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Preface
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welcome any comments, proposals and exchanges with researchers interested in the
issues raised in this document. The goal of IHDP Working Documents is to
promote the early and wide dissemination of emerging research related to human
dimensions of global environmental change with a view to promoting enhanced
synergies and networking within the human dimensions research community.

We look forward to receiving your comments and suggestions for the future.

Professor Eckart Ehlers,
Chair
Scientific Committee of IHDP

Dr. Larry R. Kohler
Executive Director
IHDP Secretariat
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Introduction

Young and Underdal (1997) describe the issue in the following way: ”The
problem of fit asserts that the effectiveness and the robustness of social institutions
are functions of the fit between the institutions themselves and the biophysical and
social domains in which they operate”. Although this paper will address the social
domain of institutions, our main focus will be on institutional linkages to the
biophysical domain.

By institutions we mean the humanly devised constraints that shape human
interaction and the way societies evolve through time (North 1990). Institutions are
made up of formal constraints (rules, laws, constitutions), informal constraints
(norms of behavior, conventions and self-imposed codes of conduct), and their
enforcement characteristics; thus they shape incentives in human exchange,
whether political, social, or economic. Institutions, such as property rights (the
structure of rights to resources and the rules under which those rights are
exercised) are mechanisms people use to control their use of the environment and
their behavior toward each other (Bromley 1991). They link society to nature, and
have the potential to coordinate the human and natural systems in a
complementary way for both ecological and human long-term objectives (Hanna
et al. 1996). They also have the potential to inhibit adaptive responses to
ecosystem changes, and to combine to create gridlock and confusion in
environmental management.

Our approach seeks to endogenize the role of social institutions in large-scale
biophysical systems, by looking at human systems as subsystems of the ecosphere.
Human systems are dependent on the structure and functioning of ecosystems.
Ecosystems generate essential natural resources and ecological services (Odum
1989, Daily 1997). The capacity of ecosystems to provide this support is
increasingly threatened, not only at local scales, but also at regional and global
scales (Jansson et al. 1994). This is a consequence of the rapid extension of human
domination, particularly during this century (Vitousek 1994). The
internationalization and globalization of human activities, the growth of human
population, and the large-scale movements of people have generated novel
ecological and social dynamics at regional and even planetary scales (Turner et al.
1990). Processes have become so interwoven that many actions, although local in
origin, are regional and global in their effects (Turner et al. 1990, Ekins et al.
1994, Holling 1994). Incremental changes in land use, for example, influence
climate change, regional biodiversity, and the evolution of new diseases (Houghton
et al. 1996, Skole and Tucker 1993, McMichael et al. 1996). Understanding and
coping with such complex linkages becomes an analytical and observational
challenge, with the numerous feedbacks across scales in time and space,
throughout the entire system of humans and nature.

The present state of the world has been characterized as one in which human
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setting cycles of seasons, plagues, etc.) and social (economic epochs, cultures, etc.)
(Holling and Sanderson 1996). This contrast has been extended into an explicit
critique of modern resource management institutions (Ludwig et al. 1993), where
it is suggested that institutions should be “managed” by environmental
conditions. Clearly there is a co-evolutionary nature to the fit between institutions
and their environment. It is no longer fruitful to separate humans and nature, nor
is it useful to fight endless disciplinary battles between “social” and “natural”
science.

However, few have analyzed the interactions between social systems and key
structuring processes in ecosystems. In many volumes on resource management
and environmental studies humans have been treated as external to ecosystems. By
contrast, studies of institutions have mainly investigated processes within the social
system, treating the ecosystem largely as a “black box”. Analyses of institutions
seldom explicitly deal with linkages to functional diversity, key structuring
processes, and resilience (capacity to survive disturbance) in ecosystems.

The problem of fit is about these linkages, and is the focus in this paper. While a
general use of the word fit has to do with suitability for a task, another use of the
word “fit” in English refers to a match of sizes—if the shoe fits, then it is a good
match for the foot. Social and ecological systems and processes have sizes
too—they have spatial and temporal dimensions (Clark 1987). The question then
arises, how does the scale (temporal, spatial, functional1) of an institution relate to
the ecosystem being managed, and does it affect the “effectiveness and
robustness” of the institution?

We start the paper (Section II) with a description of a few properties of
ecosystems that have implications for human use and management. Next we
discuss the lack of fit between conventional management and ecosystem properties
(Section III) and the social and economic causes behind ecosystem deterioration
(Section IV). Following that are some real world examples of institutions for
ecological management and some social mechanisms that seem to provide an
institutional fit to ecosystem processes and functions (Section V). Thereafter we
discuss adaptive management and the issue of nested institutions for environmental
management (Section VI). We end the paper by proposing a few research
challenges in relation to the problem of fit between ecosystems and institutions
(Section VII).
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II. Properties of ecosystems that have
implications for institutions

An ecosystem consists of plants, animals and microorganisms that live in
biological communities and which interact with each other and with the physical
and chemical environment, with adjacent ecosystems and with the water cycle and
the atmosphere (Odum 1989). Ecosystem properties which have implications for
institutions are related to energy and material stocks and flows, the temporal and
spatial variability of those resources, and the complex and dynamic ways in which
the underlying processes relate to one another, with ecological disturbance playing
an especially important role.

Ecosystems as life support systems

Ecological systems play a fundamental role in supporting life on Earth at all
hierarchical scales. They are essential in global material cycles like the carbon and
water cycles. Ecosystems produce renewable resources (food, fiber, timber, etc.)
and ecological services. For example, a fish in the sea is produced by a marine
food web of plants, animals and microorganisms. The fish is a part of the
ecological system in which it is produced, and the interactions that produce and
sustain the fish are inherently complex. Ecological services are also generated by
ecosystems; these include maintenance of the composition of the atmosphere,
amelioration of climate variability, flood control and drinking water supply, waste
assimilation, nutrient recycling, soil generation, crop pollination, pest regulation,
food provision, biodiversity maintenance, and also maintenance of the scenery of
the landscape, recreational sites, aesthetic and amenity values (Ehrlich and Mooney
1983, Folke 1991, de Groot 1992, Daily 1997). Natural systems at genetic, species,
population and ecosystem levels all contribute in maintaining these functions and
services.

Energy flow and biogeochemical cycling set an upper limit on the quantity and
number of organisms, and on the number of trophic levels that can exist in an
ecosystem. The structure and functioning of an ecosystem is sustained by
synergistic feedbacks between organisms and their environment. For example, the
physical environment puts constraints on the growth and development of
biological subsystems that, in turn, modify their physical environment.

Viewing ecosystems as life-support systems emphasizes the nature-human
interface. Understanding the role of ecosystems as mere life-support systems has
implications for management in a simple sense: societies must maintain sufficient
levels of natural systems to provide their need for resources and services. If
ecosystems were simple, ecological-economic research would consist of finding
accurate production functions for ecological resources and services and fitting
those functions into economic models. Complex institutional arrangements
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institutions would chiefly govern the level or intensity of use. In any case
ecosystems are not so simple, and neither are the institutions which govern their
use.

Ecosystems as dynamically variable systems

In ecological systems, time matters. Ecosystem properties fluctuate according to
rhythms of the earth, moon, sun, in diurnal, menstrual, and annual cycles. Human
institutions for environmental management have in large measure taken these
regular cycles of change into account—they are fairly easy to observe, and their
repetitive nature gives opportunity to learn and adapt over time. Ecosystems
change over longer time spans as well—there are semi-regular patterns that
correspond to the El Niño-Southern Oscillation effect (Philander 1989), variations
in insolation (Eddy 1994), cycles in orbital precession (Davis and Sellers 1994),
and cycles of glaciation.

Other biophysical cycles which govern ecosystem dynamics are either not so
regular, or are only regular in a statistical sense. The lifespans and life histories of
economically important plants and animals set the rhythms for many institutions
designed to regulate the harvest and use of biotic resources. Episodic disturbances
like fire, pest outbreak, storms, and landslides affect the availability of ecosystem
goods and services, and have an effect on the shape of institutions governing
access to those goods and services. Since disturbances may vary on scales of time
and space which are similar to those of anthropogenic changes, they form
particularly thorny problems for institutions; in particular, historical contingencies
may give rise to path dependence (Arthur 1994; Krugman 1991; Foster 1992).

