refined
as new information is gleaned from the experimental manipulation of structures or processes.
In order to simplify the discussion in this paper, we condense this set of processes into five
sets of activities: Problem formulation (including needs analyses and setting system
objectives); System understanding (including modeling the system to locate key leverage
points or to identify optimal activities or designs as well as the selection of actions to be
taken); Action (those activities undertaken to achieve the objectives); Monitoring and
evaluation (including all observations and evaluation of system performance in achieving
objectives); and Updating. The last set of activities explicitly recognizes that adaptive
management calls for continuous and careful updating of each set of activities. In the context
of the work presented here, the adaptive management process is seen as distinctly nonlinear;
refinements and improvements in any of the stages can, and indeed should, happen at almost
any stage of the process.

It is important to recognize that learning by doing is a long, time-consuming process.
In some cases, it may have negative consequences, which implies a risk to the participating
stakeholder. Often there is no possibility of repeating particular trials or experiments. Therefore,
modeling and simulation can play important roles in each set of activities in the adaptive
management process. Models provide an important tool when it comes to clarifying the nature
of a particular problem. Both case studies in this paper reflect the use of models in this mode.
Perhaps the more common view of models in systems activities and in formal system analysis
is in their role of representing current understanding of the system, and then being used in a
predictive mode to identify key intervention points or activities as well as key gaps in
understanding. Instead of prediction, models can also be used for communication and mediation
in a collective decision-making process (Bousquet et al. 1999). Although models may not play
a direct role in the actions themselves, they do form the stimulus—response framework, which
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guides the nature of the actions and their implementation. Models play an important role in
devising monitoring protocols as well as in providing a useful set of evaluative tools to suggest
when critical thresholds or conditions are likely to be reached or exceeded.

The more formal modeling tools presented in this paper are by no means the only
useful representations. They represent a small sample of potential models and model
applications. Perhaps their importance, however, lies in their use in a developing-country
context and where they are having a significant impact on the direction taken in the described
development projects.

CASE STUDIES

Zimbabwe: Participatory development of vegetation resource
management strategies

In the Zimbabwe case study, a collaborative research project was initiated in early 2000 with
the community of Mahuwe Ward, Guruve District, a semiarid area, of about 400 km?, in the
eastern Zambezi valley of Zimbabwe. The project’s objectives were the design of management
strategies for the common-pool vegetation resources that would improve productivity in
terms of the supply of livestock feeds as well as other goods and services that households
use (e.g., timber, wild fruits, thatching grass). A major objective of the donor funding the
project was the development of a replicable approach to improving management of common-
pool vegetation resources. Recognition of the failure of so many similar development initiatives
prompted the Zimbabwean research team to ask themselves what would most meaningfully
contribute to the sustainability and replicability of their initiatives. The answer was obvious:
enhancement of the capacity of local managers to manage adaptively. As a consequence, the
project shelved many of its pre-determined objective and activity sets, and focused instead
on how to enhance local adaptive capacity.

A community-based coordination committee was formed, drawing on local leaders.
Each village in the community was asked to select two local informants, called “Village
Representatives,” as well as a communications team member. Different experts were called
in to assist with any one particular stage of the research process.

To begin with, several participatory rural appraisals were conducted to obtain a broad
and general understanding of the structure and use of vegetation resources and to identify key
problems from as many perspectives as possible. Thereafter, a focused workshop was held
with the coordinating committee members, the Village Representatives, and the communications
team members to identify the broad community objectives to be used as a guide for woodland
resource management. Eight objectives for Mahuwe Ward were defined and agreed upon:

1. To conserve our natural, grazing and browse resources.
2. To protect and respect the traditionally sacred places, our spirit mediums and traditional
leaders.
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3. Allresidents to be aware of their rights pertaining to the use of common-pool resources.

4. Residents to appreciate the importance of wise use of natural resources for the benefit
of future generations.

5. To generate income from the natural, graze and browse resources.

6. For future generations to learn from these resources (so they know how to use and
benefit from the resources).

7. To carry out research on how best to manage and use natural, graze and browse
resources in partnership with other interested parties.

8. To carry out reclamation work so as to protect and improve the status of our natural
resources.

In formal meetings held in each village, these objectives were first presented to
village leaders and then to the entire village to seek their broad approval. The objectives were
accepted unanimously, and thus provided a set of community-approved foci to guide project
implementation.

These initially broad objectives were not appropriate for developing actual
interventions; they were rather a basis for local policy-level goals. Thus, a second workshop
was held to identify which of the objectives were most important and, subsequently, to
develop a more refined set of objectives that would provide focused and tangible targets as
well as guidance for the identification of project activities. A group rank-scoring exercise
was carried out to identify the three most important of the original set of eight community
natural resource management objectives. These were then explored in greater detail, and the
major sub-objectives, which would result in achievement of the broad objective, were identified
using a graphical representation (called spidergrams) that enabled people to identify
components of an answer to a given question and to weight each component of the answer
(Lynam 1999). The sub-objectives were ranked based on importance scoring (Fig. 1); then
the most important of these were taken as workable objectives. Sub-objectives with the
highest scores were ranked as the most important.

It was recognized by workshop participants that the third most important sub-
objective (identified as the need to plan different land uses within the ward and to demarcate
different areas for each of these) was a necessary precursor to the other two most important
sub-objectives of maintaining human and livestock populations at acceptable levels (Fig. 1).
Thus, these first two were taken as workshop targets and the land-use planning sub-objective
was accepted as a necessary sub-activity for each.

With these two objectives in place, workshop participants were asked to refine the
definitions of each to make them unambiguous as well as directed toward achieving tangible
outputs. The objective for people at carrying capacity was thereby redefined as:

“To stop accepting new settlers in Mahuwe Ward by 2003.”
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Figure 1. Sub-objectives associated with the community objective of resource conservation and
their associated importance scores.
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The objective for livestock at carrying capacity was redefined as:

“To adopt a grazing systems management plan in Ward 7 (i.e., Mahuwe Ward) by the
year 2003 that would ensure the provision of adequate grazing resources for livestock.”

The third sub-objective was redefined as:

“Demarcation of all six VIDCOs (Village Development Committees, the smallest unit
of management in the current Zimbabwean rural administration) of Ward 7 into grazing,
residential, fields, and kraals by the year 2002, accepted by the people.”

Workshop participants were then asked to define what factors affected the
achievement of each objective. To illustrate the method, we focus only on the question of
developing a grazing management plan. It was recognized that the second objective (grazing
systems management plan) had, in fact, two sub-components: the first was the development
of the grazing systems management plan and the second was the acceptance of the plan by
the community. Thus, the workshop group was given the task of developing spidergrams to
address both of these issues (see Fig. 2 and Fig. 3).
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Figure 2. Spidergram of factors affecting the amount of graze and browse available to livestock
in Mahuwe Ward, Zimbabwe.
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Figure 3. Factors affecting the local acceptance of management plans developed through the
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Once these factor spidergrams were developed, workshop participants defined the
states that each node in the spidergram might adopt. Thereafter, the relationships between
factor states in each of the input variables (nodes) and the core objective state were defined,
using the probability tables wherein Village Representatives expressed their subjective
probability assessments of response variable states, given the states of input variable nodes.
Village Representatives quickly learned that large numbers of input variable states resulted in
very large response variable probability tables. As a consequence, the number of states in the
input variables was generally limited to two to four. Once the spidergrams and their associated
states and probability tables were complete, the resulting network was simplified, where
feasible, to ease the process of Belief Network development. Research staff developed the
computer implementations of the BNs during the evening, and workshop participants
manipulated these the following day. However, it was the development of the common
representation of the problem that was the important output of the modeling process. Although
the ability to manipulate the model was useful, it was not seen to be as important as building
the model itself.

The resulting model of factors influencing the availability of graze and browse
indicated that three sets of interacting factors were of primary concern. The first factor was
the size of the grazing areas themselves, which were a major concern because corrupt local
leaders were allocating grazing lands to new settlers for fields and home sites. The second
component was the amount of graze or browse available on each unit of land, and the third
component was the number of animals. This model provided a first iteration of a locally
developed and manipulatable model of the issues that were of primary concern to the project.
The project could thus focus attention on the aspect of the problem that was most important
to local people: the amount of land available for grazing. Perhaps more importantly, the
model provided a basic and common understanding of the problem and its causes, shared by
all concerned, scientists as well as local managers. It was clearly recognized by all participants
that the model was not necessarily correct, but it was recognized as being useful.

After development of the Bayesian Network model, a second modeling workshop
was held to focus on the dynamics of land change (a key component of the Bayesian
Network; Fig. 2). Following this second workshop, a presentation was made to local leaders
about the results of both modeling workshops. At this feedback meeting, local leaders
confirmed the problem explained by the Village Representatives. Land was being illegally
allocated by illegitimate leaders trying to legitimate themselves by assembling a local following.
As a direct consequence of this feedback meeting and, hence, of the modeling activities,
local government officials were asked to identify the legitimate leaders and their roles. Thus,
by the process of identifying the problem through use of the Bayesian Network and then its
effect through system dynamics modeling, the local community took direct action to stop
the illegal allocation of land. The major research objectives of the researchers were also
realigned to focus on the key objectives and problems identified in the exercise to set
hierarchical objectives and in the Bayesian Network modeling.

It is acknowledged that problem recognition is no guarantee of developing and
implementing a viable and locally acceptable solution. Neither the researchers nor their
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community counterparts were that naive. The development of the models described in this
section of the paper were the first step in a lengthy process of identifying management
strategies that were considered most likely to achieve the desired results. Once these were
identified and tested in a modeling environment, the next step would be to identify the
organizational and institutional changes required to ensure successful implementation of
such locally desirable changes.

Senegal: Role games and multi-agent systems

As part of ongoing research activities in Senegal, various experiences in the use of role
games for multi-agent design or restitution have been documented. We report here two
experiences. In the first, a model of an irrigation scheme was developed before the workshop,
and then role-play games were used to present results to the local community. In the second
experience, a model of land use was developed during the workshop. Basically, the same
protocol applied for the two experiments held in Senegal. Workshops lasting three days
were organized with the stakeholders (farmers, politicians, etc.). During the first day, the
rules were explained. The role game took place on the second day. The third day was the
day of the computer simulations.

It was necessary to define a methodology in order to build a model with the
stakeholders and, in so doing, to insure that all parties perceived the model as an acceptable
common representation of the system. We suggested using role-playing game sessions and
letting each person play a given role (defined as the translation of the corresponding agent in
the multi-agent system).

From the model to the role-play game
The first example was an experiment to create a role-play game to present the results of a
model of an irrigated scheme on the Senegal River to the stakeholders. This model, called
SHADOC, was created during Barreteau’s (1998) dissertation work through an iterative
process of fieldwork and computer modeling. The first step in developing the role-play
game was to simplify the model. For instance, instead of simulating 100 time steps for a
cropping season (each time step representing a day), the crop period was reduced to eight
time steps. The game was subsequently tested in various villages. A three-day workshop
was then organized. The rules of the game were explained on the first day. Every player was
given a set of cards representing his or her social status (from noble to descendant of
slaves), as well as his or her production objective (maximization to land tenure) and rules of
reimbursement (from all debts to nothing).

There were three different phases in the game, each entailing some degree of
coordination among the actors.