Ecosystems as spatially heterogeneous systems

Many ecological models notwithstanding, plants, animals and abiotic elements of
ecosystems are not just so many ingredients in an evenly mixed and smoothly
interacting “soup”. Ecosystem elements are arrayed in space variously and
discontinuously, so that the properties of one piece of the landscape may not be
shared by its neighbors. Resources are typically concentrated, creating some
resource-rich regions and some relatively poor. Just as different management
techniques will be necessary to meet particular landscape contingencies, so
different institutional arrangements depend on the pattern of resources. The spatial
variability of resources is a persistent form of ecosystem risk around which
institutions are elaborated (Johnson and Earle 1987).

If ecosystem pattern and resource distribution were a deterministic function of
soil type, rainfall, topography, and climate, institutions could stabilize around a
known landscape pattern and persist, or even evolve toward ever greater efficiency.
However, the spatial distribution of ecosystem properties changes over time,
sometimes predictably and sometimes unpredictably (Turner, M.G. 1989). Many
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Ecosystems as complex, evolving systems

The interactions among species in a food web and their relations to water flow
and biogeochemical cycling are complex, non-linear, and contain lags and
discontinuities, thresholds and limits. Ecosystems are complex, self-organizing
systems, nested across temporal and spatial scales (O’Neill et al. 1989, Levin
1992). Because these systems are evolutionary (rather than mechanistic) they
exhibit a limited degree of predictability (Costanza et al. 1993).

Holling (1986) has described ecosystem behavior as the dynamic sequential
interaction between four basic system functions (Figure 1): exploitation,
conservation, release and reorganization.  The first two are similar to ecological
succession. Exploitation is represented by those ecosystem processes that are
responsible for rapid colonization of disturbed ecosystems and during which
organisms capture easily accessible resources. Conservation occurs when the slow
resource accumulation takes place that builds and stores increasingly complex
structures. Connectedness and stability increase during the slow sequence from
exploitation to conservation and a "capital" of biomass is slowly accumulated. The
next function is that of release or creative destruction. It takes place when the
conservation phase has built elaborate and tightly bound structures that have
become “overconnected,” so that a rapid change is triggered. The system has
become brittle. The stored capital is then suddenly released and the tight
organization is lost. The abrupt destruction is created internally but caused by an
external disturbance such as fire, disease, or grazing pressure. This process of
change both destroys and releases opportunity for the fourth stage, reorganization
where released materials are mobilized to become available for the next exploitive
phase.

The stability and productivity of the system is determined by the first two system
function, by the slow exploitation-and-conservation sequence. Resilience, as we use
the term, is different from stability. Resilience is the system's capacity to survive
disturbance—its capacity to undergo stress and yet recover, or even to endogenize
the disturbance and transcend it (Holling 1973). Stability has to do with how
resistant the system is to disturbance. Resilience has to do with how resistant the
system is to crashing, or to some other fundamental reorganization. Resilience is
determined by the effectiveness of the last two system functions. The
self-organizing ability of the system, as exhibited in release and reorganization,
determines its capacity to respond to the stresses and shocks imposed by predation
or pollution from external sources. Resilience conserves opportunity for renewal.

Biological diversity seems to play an important role in ecosystem function and
resilience. The degree of resilience is linked across temporal and spatial scales
from reservoirs of genetic material necessary for the evolution of microbial, plant,
animal and human life to diversity over the whole landscape, the mosaic of
ecosystems. Ecological research indicate that the reduction of functional diversity
and loss of resilience will move the system closer to thresholds, and ultimately
cause it to flip from one equilibrium state to another (Westoby et al. 1989, Holling
et al. 1995). Such threshold effects occur in large-scale ecosystems, for example
when loss of resilience flips a tropical forest into a grassland ecosystem, or a
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take over and run such processes when the system is perturbed (Holling et al.
1995). Loss of functional diversity and buffer capacity implies that the capacity of
ecosystems to sustain the flow of essential natural resources and ecological services
is being challenged (Folke et al. 1996).

Because of the organizational and temporal complexity of ecosystems, human
intervention may have different effects at different times, and depending on which
ecosystem components are impacted. More complex institutions may be necessary
to maintain ecosystem function in the face of human use, and they may govern not
just the level and intensity, but the timing, spatial pattern, and specific form of
resource use. In principle, there is an inherent unawareness, as well as
unpredictability, concerning these evolving, managed ecosystems and the societies
with which they are linked. The essential point is that evolving systems require
policies and actions that not only satisfy social objectives but, at the same time, also
achieve continually-modified understanding of the evolving conditions and
provide flexibility for adaptation to surprises.

Disturbance as an important part of development

Natural disturbances, such as events triggered by fire, wind and herbivores, are
an inherent part of the internal dynamics of ecosystems and in many cases set the
timing of successional cycles (Sousa 1984). Natural disturbances are parts of
ecosystem development and evolution, and seem to be crucial for ecosystem
resilience and integrity (Holling et al. 1995). If they are not allowed to enter the
ecosystem, it will become even more brittle and thereby even larger perturbations
will be invited with the risk of massive and widespread destruction.

One of the central features of nonlinear systems, and one that confounds
management, is that small disturbances can become magnified and lead to
qualitatively unexpected behaviors at more macroscopic levels; this becomes
increasingly true as system complexity increases. Understanding patterns and
interactions across spatial and temporal scales is critical for reducing the misfit
between ecosystems and institutions.

In the case of forest fires, for example, the gradual buildup of fuel during
periods without fires can provide the ingredients leading to major conflagrations.
Classical management practices endeavored to suppress fires entirely, which
increased both the stock of timber, and thus stock of combustible litter, creating
accidents waiting to happen. Such simplistic management regimes aimed at
removing local disturbances, thereby losing ecosystem robustness and resilience,
and the predisposition to catastrophic large-scale fires increased. Such fires spread
farther and burn longer and at higher temperature than otherwise, leading not just
to the destruction of trees and seeds, but also to soil erosion and a deterioration in
the capability of the system to recover (Levin et al. 1997).

Regular outbreaks of fire, in the face of fuel accumulation on the forest floor,
make some kinds of forest ecosystems resilient, just as regular elections and the
changes in government brought about by them may make somedemocratic
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perverse effect of management myopia). When they are accumulating fuel, or
otherwise slowly changing over time, the more forests are protected from fire, the
more vulnerable they become to destruction by fire. Forest managers now
recognize the value of letting small fires burn in order to maintain the resilience of
systems. Management regimes that actively respond to and permit some kinds of
disturbance are reducing the misfit between ecosystems and institutions.

These sorts of threshold effects or flips (bifurcations) can occur in many kinds
of ecosystems (Ludwig et al. 1997). The flip from one state to another is often
induced by human activity, for example by cattle ranching in savanna systems
(Behnke et al. 1993, Westoby et al. 1989), overfishing and eutrophication around
coral reefs (Knowlton 1992, Hughes 1994), and eutrophication of lakes (Scheffer
et al. 1993). Such shifts from one equilibrium to another may be virtually
permanent, as in desertification, or periodic, as for example in the recurrent
outbreaks of forest pests or diseases such as influenza. A flip to a new state may
not generate the same level of natural resources and ecological services as before,
and thereby cause social and economic consequences and conflicts.
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III. The lack of fit between conventional
management institutions and ecosystem
properties

Many current societies employ social norms and rules which (1) bank on future
technological fixes; (2) use narrow indicators of welfare; (3) employ world views
which alienate people from their dependence on life-support ecosystems; and (4)
assume that it is possible to find technical substitutes for the loss of ecosystems and
the services they generate (Costanza and Folke 1997). Such social norms and rules
have influenced natural resource management. Natural resource management
science has during the last century been geared for the efficient utilization of
resources as if they were limitless, shaped by the utilitarian premises of the early
industrial era. Nature was viewed merely as a storehouse of raw materials; resources
were thought to be valuable only to the extent that they could be used to create
wealth. Methods of resource development and management in both the biological
and economic areas, treated the environment as discrete boxes of “resources”, the
yields of which could be individually maximized (Berkes and Folke 1997).