1. A credit phase, whereby each player had to identify an amount of money used for

income and to pay for water. A player was chosen to play the role of banker. Players
could also borrow money from other players.

166



Tim Lynam, Francois Bousquet, Christophe Le Page, P.d’Aquino, Olivier Barreteau, Frank Chinembiri and Bright Mombeshora

2. Anirrigation phase, where each player managed the water level in its plots, then planted
rice and harvests (Fig. 4).
3. A learning phase, in which each player could change its rules (by changing cards).

Figure 4. Irrigation phase in Podoor village, Senegal. Farmers discussed while
the organizer updated the water level in the plots.

An important first set of activities with the model was its validation from the local
perspective. This process had several aspects. The first was the verification of the main
principle of the multi-agent system, such that from simple behavior of interacting agents,
complex phenomena may emerge. For example, in this model and game, numerous players
faced bad yields despite an abundance of irrigation water because the efficient allocation of
water required complex coordination among the actors. This first validation was achieved
through comparing some qualitative properties of the game with local observations of the
real system.

The second level of validation involved discussions with the stakeholders. They
were asked to compare the game, both the rules and the emergent properties, with reality.
Thus, they were able to validate the model as it was presented to them, or they could
propose modifications, which would bring the model performance more in line with their
understanding of the real system. The discussions that were held among the actors following
presentation of the game confirmed that the game was an accurate representation of the real
world under consideration.

The last phase, during the third day, was to use the computer to explore the scenarios
defined in the role-play game. Stakeholders were able to discuss a scenario as well as the
hypotheses to be simulated. The players were, however, more interested in the role-play
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game and asked for a copy so that they could use it to serve as a discussion tool among
themselves. They intended to use the game at various periods in the cropping season. The
game and the computer model could be used in follow-up interactions with the local
stakeholders. During a season or during the lifetime of a development project, the evolution
of the model is the trace of the evolution of representations.

From the role game to the model

The second experiment dealt with land use. It was organized by P. d’Aquino, a geographer
at CIRAD working on the decentralization process in Senegal. More precisely, the goal was
to develop simulation tools to help the Rural Councils to explore new land-use rules. For
example, it was intended to explore what parts of space would be reserved for specific
activities; what the rules of access might be; which users might be encouraged and which
might be controlled; etc. The Rural Councils were seen as the client group; they were sets of
elected farmers in charge of managing resources of the Rural Community (20—300 villages).
The goal was to find solutions that allowed multiple uses of a common space.

Workshops were organized in three villages. The theme of each of these workshops
was the relationships between agriculture and livestock. About 25 farmers and herders of
the villages participated in each workshop, with each workshop taking three days. The
following was the general structure of the workshops.

Day one: Identification of the needs of the different actors (soil quality, water salinity,
distance to water, distance between plots, etc.).

Day one: Design a map representing the village area and the indicators defined in the
previous step. A GIS was available for this purpose.

Day two: Role-play game to represent the dynamics of the system. Month-by-month,
each player decided which activity he was engaged in and where, by moving a post-it
on the map (Fig. 5 and Fig. 6).

Day two. Definition of the relevant problems encountered during the role-play game
and envisioning different scenarios that might appear in the future.

Day three: Between the second and third day, the model was implemented (Fig. 7 and
Fig. 8). The third day was simulation on the computer and discussions of various
scenarios.

As an example, we describe the case of Ngnith village, situated on the west side of
Lake de Guiers. The main problem, as defined by local people, was a conflict between herders
and farmers. The farmers cultivated crops along the riverside and the cattle had to cross the
fields in order to have access to the river for drinking. Damage and conflicts often occurred.
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Figure 5. lllustration of map for Ngnith village, Senegal, used in a role game. Each month, the
player comes and places a mark on the map to reflect his position on the spatial grid.

Figure 6. General algorithm of the role game and the model. At each time step (monthly), all
agents look for a good place to make crops or to harvest pasture. The agents represent the
actors, who may be farmers or herders. At time step 1 (July, in reality), they look for a good place
for the wet season crop, and time step 6, they look for a good place for the dry season crop. At the
end of the year, there is a regeneration of the resource.
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Figure 7. The initial map of Ngnith village, Senegal. The lake is in dark gray and water holes are
dark gray dots. The other shades of gray represent the soil quality.
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Figure 8. End of a yearly simulation. Black dots are the crops and white dots are areas where
resources have been consumed. On this screen copy, one can see that the herders who have no
access to the lake go west.
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The first day, the needs of each group were identified. Each player was alternatively
farmer and herder, depending on the season. For the cattle, the distance to water was
recorded, as was soil quality. The farmers cultivated two crops a year. For the crop cultivated
at the beginning of the wet season, the soil indicator was the unique constraint. The second
crop was for market garden produce, when the plots had to be near permanent water. The
agents simply looked for places that satisfied their constraints. Consequently, problems
emerged for the cattle, which had no access to water.

Once the role games were completed, the rules and spatial relationships that were
presented in these role-play games were used to develop and parameterize the simulation
model. This model was presented to the participants and was validated by them on the third
day. The model was then used to explore different scenarios that could be used to resolve
the conflict situations that had emerged (Figs. 7 and 8).

Despite the fact that most workshop participants had never seen a computer monitor,
they could easily follow the computer simulations and understood the representations and
outputs. Once a simulation reproduced the known situation, the aim was to simulate various
scenarios. Discussion began on the water issue. Two alternative scenarios were tested. In
the first, a number of water points were sunk in the west. In the second scenario, channels
were defined from the lake to extend the reach of the lake into the grazing areas.

The first scenario resulted in overexploitation of pasture around the water points.
Then discussion about the channels occurred. Without access rules these channels were not
useful. Farmers located their crops all along the channel and herders found that there was no
access to the water. Proposals were then suggested to prohibit agriculture on the last kilometer
of channel to allow cattle to have access to the water. These proposals were simulated and
resulted in a broadly acceptable solution to the conflict problem, which has since become
the focus of a set of implementation meetings involving the stakeholders and the Rural
Council.

LESSONS LEARNED

In comparing the Zimbabwean and Senegalese case studies, a number of common lessons
were identified and serve to guide future activities of this kind. These are briefly discussed
in this section.

First, in both cases, the models that were used performed a vitally important role,
that of providing a common and manipulatable representation of the problem situation. In
the Zimbabwean case, this was a detailed representation of the problem itself, whereas in the
Senegalese situation, this was a model capable of exploring solutions to a social dilemma
situation. The common understanding or representation is seen as a key step in developing
broadly accepted and feasible solutions.

In both situations, the models were developed with the local stakeholders. This
gave them a sense of ownership and, in both cases, has resulted in their making demands of
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the researchers for the outputs of the research. In the Zimbabwean case, the local community
was demanding a greater degree of input from the researchers to keep the project momentum
going and to develop the next steps of the project. It also led to pressure and direct action
from within the community to clarify who local leaders were and what role they could
legitimately play in land allocations. In the Senegalese situation, the villagers wanted to use
the role-play game for their own discussions and simulations as the season unfolded.

In both situations, the researchers recognized the imperfections of the models, but
recognized their importance as a record of the evolution of system understanding as well as
a first step in an ongoing and iterative process of achieving local objectives.

The process that both studies had independently experienced was one of adapting
scientific objectives as local management objectives emerged. This calls for great
programmatic flexibility. It is often difficult, both for donors as well as output-oriented
researchers, to allow project realignment when original project plans do not match with
local needs. Local needs change, sometimes quite rapidly, and when dealing with adaptive
managers, it is perhaps wisest to allow for flexibility in defining project activities.

In both situations, it was clear that the research process contributed significantly to
overcoming the high transaction costs of getting the key stakeholders together, focusing
their attention in a nonconfrontational way on the problem at hand, and then working toward
identifying potential solutions. Similarly, it is to be expected that significant transaction costs
would be incurred as communities attempt to implement solutions to these common-pool
resource problems. In both situations, the researchers, through their respective projects,
bore much of the transaction costs. It is not at all clear how easily this could be replicated
where these levels of resources may not be available.

Local managers are, almost by definition, adaptive: in a community of several hundred
households, there are always a few people who are trying different things and those who are
watching to see what works. In the adaptive management literature, these are what are
called passive adaptive managers. Active adaptive management requires that managers probe
the systems to explore the fullest possible range of outcomes. This is clearly a risky strategy,
particularly when the experiments are being implemented on the only set of resources of a
kind. It is difficult to see how local communities could become more active in their adaptations
without some means of spreading the risk. Modeling can certainly go some way toward
reducing the risks and costs, but not all the way.

The focus of capacity-building research, such as that described in this contribution,
should be on making the understanding that local managers develop from their experimentation,
observation, and analyses, be as efficient and effective as possible. This will, in all likelihood,
be a slow process, but one that stands at least a reasonable chance of producing sustainable
production systems in the developing world.
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Spatial Modeling of Risk
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ABSTRACT

Making decisions in natural resource management involves an understanding of the
risk and uncertainty of the outcomes, such as crop failure or cattle starvation, and of the
normal spread of the expected production. Hedging against poor outcomes often means
lack of investment and slow adoption of new methods. At the household level, production
instability can have serious effects on income and food security. At the national level, it
can have social and economic impacts that may affect all sectors of society. Crop models
such as CERES-Maize are excellent tools for assessing weather-related production
variability. WATBAL is a water balance model that can provide robust estimates of the
potential growing days for a pasture. These models require large quantities of daily
weather data that are rarely available. MarkSim is an application for generating synthetic
daily weather files by estimating the third-order Markov model parameters from
interpolated climate surfaces. The models can then be run for each distinct point on the
map. This paper examines the growth of maize and pasture in dryland agriculture in
southern Africa. Weather simulators produce independent estimates for each point on
the map; however, we know that a spatial coherence of weather exists. We investigated
a method of incorporating spatial coherence into MarkSim and show that it increases
the variance of production. This means that all of the farmers in a coherent area share
poor yields, with important consequences for food security, markets, transport, and
shared grazing lands. The long-term aspects of risk are associated with global climate
change. We used the results of a global circulation model (GCM) to extrapolate to the
year 2055. We found that low maize yields would become more likely in the marginal
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areas, whereas they may actually increase in some areas. The same trend was found with
pasture growth. We outline areas where further work is required before these tools and methods
can address natural resource management problems in a comprehensive manner at local
community and policy levels.

KEY WORDS: crop modeling, dryland agriculture, global change, global circulation model, maize,
Markov models, MarkSim, natural resource management, risk, southern Africa, spatial modeling,
weather simulation.

INTRODUCTION

Agriculture is full of risk and uncertainty. Risk has been cited as contributing to slowed
technology diffusion, fragmentation of landholdings, and price instability (Walker and Ryan
1990). It has a profound influence on decisions because it may strongly modify choices from
among a set of alternatives. At the household level, risk and uncertainty can lead to substantial
production instability with flow-on effects on income levels and food security. At the national
level, agricultural production instability can have enormous social and economic impacts
affecting all sectors of society (Alexandrov and Hoogenboom 2001). These factors influence
decisions taken in agricultural production that directly affect the economic feasibility of
resource management options.