Although many of our examples of “lack of fit” between institutions and
resources are taken from industrial or commercial modern economies, we do not
mean to imply that whatever is modern is maladaptive. The characteristics of
institutions which do not maintain the structure and function of ecological
resources are generally applicable to traditional institutions as well. We do not
subscribe to belief in the “ecologically noble savage” (Redford 1990), “living in
harmony with nature, enjoying its bounty and preserving the environment with
sympathetic understanding” (Jamieson and Lovelace 1985). We do make the
argument that in many cases proximity and direct dependence on the resource
base makes it easier to filter out and discard practices which are clearly
unsustainable, and this close connection to nature is a property of many
indigenous traditional systems.

It is true that some modern ecological problems do come from “bad ideas”
(White 1967, also see the literature on ecofeminism), but modern institutions are
not simply self-destructive: for one thing, they are in a state of flux, adapting
themselves more or less rapidly to a fossil-fuel resource based from a solar and
geological resource base (Odum 1971). Disharmony arises as the social system
tried to “fit” itself to two very disparate resource bases, and there is no guarantee
of ultimate consonance between the rationalities of industrial development and
ecological sustainability.
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Wrong focus of resource management

Based on this perspective modern natural resource management has been
successful at rapidly achieving a set of narrowly defined goals. It has focused on
controlling the flow of specific resources into the economy such as fish, trees,
water, or cattle, thereby achieving social objectives, such as employment and
economic growth. The field has relied on the use of fixed rules for achieving
constant yields, as in fixed carrying capacity of animals and fixed maximum
sustainable yields (MSY) of fish and forest prod ucts. Success has generally been
equated with increasing yields, and increasing economic returns.

This “success” has been accomplished through an active reduction of
variability in the flow of the resource into the economy, to a large extent made
possible by the development of new technology. The initial success changed the
focus from managing natural resources to improving efficiency of the methods of
resource management (including technological development). For example, bigger
fishing fleets were built and there were increased fishing efforts to maintain the
yield from decreasing fish stocks. The technological “success” amplified the
mental alienation of modern society from the dependence on functional
ecosystems. Human ingenuity expressed in new technology was believed to be an
effective conqueror of the fluctuations of nature. Management institutions, like
fisheries, forestry, agricultural and other governmental boards, became more rigid
and less responsive to critical changes in the ecosystem.

It has been profoundly disturbing to analysts that in many cases of renewable
resource management, the success in managing a target resource (food, fiber) for
sustained production has lead to an ultimate pathology of :

•  more brittle and vulnerable ecosystems,

•  more rigid and unresponsive management agencies, and

•  more dependent societies (Holling 1986).

Examples include the initial decades of chemical control of spruce budworm in
Canadian forests—where more and more control effort seem to result in larger and
larger infestations when they do occur, and forest fire suppression in Yellowstone
National Park in the USA—where almost half of the Park burned down in one
major fire in 1988, following a century of fire suppression. The very success of a
well managed fishery tends to trigger its own demise by attracting additional
capitalization and fishing effort until all resource rents are dissipated, a well known
phenomenon in fishery economics (Clark 1985). There are many examples of
apparently successful management, later leading to environmental backlash or
surprise; examples range from pesticide use, to the damming of major African
rivers (Farvar and Milton 1972).
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Short-term success leads to long-term failure

Hence, there are more and more examples of conventional resource
management that has been successful in the short term, but where experience has
shown that this type of management slowly changes the functioning and resilience
of the ecosystem that sustains the production of the natural resource (Gunderson et
al. 1995). At the same time conventional resource management deteriorates the
capacity of the ecosystem to generate essential ecological services that other parts
of society depend upon (Odum 1989, Folke 1991, de Groot 1992, Daily 1997). It
is interesting that in one sense the fit between society and its institutions and the
resource base becomes tighter with successful management, but that tight fit is
maladaptive—it is not resilient to changes in environmental conditions. The
optimal “fit” between institutions and the resources they govern may not be the
tightest fit.

Conventional resource management is predisposed to reduce variability and to
block out disturbances. Conventional environmental management tends to do the
same with environmental problems. This may be "efficient" in a limited sense in
the short term. But as clarified in the previous section disturbances are endogenous
to the cyclic processes of ecosystem development (Holling et al. 1995). If they are
not allowed to enter into the system they will accumulate and return at a later stage
on a much broader scale.

For example, intensive agriculture creates soil erosion and salinization of soils
from irrigation. Instead of responding to the feedbacks from degrading
agricultural ecosystems, management uses more fertilizers to compensate for loss
in ecosystem productivity. Acidification provides an example of the same
phenomena in environmental management. Instead of focusing on the reasons
behind local air pollution, higher smokestacks were built as a remedy to air
pollution. If that would have happened in only a few places in the industrial world,
it might have been a long-term solution. But numerous local stacks were built,
causing an accumulation of sulfur compounds in the air that has resulted in
widespread regional acidification problems. A local small disturbance has turned
into a large regional disturbance.

Hence, it seems like conventional resource management tends to increase the
potential for larger-scale disturbances and even less predictable and less
manageable feedbacks from the environment. These feedbacks, or surprises
(perceived reality departs qualitatively from expectation), can have devastating
effects on ecosystems and on societies that depend on the resources and services
that ecosystems generate. This pattern of exploitation, the pathology of
conventional resource management, seems to have been more the rule than the
exception, and has been described in numerous case studies (e.g. Regier and
Baskerville 1986, Acheson et al. 1997, Ludwig et al. 1993, Finlayson and McCay
1997).

Crisis for institutional learning?
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However, if we examine the pathology over a longer span, we find that another
kind of surprise may occur. There are cases in which external and internal crises,
amplified by the pathology, trigger a sudden lurch in understanding, a redesign
and expansion of policy, and a return of flexibility and innovation. Under certain
conditions, crisis seems to trigger institutional learning (Holling and Sanderson
1996). There have been enough cases to prompt a book-length exploration of
examples of pathological exploitation, followed by crises and learning. Examples
range from the Everglades of Florida, the forests of New Brunswick, the estuary of
Chesapeake Bay, the Great Lakes, and the Baltic Sea (Gunderson et al. 1995).

In New Brunswick, for example, the intensifying deadlock in forest
management, combined with slowly accumulated and communicated scientific,
economic, and social understanding, led to an abrupt transformation of forest
policy. Once freed from local constraints, policy could be set in an adaptive
framework designed to achieve both ecological and economic benefits (Baskerville
1995). The new policy functions for a whole region by transforming and
monitoring the smaller-scale stand architecture of the landscape and by releasing
the productive and innovative capacities of industry.

Viewed this way, the message from pathological examples becomes entirely
different. The examples indicate that pathology itself may trigger learning and
innovative re-design towards sustainability. Indeed, crisis may be a necessary
condition to provide the understanding for system change (Gunderson et al.
1995).  The research question becomes whether one can predict certain kinds of
institutional innovation from certain kinds of crises or pathologies. Crisis can be
either a creative or a destructive spark, depending on the kinds of social structures
that are challenged. Crisis can help agents break through dense or encrusted
institutional structures to achieve useful innovations, but if environmental crisis
attach too strongly to structures of social signification, they may lead to social as
well as environmental disaster (Frances Westley, pers. comm.).