Many methods and tools have been developed to try to deal with or minimize risk.
Crop simulation models, for example, are excellent tools for assessing the weather-related
production variability associated with particular strategies for the management of agricultural
enterprises and natural resources. Simulation results can be used in a wide variety of other
analytical frameworks, such as economic surplus and mathematical programming models, to
provide information to a range of decision makers (Thornton and Wilkens 1998, Thornton
and Herrero 2001, Hartkamp et al. 2002, Gijsman et al. 2002).

Traditionally, point models such as CERES-Maize have been run on long data sets of
daily weather available from existing or historical meteorological stations. Stochastic weather
simulation is often used to augment the data where historical runs are not long enough
(Richardson 1985, Jones and Thornton 1993, 1997, Heinemann et al. 2002, Mavromatis et al.
2002). The results from runs on such data may be used to interpolate and map characteristics of
the model output. However, the modeled processes are intrinsically nonlinear and this approach
is fraught with difficulties. It would be better to map the modeled response by running the
model for each point on the map. This is now feasible using MarkSim (Jones and Thornton
1999, 2000). MarkSim is an application available on CD-ROM that will generate synthetic
daily weather files for use with models such as CERES-Maize. The model can be run for each
distinct point on the map by estimating the third-order Markov model parameters from
interpolated climate surfaces. The relevant characteristics can be extracted from each model
run and can be readily mapped in the study area.
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A characteristic of this approach is that each point is evaluated in isolation. However,
the realism of a general crop failure is never simulated. Off-site effects of the stochasticity of
climate are largely underestimated; in the real world when you have a shortage of domestic
food or cattle feed, your neighbors are usually similarly affected. When a harvest is good, the
market price plummets. This has real implications for national and regional infrastructure,
communications, and resource management on a broad scale.

METHODS

For the study, we chose a window in southern Africa extending from 22° E to 42° E and from
23°St0 5°S, covering an area of about 38,000 km?. This window covers the southern part of
Tanzania, Malawi, much of Mozambique, and all of Zimbabwe, and extends west from the
Indian Ocean to include Zambia, the southeastern part of the Democratic Republic of Congo
(DRC), and small portions of Angola (Fig. 1). We chose this area because of its overall
single, well-defined growing season and the considerable spatial variability in total annual
rainfall. The following subsections briefly describe the models, databases, and methods that
enable us to generate various maize and pasture risk scenarios for this region.

Figure 1. The study area in southern Africa, 22° E to 42° E, 3° S to 23° S (the
southern part of Tanzania, Malawi, much of Mozambique, and all of Zimbabwe,
extending west from the Indian Ocean to include Zambia, southeastern
Democratic Republic of Congo (DRC), and small portions of Angola).
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CERES-Maize

CERES-Maize is a model that simulates the growth, development, and yield of the maize
crop. It was designed to use a minimum set of soil, weather, genetic, and management
information. The model is run with a daily time step and requires daily weather data (maximum
and minimum temperature, solar radiation, and rainfall). It calculates crop phasic and
morphological development using temperature, day length, and genetic characteristics. Leaf
area index, plant population, and row width provide information for determining the amount
of light interception, which is assumed to be proportional to biomass production. A water
and nitrogen balance submodel provides feedback that influences the development of growth
processes (Ritchie et al. 1998). CERES-Maize has been widely used in North America and
in the tropics and subtropics (Tsuji et al. 1998). The model has also been successfully validated
and applied at many sites in our study window (see, e.g., Muchena and Iglesias [1995] for
Zimbabwe, Thornton et al. [1995] for Malawi, and Schulze [2000] and Durand and du Toit
[2000] for southern Africa). To run CERES-Maize, we need data on daily weather, the soil
profile, genetic coefficients for the variety simulated, and information on the crop management.

MarkSim and weather data

Over the last few years, we have developed and extensively tested a third-order Markov
rainfall model (Jones and Thornton 1993). Being able to model outlying rainfall years
satisfactorily is particularly important in studies aimed at quantifying production system
risk. A Markov model works by randomly sampling a series of events where the probability
of observing an event depends on the occurrence of previous events. A third-order Markov
model takes into account events occurring over the previous three days. We have found that,
whereas a lower order model is often sufficient for temperate climates, the third order is
necessary for many tropical climates. This simple model should be able to simulate the variance
of monthly and annual rainfall for sites in the tropics and subtropics, but even the third-order
model falls short of reality. The MarkSim rainfall generator makes good this deficit by means
of annual random resampling of certain of the model’s own parameters.

Jones and Thornton (1997) showed that patterns could be discerned in the parameter
values that were typical for certain types of climate. The model can thus be used to interpolate
rainfall data for places where they do not exist. Regression models were developed that
predict the Markov model parameters within certain restricted climate sets (Jones and Thornton
1999). The MarkSim system identifies the climate set relevant to any required point on the
globe, using interpolated climate surfaces, and evaluates the model parameters for that point.
The climate surfaces used are the 10 minutes-of-arc surfaces fitted at Centro Internacional
de Agricultura Tropical (CIAT), based on the National Oceanographic and Atmospheric
Administration (NOAA) dataset TGOP006 (NOAA 1984), using inverse square distance
weights for spatial interpolation, and a standard lapse rate model to correct temperature for
elevation effects. These surfaces are based on historical data from stations having more than
10 years of record taken from the period 1920—1990. Therefore, they are not standard climate
normals, but compensate for the lack of time standardization by including more stations.
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Jones and Thornton (2000) describe the program in detail. Hartkamp et al. (1999) have shown
that inverse distance weighting methods perform as well as thin-plate smoothing and co-
kriging. A wide range of statistical validation tests of the MarkSim simulated data has been
presented in Jones and Thornton (1993, 1997, 1999, 2000).