One way that “ normal”  resource crises can create social crises is if they are
allowed to build up to a level where they challenge the survival of the community, a
region, or society as a whole. As we learned from the collapse of the Newfoundland
cod fisheries (Finlayson and McCay 1997), the price of learning from such crises
may be extremely high, and social and economic consequences severe. Since
ecosystems are nonlinear complex systems, the sum total of our actions may cause
them to lurch to quite different, and potentially unwelcome, development branches.
Thus, small changes in global mean temperature caused by numerous anthropogenic
sources could lead to a shift in the Gulf Stream; extinction of certain keystone
species caused by widespread land use changes may magnify into losses of
ecosystem function (Levin, 1997). As resilience of the ecosystem gradually declines,
flexibility is reduced and ultimately lost, and the social system becomes more
vulnerable to surprise and crisis (Holling et al. 1997).
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IV. Economic and social barriers to the fit
between ecosystem and institutions

Some of us have argued elsewhere that a fundamental reason for the lack of fit
between institutions and ecological processes is the mental separation-from-nature
that has arisen in modern societies. The modern world creates and tightens
intersystems linkages, hierarchies, and interdependencies between local resource
users and the wider society, through the market, political control, and social
networks. Interestingly, the result of the tightening is to distance resource users
from the resource base, to disconnect production from consumption, and to
disconnect the production of knowledge from its application (Jodha 1995). The
separation of humans and nature has alienated society from its dependence on
functional ecosystems and the support that they provide for social and economic
development (Berkes and Folke 1994).

Many decisions taken in society entail ecological externalities, which accumulate
and change critical properties and the capacity of ecosystem to provide support.
The environmental literature has typically over-emphasized simple cases of
deterioration, e.g. clearing and burning of tropical forests and mangrove
ecosystems, waste problems associated with urbanization, and emissions of
greenhouse gases and ozone depleting chemicals. These are the proximate causes
of environmental change. Increasing attention is being paid, however, to the
indirect or underlying social and economic driving forces behind the proximate
causes.

Underlying driving forces

These driving forces can include tenure regimes, technological change,
international financial assistance and pressure for structural adjustment,
government economic and social policy, demographic change, international
environmental institutions, and world commodity markets, as well as even more
distant determinants of environmental change such as power relations in society,
world-view, lifestyle, religion, ethics, and values. Some of these driving forces are
the subject of research trying to correlate environmental change with external
drivers. What is unclear in a general sense are the mechanisms by which changes in
driving forces work through to impacts on the proximate causes of environmental
change. There are time lags, spatial-diffusion processes, and convoluted
transformations of broad-scale socioeconomic and biophysical signals. One task is
to identify these time lags and diffusion processes, in itself a gargantuan task—but
the further task is to specify the many variations that can invert, buffer, amplify, or
otherwise transform driving forces into landscape signatures.2
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For example, many researchers have found strong links between the external
sector (international commodity prices and exchange rate dynamics, or ENSO
oscillation) and changes in land use or cover, such as forest biomass or cropping
schedules. But these results are difficult if not impossible to generalize across
regions and between nations, however, and simple correlations tend to fall apart.
Similarly, some research postulates a straightforward link between population
levels (or rates of change) and deforested area (or deforestation rates), but such
relationships typically provide no more than 50% of the explained variance in
forest cover across diverse regions (Mather 1996) and commonly disappear in
place-specific analysis (Kasperson, Kasperson & Turner 1996). When these
supposed macro-mechanisms are not understood and set in context, even
statistically significant correlations may be spurious.

Scale and driving forces

The explicit recognition that driving forces vary across scales of space and time
is often missing in analysis of environmental change, and the omission is even
more glaring in much institutional analysis. Driving forces vary with their “causal
distance” from decision-makers, and are often typologized as proximate,
intermediate, and distant (Turner, B.L.,II et al. 1993). They can also be categorized
according to the space and time scales they occupy, so that analysis of institutional
forms at a particular scale will draw attention to particular driving forces (see
Figure 2). Increasingly, the discovery that “scale matters” has evolved into a more
sophisticated understanding of the importance of scale.

Recognizing the importance of scale may resolve some puzzles in comparative
research. The conventional thinking on scales emphasizes finding the right scale of
analysis to solve particular problems, rather than using arbitrarily imposed scales.
This is a useful but limited innovation: our argument is that ecosystem properties
that cause the most trouble for management are those that are linked across scales.
This argues for a multi-scale approach to institutional analysis, at the very least.
Working at multiple scales, however, has frequently been reduced to farming out
research at different scales to different researchers, then compiling the results in an
edited volume and calling it multi-scale analysis. Innovative working at multiple
scales involves crossing and linking scales—not just multiple scale analysis, but
cross-scale analysis (see Table 1).

As has been said in reference to nested scales (indeed, it has been a specific
complaint against Figure 2), "the world is not a set of Chinese boxes."  Static
approaches to hierarchy theory are satisfied with a snapshot of processes
describing the scales at which they operate. In the real world, it is found that these
scales change over time Gunderson et al. 1997. Many of the problems and
processes to be addressed have characteristic time periods which are speeding up,
or spatial scales which are expanding and synchronizing. An important component
of scale-sensitive research is to explain how this occurs, and to develop new ways
of modeling systems whose fundamental underlying structure is changing over
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time. The test of a good model may not be whether it is successful in predicting
particular ecosystem-institutional interactions and consequences, but whether it
helps in understanding the importance of changes in the structure of the system in
question.

Because of problems crossing scales, the idea that we can identify a single good
policy lever to affect ecosystem properties loses credibility. By the time the
dynamics of drivers at one scale are estimated, policy scales at other scales may
well have changed. It is also possible that cross-scale manipulation is too
complicated or blunt an instrument anyway, as in the case where all natural
resource change is driven by local terms of trade instead of international terms of
trade, or similar. It is hypothesized in general that the cross-scale "pass through"
varies according to the resource use activity itself, as well as its "connectedness" to
macroscale drivers.

An important and overlooked discontinuity involves what economists might
term the price transmission elasticity for exogenous variables (Sutton & Webb,
1988). For example, consider the case of the proposition that international
agricultural prices determine a significant share of agricultural land use. To what
extent (and through what mechanisms) do these prices pass through to the micro
level?  Is it true that all hierarchical systems conduct price signals with identical
"resistance?"  If not, what are the implications for using international prices as a
driving force at the unit of production (land-use manager) scale?  Most
importantly, what makes different resource-use systems more or less permeable to
such macroscale signals?  How do these land-use system vulnerabilities vary
through time?

In many models, markets are considered to be an "efficient" conductor of price
signals, but that conductivity is contextual and only dominant in certain property
regimes. The important observation is that the transmission of prices is determined
by the institutional setting, and in agriculture, the institutions governing
commodity trade often "subvert" (i.e., buffer, stabilize, or block) international price
signals as they pass through to local markets. Moreover, even relatively
unprotected or "exposed" markets, where farm gate prices track international
prices, decisions about production, consumption, exchange and distribution are
made by actors who, in turn, operate on a remarkably wide range of scales, from
individuals/households to national and multinational firms, and through a broad
palette of cultural diversity. In this way signals on an international level may be
propagated down to the farm level in complex pathways, with remarkably different
effects (Sanderson and Pritchard 1998a).

This linkage is important for understanding the problem of fit for several
reasons. First, just as there are clear mismatches between the scale and scope of
ecological processes and the institutions that manage them, there are clear
mismatches between the dynamics of external driving forces and the on-the-
ground processes upon which they impinge. By their very nature, many of the
driving forces are one-way, top-down forces that do not receive feedback from the
consequences they engender. Second, the information which governs the dynamics
of external drivers may be completely unrelated to their environmental and social
impact—governments that set food price policy tosatisfy the demands ofurban



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

countryside. Third, local institutions that govern local resource use respond to
these external forces, either by evolving mechanisms for dealing with the
uncertainty they introduce, or by organizing to confront and influence the larger
scale processes which govern them.

Obviously, the misfit of scales is central to the problem of fit within institutions
and between ecosystems and institutions. Lee (1993) attributes the problem of
over-exploitation to a mismatch of scales: “when human responsibility does not
match the spatial, temporal, or functional scale of natural phenomena,
unsustainable use of resources is likely, and it will persist until the mismatch of
scales is cured.”