Soils data

We used the Food and Agriculture Organization digital soil map of the world (FAO 1974,
1995) and cut out the appropriate window (see Fig. 1). For all of the soil types in the window,
we made a qualitative assessment (based on the soil unit ratings in FAO [1978]) as to their
agricultural suitability for maize production: class 1, unsuitable; class 2, moderately suitable;
and class 3, highly suitable. We then assembled representative profiles from the International
Soils Reference and Information Center’s World Inventory of Soil Emission Potentials (WISE)
database (Batjes and Bridges 1994, Batjes 1995) for each of the soils in the FAO soil map
units that fell into classes 2 and 3. We used a combination of the pedotransfer functions in the
decision support system for agricultural technology transfer, implemented in a VisualBasic
program by Ravic Nijbroek at International Livestock Research Institute (ILRI), and a database
at CIAT, assembled by Jamie Fairbairn (unpublished data) to estimate water-holding capacities.

Genetic coefficient data and management data

We used Katumani Composite B (KCB), a Kenyan, open-pollinated maize variety developed
>25 years ago as a fairly short-season variety (about 120 days) for the dry mid-altitude
conditions of Kenya (Hassan 1998). It was planted at a density of 3.7 plants/m?, with 50
kg/ha of mineral N distributed through the soil profile. For all soils, 10 kg/ha of inorganic N
was applied to the crop at planting. Planting was carried out automatically, when the first 30
cm of the soil profile first reaches 40% field moisture capacity each season. The genetic
coefficients for KCB were determined in growth experiments carried out in the Republic of
South Africa (A. S. du Toit, personal communication 1999).

Climate change models

To derive a set of climate surfaces for Africa for the middle of 2041-2070, we accessed the
Intergovernmental Panel on Climate Change (IPCC) Data Distribution Centre on the
worldwide web (URL: http://ipcc-ddc.cru.uea.ac.uk/). We decided to use a recent experiment
conducted at the Hadley Centre, East Anglia, using the new Unified Model (Cullen 1993).
The model, HadCM2, has a spatial resolution of 2.5° x 3.75° (latitude by longitude). This
produces a surface spatial resolution of about 417 km x 278 km at the equator. In order to
undertake a “warm-start” experiment, the model must be perturbed with a forcing from an
early historical era when the radiative forcing was relatively small compared with the present.
The experiment performed with HadCM2 started with forcing from the middle industrial
era, around 1860 (Mitchell et al. 1995, Johns et al. 1997). We used the monthly mean values
of maximum and minimum temperature and precipitation for the period 2041-2070. In the
following analyses, we refer to these as the 2055 data. We used the standard CIAT technique
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of inverse square distance weighted interpolation on the GCM model results to interpolate to
the same grid as MarkSim (Jones and Thornton 2000).

Coherence clustering and modification of MarkSim

The spatial coherence and variability of weather are manifest at a wide range of scales. On a
daily basis, it is not unusual to have rain on one farm while the neighbors’ fields are dry. A
county, watershed, or market hinterland may be subject to water restrictions, while another
area of the country experiences good rains. Events such as ENSO (EI Nifio-Southern Oscillation)
may produce widespread drought in large areas, whereas other areas are subject to flooding.

The pixel-by-pixel simulation of MarkSim produces realistic results in the first case.
Local variation in weather is built into the basic stochastic process. We conjecture that the
mid-scale regional coherence may be approached via the resampling of the Markov probability
parameters, but this remains to be tested thoroughly. If these change in lock step across a
region, the resultant weather patterns will show a marked regional coherence imposed on the
basic Markov process. Global forcing events, such as ENSO, are not yet incorporated in
MarkSim, but we will be looking at this possibility soon.

In this study, we have concentrated on the mid-range spatial coherence of climate.
We used the MarkSim cluster algorithm to group the climates of the study window (23,760
pixels). This was a leader cluster algorithm with a second pass to reallocate pixels to the
closest cluster seed using the normalized monthly rainfall, temperature, and diurnal
temperature range as the 36 cluster variates. Rainfall was transformed to the square root
before normalization. We made one run from cluster to a few large climate regions, and a
second to produce more, but smaller, areas. After cleaning to eliminate areas with less than
six pixels, we obtained 21 areas in the first case and 51 in the second.

We modified MarkSim to separate the random number series for the parameter
resampling from the basic Markov process and the gamma distribution sampling of rainfall
event size. In each case, we constructed a common set of random normal deviates that were
used to coordinate the random resampling throughout each climate zone.

Simulations

Figure 2 shows the links between the various databases and tools that were previously
described. We ran six experiments or scenarios. These involved 3975 treatments (unique
combinations of soil and weather inputs for the 1042 sample points; note that there may be
1-6 soil types per pixel) of CERES-Maize. Each treatment was replicated 29 times (making
use of 30 years of simulated weather, because the maize growing season usually crossed
years). The six experiments were:

1. Markov weather parameters using current long-term climate (“present weather”)
assuming complete independence between weather grid cells (“random weather”).

2. Weather parameters using current long-term climate, but with weather dependence across
21 zones as described earlier.
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Figure 2. Schema of steps and methods in the analysis.
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3. Weather parameters using current long-term climate, but with weather dependence across
51 zones.

4. Weather parameters using estimated long-term climate for the period 2041-2070 (“2055
weather”), assuming complete independence between weather grid cells.

5. Weather parameters using 2055 long-term climate, but with weather dependence across
21 zones.

6. Weather parameters using 2055 long-term climate, but with weather dependence across
51 zones.

The 115,275 runs for each scenario took about 6 hours on a Pentium III processor.
The model WATBAL was run for the same set of scenarios to give an indication of pasture
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growth for the same sample points. As a proxy for this, we used the number of growing days,
defined as the number of days when the ratio of actual to potential evapotranspiration exceeded
0.5. Because it is a much simpler model than CERES, it ran more quickly. Input and analysis
programs were custom-written in FORTRAN, and maps were generated using IDRISI
(Eastman 1993).