Spatial mismatches occur where the boundaries of management do not coincide
with the boundaries of the ecological entity. The “problem of the commons” may
be seen as a spatial one: the shepherd owns her individual animals but not the
(more extensive) land that nourishes them and which is open to all. There is no
system of rights and responsibilities that describes and manages how grazing is to
take place and how it is to be sustained on the pasture as a whole. And even if it
existed, how would it relate to the ecological dynamics of the pasture? The
problem is one of getting the scales right in a dynamic and adaptive fashion; thus
collective action hold a solution for the so-called “problem of the commons.”

Temporal mismatches are often discussed in reference to time horizons of
planners and politicians (short) relative to environmental and social changes
(long). Management myopia resulting from the rhythms of the electoral cycle is
not limited to environmental issues; it pervades political economy and
macroeconomics (Dornbusch and Edwards 1991). It is equally likely that temporal
mismatches display the reverse problem—that in rapidly changing environments
social systems are slow to respond and are characterized by cultural inertia and
organizational rigidity (Kuran 1988).

Functional mismatches are mismatches of scope. Resource users may have very
specific desires from a highly complex ecosystem, and they may tend to focus
their management actions narrowly, ignoring side effects. In the area of
environmental regulation, bureaucratic micromanagement through command and
control policies often causes unintended consequences, or drives the regulated user
to search for loopholes. But control may be too broad as well as too narrow.
Mismatches of scope may occur when too unwieldy a policy tool is used to
manage fine details of a system (trying to control land use with a tax on an
internationally-traded commodity).

Responses to surprise

One way of structuring an inquiry into human social and economic processes at
multiple scales is with a typology of response to surprise. Gunderson et al. (1997)
have already proposed a three-fold typology of surprise, which not surprisingly
have different types of institutional responses.
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Type-I surprises are what Gunderson calls local surprises. They may be created
by a narrow breadth of experience with a particular system, either temporally or
spatially. Local surprises have a statistical distribution, and response to these
surprises is to form subjective probabilities, and to use new information to update
those probabilities in a Bayesian fashion (although following Heiner (1983) we
might guess that this is only appropriate for very simple environments). Based on
these estimates, there are a wide range of adaptations to risk that are amenable to
economic rationality on an individual level, including risk-reducing strategies and
risk spreading or risk pooling across independent individuals. Type I surprises are
manageable by individuals and associations of individuals. There is probably no
collective action problem.

Adaptation-to-risk-strategies fail when surprises are not local, or when
individuals are not independent. Type II surprises (Gunderson’s panarchy
surprises) occur when there are cross-scale interactions, such as when local
variables coalesce to form a regional or global pattern, or when a process exhibits
contagion (as with fire, insect outbreak, and disease). Unintended consequences
resulting from the action of many individual agents is a Type II surprise.
Individual responses are not generally effective (although there are special case—
Coase’s (1960) farmer and herder come to mind): instead individuals may act in
concert, if appropriate institutions are available or are readily formed (McKean
1996).

The final class of surprise by definition precludes prediction: Type III surprises
comprise true novelty, never-before-experienced phenomena for which strict pre-
adaptation is impossible. However, it may be possible that some systems cope with
Type III surprises better than others, if they have developed mechanisms for
reorganization, learning, and renewal (Holling and Sanderson 1996). Type III
surprises are especially useful in revealing latent processes that are undiscovered in
"normal" times. Douglass North (North, 1993) has quoted Frank Hahn (1987) to
say, "There is a continuum of theories that agents can hold and act upon without
ever encountering events which lead them to change their theories." Type III
surprises may generate that kind of change, or at least reveal the latent mental
models to researchers. Oliver Coomes has begun work with an Amazonian
community whose blackwater (oligotrophic) tributary was captured by the main
whitewater river in a single flood event which reconfigured the watercourse, and
changed the nature of the fishery. He has been able to observe differential success
in adaptation in different communities based on pre-flood patterns of organization
that before had seemed unimportant (discussed in Sanderson and Pritchard
1998b). But success in coping may have more to do with the timing of the surprise
than with overall societal flexibility.
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V. Management practices and social
mechanisms for ecosystem-institutional fit

The lessons from the literature on common property resources indicate that
local-level institutions can learn and develop the capability to respond to
environmental feedbacks and surprises faster than do centralized agencies. Some
of the most sophisticated local institutions are found in areas in which these
systems have developed over a long period of time, in the order of hundreds of
years. Examples include Spanish huertas for irrigation, Swiss grazing commons
(Ostrom 1990), and marine resource tenure systems in Oceania (Johannes 1978).
In other areas, successful institutions have evolved over a short period of time (in
the order of one decade) in response to a natural resource crisis. An example is the
Turkish Mediterranean coastal fishery in Alanya (Berkes 1992). Yet other systems
have collapsed and recovered sometimes more than once (Berkes et al. 1989).
Ostrom (1990) has derived what are by now well known design principles from
studies of long-enduring institutions that seem to have been successful in
managing resources in a sustainable fashion.

Complex systems and local institutions

The volume Linking Ecological and Social Systems: Managing Practices and
Social Mechanisms for Building Resilience (Berkes and Folke 1997) seeks to
integrate two streams of resource management thought that differ from the
conventional approach in order to improve the fit between institutions and
ecosystems. The first involves rethinking resource management science in a world
of complex systems with non-linear relationships, thresholds, uncertainty and
surprise, using systems approach and adaptive management. The second involves
rethinking resource management social science by focusing on institutions, largely
property rights institutions and in particular common-property systems.

The combination of those two streams of resource management has resulted in
new insights concerning social-ecological linkages that contribute to building
resilience of the combined social-ecological system. These insights into the
problem of fit were generated from thirteen case studies from a diversity of
ecosystems in different parts of the world, and from both traditional and
contemporary societies (Berkes and Folke 1997).
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First we identified a diversity of management practices based on ecological
understanding and knowledge. The practices ranged from monitoring and
managing specific resources, to ecologically sophisticated practices that respond to
and manage disturbance and build resilience across scales in complex ecosystems
(Table 2). Such management practices include protection of certain species, stages
in their life-history, and habitats; multiple species and multiple scale management
of ecosystem processes; temporal restriction of harvest, resource switching and
rotation, management of different phases of ecosystem development, landscape
patchiness and whole watershed management.

The first five management practices in the table also exist in conventional
management, but in contrast to conventional management there are in our case
studies generally effective regulations, enforcement actions and social sanctions
associated with those practices. The other eight practices are rare or non-existing in
modern society, but they are very sophisticated from an ecosystem management
perspective. For example, Chisasibi Cree hunters rotate trapping areas on a four-
year cycle to allow populations of beaver to recover, seem to manage fish on a 5-
10 year scale, and caribou on a 80-100 year scale (Berkes 1997). Succession is
managed in shifting cultivation system, like milpa of tropical Mexico, where
agriculture is a sequential cropping of crops and non-crops (Alcorn and Toledo
1997). The small-scale movements of Sahelian herders are designed to mimic the
variability and unpredictability of the landscape patchiness (Niamir-Fuller 1997).
In ancient Hawaii whole river valleys were managed as integrated farming systems,
from the upland forest all the way to the coral reef (Costa-Pierce 1987). The
Gitksan of British Columbia is concerned not only with the production of fiber
over several square kilometers, but also with the maintenance of ecological
processes involving soil bacteria at the spatial scale of a few square meters
(Pinkerton 1997). Range reserves of African herders provide a ”savings bank” of
forage that serves as buffer to disturbance and surprise (Niamir-Fuller 1997).
Sacred groves in India absorb disturbance by serving as fire breaks for cultivated
areas and villages (Gadgil et al. 1997). Some nomads behave like a disturbance by
following the migratory cycles of the herbivores from one area to another,
contributing to the capacity of the semi-arid grasslands of Africa to function under
a wide range of climatic conditions (Niamir-Fuller 1997).

Many of these management practices are in stark contrast to conventional
resource management. They do not regard forests as a storehouse for timber, or
oceans as standing stocks of fish populations. They understand that the resource is
a part of the system and has to be managed as such. They monitor and interpret
the dynamics of complex ecosystems to secure a flow of the resource.

Social mechanisms and institutions
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proceeds from ecological knowledge to underlying worldviews. Institutions, in the
sense of rules-in-use, provide the means by which societies can act on their
ecological knowledge and use it to produce a livelihood from resources and
services in their environment. Both knowledge and institutions require mechanisms
for cultural internalization, so that learning can be encoded and remembered by
the social group. Worldview or cosmology gives shape to cultural values, ethics,
and basic norms and rules of a society (Berkes and Folke 1997).

The underlying question about the relationship between the cultural values
espoused by a people and the way that these people interact with their environment
is a form of an older question: What is the relationship between ideas, institutions,
and the material conditions of existence (Jamieson and Lovelace 1985)? In the
present paper, we abandon simple ideas of environmental or social determinism,
and of human/nature independence, in favor of a coevolutionary view of the origin
and maintenance of ideas, institutions, resources and societies. The biophysical
world is not seen as a single strong determinant of social mechanisms, but neither
is it passively molded by human ideas and actions, nor is it simply a backdrop
against which the human drama unfolds.

Examples of social mechanisms include the hunter’s guild of the Yoruba in
Nigeria that functions as a knowledge carrier to maintain ancient traditions and
indigenous ecological knowledge (Warren and Pinkston 1997). Reef and lagoon
fishery management in Oceania show pervasive spatial ecological knowledge
diffusion inferred through striking similarities in the management system across
island groups (Johannes 1978). Various kinds of taboos are ecologically
functional and have potential to build resilience in ecosystems (Colding and Folke
1997, Gadgil et al. 1997). Many resources are not managed by numbers but
through the social conduct (Acheson et al. 1997). Rituals help people remember
the rules and interpret signals from the environment appropriately (Chapin 1991).
The vanua concept in Fiji is an integrated human-nature concepts which regards
the land, water and human environment as a unit, one and indivisible (Ruddle et al.
1992). Several such pre-scientific ecosystem concepts are known from Europe,
North America and Asia, as well as from throughout Oceania where they have been
well documented (Costa-Pierce 1987, Gadgil and Berkes 1991). They represent
examples of whole drainage basin management of humans and nature.

Furthermore, some institutions seem to be able to produce rules that "kick in"
following certain kinds of stresses. In both traditional societies and contemporary
resource management, tighter management rules seem to emerge in some cases
following an intensification of resource use or decrease in resource supply.
Examples include the emergence of tightly regulated family-based hunting
territories in the last 200 years in James Bay in place of loosely regulated
community-based territories (Berkes 1989), the emergence of a system of
"cascading property rights" for water use in Florida in the droughts of the 1970s
and 1981-82 (Light 1983), and the incipient institution of ”sleeping territoriality”
of some Pacific Islands, which serves a blueprint of property rights that is activated
when fisheries resources are becoming scarce (Edvard Hviding, University of
Bergen, personal communication). Such ‘latent functionality’ is of great deal of
interest in terms of examining adaptive capacity of institutions to resource and
ecosystem change It resembles theredundancy ofbiodiversity in ecosystems
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normal conditions, serve a capacity to absorb disturbance that challenges the
processes and functions of the system (Holling et al. 1995).

Responding to disturbance

There are many examples of local communities that have recognized the
necessity of the coexistence of gradual (exploitation and conservation phases) and
rapid (release and reorganization) change as described earlier for the forest fires in
ecosystems (see Figure 1). We believe that in their institutions they have
accumulated a knowledge base for how to respond to dynamic changes in
ecosystems (Berkes and Folke 1997). Holling et al. (1997) argue that they have
developed social mechanisms that interpret the signals of creative destruction and
renewal of ecosystems and cope with them before they accumulate and challenge
the existence of the whole community. Disturbance entered at smaller scales, and
could not be blocked out. The local institutions evolved so that renewal occurred
internally while overall structure was maintained. It is important to stress that those
management practices and social mechanisms did not develop because these local
communities were unusually insightful or ”noble”. A major reason, we believe,
was that they were not in a situation of choice. There were no capital markets or
insurance mechanisms that could pay for a sudden loss in a resource flow. There
was no technical equipment and no fossil fuel-based infrastructure to block out
disturbance and mask ecosystem deterioration.

Presumably, the social mechanisms of Table 2 represent only a tiny fraction of
existing human-environmental adaptations. The practices and mechanisms provide
a reservoir of real world active adaptations that may be of value in designing for
sustainability (Gadgil et al. 1993). Several of them prevent the build up of large-
scale crisis. They allow disturbance to enter at a lower level and they build
resilience, in contrast to resource management in large parts of contemporary
society where disturbance is actively blocked out and variability is reduced or
eliminated.

The social-ecological practices, mechanisms and principles identified in Berkes
and Folke (1997) have the potential to improve conventional resource
management by providing: insights for designing adaptive resource management
systems that flow with nature; novel approaches to forestry, agriculture, fisheries,
aquaculture and freshwater management; lessons for developing systems of social
sanctions and successful implementation and enforcement of sustainable practices;
means to avoid surprises caused by conventional resource management;
experiences in managing fluctuations and disturbance, and directions for how to
build social-ecological resilience for sustainability.
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VI. Adaptive management and nestedness
of institutions

Enhancing the resilience of ecosystems to disturbance will be increasingly
important in the light of threats from global environmental change.
Ecotechnology (e.g. Mitsch and Jörgensen 1989) and ecosystem restoration (e.g.
Cairns 1995) are tools that have great potential to increase this buffer capacity.
However, they will be difficult to implement if they have no social/institutional
framework to act within.

Adaptive management

Flexible social systems that proceed along by learning-by-doing are better
adapted for long-term survival than are rigid social systems that have set
prescriptions for resource use. Integrative ecosystem management can proceed by
a design that simultaneously allows for tests of different management policies and
emphasizes learning-by-doing. Called adaptive management, this approach treats
policies as hypotheses and management as experiments from which managers can
learn (Holling 1978; Walters 1986). This means that we need to view the
implementation of policy prescriptions in a different, more adaptive way that
acknowledges the ever-present uncertainty and allows participation by various
stakeholder groups. Adaptive management views regional development policy and
management as “experiments,” where interventions at several scales are made to
achieve understanding and to identify and test policy options (Holling 1978,
Walters 1986, Lee 1993) rather than as "solutions." Adaptive management
effectively breaks down the barrier between research and management. As it
proceeds in a stepwise fashion, responding to changes and guided by feedback
from the ecosystem, it allows for institutional learning (Gunderson et al. 1995).

Institutional learning and bounded rationality

Understanding institutional learning (if it exists) requires understanding of the
evolutionary processes of institutions. Recent advances in cognitive science have
again highlighted the importance of bounded rationality in the development of
human institutions (reviewed in Conlisk 1996). North has recommended this
literature to economists for the new frontiers it opens up for understanding
institutions and bounded rationality (North 1993). The distinctiveness of the
bounded rationality literature is its focus on imperfect rationality rather than
imperfect information (Day and Pingle 1991)—the deliberation cost problem, as
distinct from the transaction cost (Coase 1960) or the information cost problems
(Conlisk 1996). Bounded rationality is appealing in that it adheres to an economic
notion for its explanation of institutional behavior—that human cognition is scarce
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constructs, that the environment in which humans operate is complex, and poorly
understood.

One example of the importance of boundedly-rational behavior in the evolution
of institutions relies on the notion of a competence-difficulty gap. Ronald Heiner
(1983) argues that the origin of predictable, or rule-bound, behavior (such as an
institution) is not in situations where human agents model their environment well,
but in those situations where there is a high level of uncertainty. Under certain
conditions, a higher degree of flexibility increases the probability of making costly
mistakes, relative to abiding by an institution. In Heiner’s formulation, humans
add behaviors to their repertoire under the condition that they can choose when to
use them reliably. Unreliability comes from (a) environmental complexity and (b)
human fallibility in perception and in decision-making. Heiner thus proposes a
way to answer the following kinds of questions:

•  When will a person (or group) decide to be behaviorally responsive to
environmental information, and when will they decide to be unresponsive?