Our discussion of the results is limited to considering the impact of rainfall coherence
and to comparing maize and pasture yields using current weather patterns and the 2055
scenario patterns.

RESULTS

To give an idea of the types of climate in the study window, Fig. 3 shows monthly rainfall
and temperatures for four sites in four of the 21 zones, for current conditions and those
simulated (using the Hadley GCM) to occur using in 2055. The four sites are:

DRC: 6.58° S, 23.50° E, elevation 761 m
Tanzania: 6.25° S, 34.33° E, elevation 1356 m
Mozambique: 12.91° S, 39.50° E, elevation 426 m
Zambia: 16.91° S, 24.33° E, elevation 1066 m

Even for these four sites (see Fig. 3), although temperature increases in all months,
the amounts and patterns of increase simulated to occur with the GCM show distinct
differences. For most months in this sample, rainfall would appear to increase slightly, but
this is offset by the increasing temperature.

Thus, the way in which changing rainfall patterns may interact with generally
increased temperatures to affect agricultural production depends on location. Fig. 4 shows
cumulative probability functions for simulated maize yield for these same four sites, using
present and 2055 weather. The 2055 weather appears to reduce the probability of high maize
yields at the Mozambique, Tanzania, and Zambia sites. Maize yields at the DRC site are
predicted to be badly affected by the 2055 weather regime at the lower end of the yield
spectrum, although the probabilities of obtaining yield above about 1.7 t/ha (conversion: 1
metric ton (t) = 1 Mg) are almost the same as at present. Conversely, the lower yield
probabilities are strongly conserved at the Zambia site, but higher yields become far less
probable. Yields at the Mozambique site are uniformly low and almost always in the 1-2 t/ha
range, although the probability of achieving 2 t/ha is lower in the 2055 scenario.

Resource management must take these differences into account. At the Mozambique
site, a low but constant source of domestic food supply may free resources for other enterprises,
whereas, for the other three sites, domestic and regional food stocks might have to be stored
to cover shortfalls arising from maize crop failure.

182



Peter G. Jones and Philip K.Thornton

Figure 3. Monthly rainfall and temperatures representative of present and simulated 2055 cli-
mates for a random site in: zone 1 in the Democratic Republic of the Congo; zone 5 in Mozambique;
zone 3 in Tanzania; and zone 12 in Zambia. See Fig. 1 for locations.
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Weather coherence

Weather coherence, that is, the fact that weather conditions in a region or area are generally
spatially correlated, might be expected to be of considerable importance. Fig. 5 (at left)
shows an example, with the number of growing days (our proxy for pasture production) for
five randomly selected sites in Zone 8 (one of the 51 weather zones located mostly in central
Zimbabwe). The bottom graph shows the situation in which weather in Zone 8 is assumed to
be independent, i.e., what occurs at any site in Zone 8 has no impact at all on the weather
experienced at any other site. The heavy line shows the mean number of growing days. The
pattern of growing days by season appears to be random; the correlation matrix for the random
weather also bears this out. The top graph shows the number of growing days for the same
five sites in Zone 8, this time with coherent weather. To simulate coherent rainfall at each site,
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Figure 4. Cumulative maize yield probabilities [conversion: 1 t (metric ton) = 1 Mg] for present and
simulated 2055 climates in the four sample zones.
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the same set of normal deviates was used each year to resample the baseline rainfall probits,
as outlined previously. A stronger pattern in the number of growing days is seen. Year 17
provides a good illustration of a “poor” year when, for at least four of the five sites, the
number of growing days is close to the lowest number experienced in the 29 replicates. The
correlation matrix in Fig. 5 (at right) indicates the “interdependence” of the weather experienced
at these five sites.

Figures 6 and 7 further illustrate the importance of coherence (and of being able to
account for it). Figure 6 shows the coefficients of variation in time (CVs) of the average
rainfall per zone during the maize-growing season, using random and coherent present-day
weather over the 51 zones for the study window. (The higher the CV, the lighter the map
shade.) For these maps, the average was calculated across the sample points in each zone and
the standard error of the time series was computed for each zone. For the area to the south of
Lake Kariba, for example, the CV of rain increases from 22% to 107%, simply by imposing
coherence on the zonal rainfall. The same effect appears in Fig. 7, which shows the CV of
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Figure 5. An example of the effect of weather coherence on five sites within a coherence zone.
The zone average (heavy line) is much more stable in random climates. The correlation matrices

show the degree of dependence in the coherent samples.
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maize yield on soils of class 2 (moderately suitable for maize production). A general lightening
of the map indicates substantial increases in the CV of simulated yield in response to imposing
weather coherence within the 51 zones.

Figure 7. The coefficient of variation of zonal maize yields on poor soils in random climates (left)
and 51 coherence zones (right).
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Figure 8. The probability that maize yields will fall below 1.5 t/ha (1 t = 1 Mg) in the present climate
regime (left) and the simulated 2055 climate regime (right).
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The implication is clear: in a region with a coherent weather system, if one site
experiences bad conditions, then the chances are that other sites in the same region will also.
Agricultural production will thus suffer both locally and regionally and, if coherence extends
over a large area, continentally. In such cases, there may be profound implications for
government policy (and marketing and transport) in attempting to ensure adequate food supply
for many people over a potentially vast area.