•  When is the right time to search for more information?

•  When is it the right time to learn?

Note that Heiner’s argument is not that institutions evolve to reduce uncertainty
(although that is a second order effect), but rather that they evolve in response to
uncertainty, because humans are unable to respond optimally to numerous and
hopelessly complex sets of relationships. (At least some) institutions result not
from a sophisticated understanding of the environment, but from the inability to
cope with its complexity. The implication is that there are times when more-and-
more information is not useful, and that simple heuristics, myths, or institutions are
more beneficial on average in structuring behavior.

The theory thus encompasses at least one form of  “irrational behavior”—the
problem of time inconsistency. Jon Elster proposes that when individuals know that
they will be tempted to act against their own self-interest by attending to the wrong
signals, they will engage in binding behavior: an alcoholic may determine in
advance to take a drug which makes him physically ill when consuming alcohol.
Such behavior is a determination to focus on longer-time-scale information (such
as the state of his health) which varies more slowly than the short-time-scale
temptation (the euphoria that comes from having a drink). Behavior that is more
flexible may not be more “fit” if there is the potential for time inconsistency.
Rigid behavior is more adaptive in this case. It is reasonable to assume that certain
natural resource institutions perform the same role at times—mitigating the
temptation to overexploit a resource.

Heiner’s theory also helps to explain why individuals (and by extension,
societies) would “rationally” resist evidence, and persist in conservative behaviors.
Heiner refers explicitly to the punctuated equilibrium literature, and especially to
Kuhn’s discussion of the discontinuous process of paradigm change (Kuhn 1962),
in pointing out that lack of (Heinerian) reliability will cause scientists to resist new
theories and to systematically ignore accumulating evidence. This may have been
the case in the collapse of the Newfoundland cod fisheries described by Finlayson
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escalated, that failure could be caused by fishing itself. The irony of the case is that
the inshore fishers were unable to convince managers and scientists of the
impending crisis; managers and scientists were preoccupied with the offshore
fishery and completely missed the signals that the inshore fishers were learning
from - until the entire stock collapsed. Institutional learning through adaptive
management may indeed require a crisis.

Nested institutions

Narpat Jodha sees resource management systems which are directly (totally and
crucially) dependent on local resources, with close proximity and intimate
knowledge of the resource base, associated with closed or isolated situations, as
being “ecology-driven” (Jodha 1995). For Jodha, fit is a function of proximity,
physically and economically, to the resource base and isolation from other
influences. By implication, he is saying that only when isolated, closed, and
dependent on resources does traditional ecological knowledge evolve and persist.
We challenge this perspective below, with the observation that broader institutions
are not only politically and economically probable, but that they may be able to
negotiate a better fit to broader and slower biophysical attributes of the system as
well.

A more general question is posed: what are the ways that local resource
management can be coupled to larger scale institutions without losing its local
“fit” to the resource base?  How can states and national governments be coupled
to resource users in non-disruptive ways? One answer we propose is the so-called
“tenurial shell” (see below). Another answer, which we note but do not explore in
this paper, sees indigenous agents in their role resisting hierarchical control,
seeking accommodation with large-scale power structures from a position of at
least limited power—at various times either helped or hindered by the international
community (Peluso 1992; Tsing 1993; Taussig 1987).

As we have stressed earlier, the institutions of conventional (read “modern”)
resource management have been successful in producing yields and economic
growth in the short term, but has not been very successful in safeguarding the
dynamic capacity of ecosystems or in managing social-ecological systems for
resilience and sustainability. In building centralized bureaucracies for
environmental management over the years, it has been assumed that resource
management can be scaled up. That does not seem to be the general case.

Understanding the failure of centralized bureaucracies is a fundamental task in
analyzing ecosystem-institutional linkages, and must be viewed historically. What is
the result of commercialization of agriculture, the integration into the market, and
the penetration of centralized administration on all forms of “middle
management” by human institutions? What forms does the political integration
process take—when and how does the state replace or alter local community
institutions? For many developing countries, this process has gone on in pre-
colonial, colonial, and national periods, with different forms of state authority
ff ti l l t i tit ti i diff t
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But all centralized management institutions could not be replaced by
community-level institutions. That would be to assume that resource management
could be scaled down. The evidence from various case studies support the
proposition by Holling et al. (1997) that environmental and renewable resource
issues tend to be neither small-scale or large-scale but cross-scale in both space
and time. It follows therefore that the problems have to be tackled simultaneously
at several levels. Thus the power of centralized management agencies should be
partly redistributed to local-level institutions and balanced, not eliminated.
Management power and responsibility should be shared cross-scale, among a
hierarchy of management institutions, to match the cross-scale nature of
management issues.

Holling and Sanderson (1996) present attributes of institutions in different
phases of institutional development. Centralized management institutions seem
increasingly to dominate in the development phase from innovation to
consolidation. But they seem to play a less importance role in the phases of release,
renewal, and transformation (Schumpeter 1950) (Table 3). A fundamental
mechanism enhancing the resilience of natural and social systems alike is
variability and adaptations through renewal. Opportunities for periodic reshuffling
within institutional levels seem to maintain adaptive opportunity for renewal. The
institutional capacity to maintain opportunity for renewal within and between
social and ecological systems may be particularly important on the regional and
global scale, if we are to cope successfully with planetary or climatic stresses.

Local institutions may play an important role in monitoring and responding to
ecosystem change, as we have shown above, but they will never be effective unless
they are connected to larger institutions in a way that permits flexibility,
adaptability, and resilience. For example, in order to survive, the locally adapted
social-ecological systems analyzed in Berkes and Folke (1997) need to be
protected (but not isolated) from external driving forces such as macroeconomic
and trade policies, which may not be uniformly appropriate for all local systems.
Such support can be provided by umbrella institutions such as the tenurial shell for
local community forest management created by the Mexican state (Alcorn and
Toledo 1997), or through nested sets of institutions (Ostrom 1990, Hanna et al.
1996). Such nested systems of governance exist for example in the co-
management process in Maine’s soft-shell clam fishery for the sharing of rights
and responsibilities between the State of Maine and the local community (Hanna
1997).

Nestedness does not necessarily imply a top-down hierarchical structure. In
governance terms micro-phenomena (like the choice of lifestyle) can have a strong
accumulated macro-effect, and the core causality might be difficult to trace to one
level or the other. There are synergy effects drawing on sources from many levels
simultaneously, i.e. the effects are contextual.

Nestedness does not imply tight links. There may be loose coupling, in the sense
that local communities only communicate a small set of information to the higher
level institution. According to Holling and Sanderson (1996) such loose coupling
allows a wide latitude for experimentation within levels. But experimentation
requires that ecosystem has not been seriously reduced In thatcase
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complex ecosystems is therefore of great importance (Berkes and Folke 1997).
Until modern human institutions are responsive to ecosystem dynamism, and
designed to flex with natural variability, their principle impact will be to impede
nature, not to sustain the life-support system on which they depend.

What this suggests is that policy and institutional building should be concerned
with more than the immediate consequences of incremental actions. It should
recognize the potential for an accumulation of small actions, each on their own
perhaps quite harmless, to destabilize important natural and social systems. The
difficulty is that, while we can predict with reasonable confidence the immediate
consequences of an incremental action, we cannot predict the consequences of an
entire sequence of actions without understanding the systems potentially being
affected by them (Levin et al. in press).
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VII. Research challenges for the problem
of fit between ecosystems and institutions

Clearly, conventional approaches will not suffice to cope with a spectrum of
potentially catastrophic and irreversible environmental problems caused by loss of
biodiversity and ecosystem resilience. According to Levin et al. (in press) these
problems are characterized by their unpredictability (surprise is to be expected);
by the potential importance of thresholds and domain shifts; by the difficulty of
detecting change early enough to allow effective solutions or even to develop
scientific consensus on a time scale rapid enough to allow effective solution; and
by the likelihood that the signal of change, even when detected, will be displaced in
space and time from the source, so that motivation for action is small.
Conventional market mechanisms will be inadequate to deal with these problems.
Response systems and institutions that are flexible and adaptive are needed.