Maize and pasture performance

Figure 8 maps the overall simulated performance of maize as the probability of not achieving
a yield of 1.5 t/ha using present and 2055-based weather (this figure was chosen arbitrarily,
but is similar to current average maize yields on smallholder farms in the region). These
values were calculated by computing the cumulative probabilities for the sample points in
each zone. As an example, consider sample point number 104; located at 15.67° S and 30.50° E; it
has the following Class 2 and 3 soil units:

Fh (humic Ferralsol): 10% area
Fo (orthic Ferralsol): 20%

Fx (xanthic Ferralsol): 10%

Ge (eutric Gleysol): 20%

Je (eutric Fluvisol): 10%

The rest of the pixel is taken up with a Class 1 soil. Five simulations were made
using the characteristics of each soil unit. For display purposes, we assigned the eutric Gleysol
and the eutric Fluvisol to Class 3, and the three Ferralsols to Class 2. Thus, for the map in
Fig. 8, the simulated maize yields on the three Ferralsols were weighted by their relative
occurrence to calculate the probabilities shown on the map.

Although an overall reduction in mean yields is apparent between the simulations
carried out using the present-day and 2055 weather, in a few small zones, mean yields are
actually simulated to increase between now and 2055. CERES-Maize accurately simulates
the C, nature of the maize crop. Yields are predicted to increase in highland areas where the
crop responds to rising temperatures. It should be borne in mind that these changes are also
occurring along with a general increase in the standard deviation of maize yields, although
these results are not shown here.

Figure 9 (at left) shows the average lower quartile of potential pasture-growing days
in the 51 zones simulated using present and 2055-based weather. The actual number of growing
season days is expected to fall below this in only one year out of four. As for the maize yields
in Fig. 8, the change in this statistic (Fig. 9, at right) shows a general decline brought about
by increased evaporation owing to increased temperatures being inadequately compensated
by the small increase in monthly rainfall. In some areas, rainfall increases sufficiently to
outweigh this effect.

The effects of global warming, in general, will lead to a reduction of maize yield and
pasture, and to a greater risk. Small areas may actually benefit from the change, although they
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are not the same areas in each case. This may have serious implications for resource
management, agricultural intensification, and population growth and movement.

Figure 9. Lower quartile of the number of pasture-growing days: the average of present and 2055-
based climate regimes (left), and the change from the present to 2055 (right).
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CONCLUSIONS

Natural resource modeling is a highly scale-specific process; methods change with scale as
wider spatial linkages are incorporated. We have demonstrated a method by which plot-level
models can be run over large land areas and the results can be aggregated to provide
information at the regional level. We have shown how the output from much lower resolution
global models (in this case, a GCM) can be broken down using a higher resolution weather
grid and an interpolation technique (for other methods, see Schulze 2000). The study has
achieved an integration from process-level, plant-growth models to global climate models,
the full gamut of the scaling problem.

Results of our study indicate that there may be substantial spatial shifts in maize
cultivation in the region. Despite numerous uncertainties in the analysis, climate will clearly
change by about 2055, with concomitant impacts on crop and livestock production. The
highlands may become more suitable for maize (higher night temperatures and more rain, in
places), whereas the marginal areas in the lowlands may become even more marginal and
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risky. Spatial shifts in maize production may arise as a result of climate change. These could
be expected to have significant implications for regional maize-related agricultural research
in the future and for the way in which technologies (such as different varieties, modified
management practices, and improved water conservation practices) might be targeted. We
will return to this issue.

Results of the study have also illustrated the importance of taking into account weather
coherence in regional analyses. Using random weather patterns over a wide range of soil
types can result in highly misleading simulations, because aggregation tends to lead to a
general smoothing of the inherent weather variability in a region. This can markedly
underestimate the variance of regional food supply and fodder availability.

Africa has been identified as the continent most vulnerable to the impacts of projected
climate change on (among other things) agriculture and human health, largely because
widespread poverty is expected to limit adaptation capabilities (IPCC 2001a). At the same
time, human populations in Africa continue to grow, driving the intensification of agricultural
production so that food production and income levels can be maintained (Staal et al. 2001).
Agricultural systems in the region are thus highly dynamic, and climate change effects will
surely contribute greatly to this dynamism in the coming decades.

We believe that methods such as the one we have outlined are potentially valuable
in studying the impacts of climate change. At best, however, these are tentative first steps
only. How can such tools and methods be converted into something much more comprehensive
that can genuinely inform natural resource management issues at both community and policy
levels? We will highlight three areas in which considerably more work is required.

First, the agricultural impacts of climate change have to be assessed at the level of
the agricultural system. Smallholder mixed systems involving many different mixes of
livestock and crops are very important in the region and in Africa in general. Interactions
between crops and livestock are critical in maintaining soil fertility and providing dry-season
feed for animals (Staal et al. 2001). In any meaningful assessment of possible system evolution
in response to climate change, and to identify possible adaptation and mitigation strategies,
clearly we need to be able to represent the major biological processes operating at the
household level, as well as the objectives and attitudes of smallholders. There is a wide
variety of crop and livestock models, but substantial work remains in combining these into
robust systems models that can account for the major interactions between crops and livestock
at the systems level (Thornton and Herrero 2001). In addition, although maize-based mixed
systems are of particular importance to the rural poor in many areas of southern and eastern
Africa, climate change impacts need to be studied in other systems such as mixed systems
not based on maize, commercial crop—livestock systems, and pastoral systems. Further, climate
change will induce changes in habitat suitability for important disease vectors such as
mosquitoes, tsetse flies, and ticks (Hulme 1996). Studies are being undertaken on some of
these (e.g., Rogers and Randolph 2000, McDermott et al. 2001). However, a great deal of
work remains to be done before we have integrated models that can be used in concert with
global circulation models (GCMs) to study the system impacts of climate change in a
comprehensive fashion.
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Second, a wide variety of different GCMs and GCM scenarios are available. There
are inherent uncertainties in the outputs from all of these different models, arising from the
way they h