How can we stimulate the development of institutions that respond to
environmental feedbacks and that safeguard the capacity of ecosystems to generate
essential resources and ecosystem services? There must be social mechanisms in a
society by which information from the environment may be received, processed
and interpreted to build resilience of the linked social-ecological system. At
present there is a pervasive lack of social response mechanisms for dealing with
changing environmental conditions. Needed are institutions that are in tune with
the functions of ecosystems and the natural resources and ecological services that
they generate at multiple scales. What are the prospects for making this happen?

A major challenge concerning the problem of fit is to build institutions that
monitor ecosystem change, and that generate, accumulate and transfer ecological
knowledge and understanding. A new concept of management must provide for
actions that nurture rather than constrain variability and that allow disturbance to
enter at scales that do not disrupt ecosystem performance and resilience.

Obviously, the list of issues that need to be addressed for improving the
institutional-ecosystem fit is almost infinite. In the following we suggest a few lines
of inquiry with the potential to improve the understanding of these relationships. A
great deal of prior research has focused on the structure of ecosystems or the
structure of institutions. We consider the dynamics of institutional change and their
relation to ecosystem change and resilience to be the interesting issues.

Monitoring, communication, and indicator-building
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•  Which stakeholders monitor which kinds of environmental signals? How is the
responsibility for monitoring spread across stakeholders?

•  What environmental signals are systematically ignored and why? (This question is
as important as what signals are attended to; see Heiner 1983).

•  What kinds of change are monitored for important environmental signals? Are
levels monitored, or their variability, or the potential for sudden or irreversible
change? Each of the kinds of monitoring can imply different sorts of
institutional responses. Changes in the levels of resource stocks or flows may
result in changes in levels of hunting or harvesting pressure, while changes in
variability will affect forms of risk management, and the threat of collapse may
induce more fundamental institutional restructuring.

•  Who has social standing to report environmental information, and who may
interpret it? Who has the power to act? Environmental signals must be passed
from monitors to actors, and information can be lost, twisted, amplified or
attenuated in the process.

•  What sorts of ecosystem signals are used or are potentially useful as indicators of
significant environmental change? (With this question there are opportunities to
link to existing international programs to develop indicators of environmental
change for policy-making purposes. By considering the role of indicators and
their theoretical connection to institutions, it may be possible for the policy-
community concerned with indicators to engage social scientists with a wide
breadth of experience in linked social-ecological systems, and vice-versa.

Measuring the scale of an institution

How can the scale of an institution be measured? Institutions have multiple
attributes, as do the ecosystems they govern, and these may not necessarily operate
at similar scales. Property rights, for example, may be classified in many ways, and
each leads to a different measure of scale and a different interpretation of
institutional fit (Hanna et al. 1996). This is illustrated by the following questions
about a property right (inspired by Parker Shipton, 1987):

(a) right to what? What resource or ecosystem attribute is the right over? What is the
valuable property in question, and what are its spatial and temporal scales? This is
essentially an ecological question

(b) right for what? What are the legitimate uses or actions which are permitted relative to
the resource? Shipton recognizes rights of use, transfer, and administration. This is a
question of functional scale, or scope.

(c) for how long? The temporal scale of the right includes the customary length of
tenure, which may be for a season, for a lifetime, or until some specified conditions
hold. There are several attributes that will govern the temporal scale of the right,
relating to the time scale of the resource (lifespan, rates of movement), the period of
tenure (allowable season of harvest, lifespan of the holder), and the time scale of the
right guarantor.

for whom?Who holds the right? Who could potentially hold the right? Is it an individual
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measured by numbers of actual and potential stakeholders, or by the territory that they
occupy.

(d) against whom? Who is excluded from using the resource because of the property
right? As for (d) above, this is also a question of scale.

(e) upheld by whom? Who guarantees that the right may be exercised and that others
may be excluded? The spatial scale of the guarantor is most probably specified by
political rather than ecological boundaries.

Understanding resilience in ecosystems and institutions

It is not at all clear that robustness or resilience in institutions is always a good
thing. Maladaptive but resilient institutions can allow poor environmental
management to persist for very long periods of time, particularly if such
institutions are subsidized by other social or economic sectors, or if they are
operating at the wrong scale.

•  How is institutional resilience defined and measured? How can institutional
resilience be monitored? What are key indicators?

•  When is institutional resilience a bridge or a barrier to ecosystem resilience? In
any particular situation, is institutional robustness consonant with sustainable
outcomes?

•  How are different institutional structures and property rights regimes linked to
incentives facing various users? E.g. which attributes of property rights systems
promote resilience of both ecosystems and institutions, and in different phases of
development? Which retard resilience?

•  What is the role of scale in maintaining institutional and ecosystem resilience?
What mechanisms maintain resilience of linked (and also nested) institutions?
When do signals of ecosystem change flow through a nested set of institutions
(loosely coupled or strongly coupled)? How can environmental information be
effectively communicated across institutional levels (windows of opportunity)?

Understanding the evolution of institutions

It is a gargantuan task to catalog land-use practices, property rights, and cultural
norms that appear well adapted to their environmental and social context. Future
research must tease apart the true adaptive significance of these institutions, as well
as assess their vulnerability to change or collapse.  None of these institutions are
timeless or ahistorical; rather they are dynamic, variable, historically contingent,
and possibly unpredictable. These evolutionary properties, while perhaps
debilitating to prediction, will allow scholars to understand where claims of fit are
real and where they are spurious.

•  In terms of social mechanisms, how do institutions arise which govern the use of
natural resources? The question of origin is interesting in its own right, since
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action problem applies both to the origin and maintenance of institutions, and
different rules may govern the two processes. Understanding the conditions
under which institutions arise and how the historical development of institutions
influences their current state will help to transcend the functionalist fallacy. In
this way current sets of institutions will not necessarily be seen as optimal a priori,
but rather will be understood to be a product of historical events, accidents, and
past environment. Observing the evolutionary process of rule-making, -breaking,
-modification, and -abandonment can make possible a strong demonstration of
institutional fit. In this context the important question should be analyzed: How
can institutions be developed that promote disturbance to enter instead of
continuously striving towards reducing variability?

•  How does rule switching take place? Is switching active or passive? What are the
mechanisms for maintaining and sporadically unleashing latent functions such as
sleeping territoriality? What determines whether switching occurs or minor
incremental adjustment occurs? Does a switch occur because of discrete choice
(there are limited alternatives), or is a hard switch an example of a bang-bang
optimal control for resource management (Clark 1990)?

•  What are the kinds of changes that Traditional Ecological Knowledge (TEK) can
withstand, and to what kind of changes is it most vulnerable? Like keystone
processes for ecosystems, are there “keystone” norms and rules that keep
institutions resilient? If so, how do they relate to ecosystem resilience? What is the
role of TEK in this context?

•  What is the turnover time of folklore and folk traditions? How are outdated
institutions replaced? When is institutional inertia a stabilizing force, and when
does it become a destabilizing rigidity? When is institutional resilience in conflict
with ecosystem resilience? What does durability of institutions under changed
environmental conditions mean? Is there an adaptive role to institutional
“memory”?

Avoiding functionalism in the analysis of fit

How does one avoid a naïve functionalism with respect to cultural practices that
have an environmental effect? Is it possible to tease apart those aspects of
institutions that are purposive and active from those that are merely responses to
social-ecological opportunities or to environmental constraints? It will not be
expected that the same balance between purpose and response obtains in every
environmental context. For example, in the practice of field scattering, in some
contexts this may be a risk management strategy, whereas in other situations field
scattering may be merely the result of a constrained land market under conditions
of multiple inheritance (McCloskey 1991; Goland, 1993). While some taboos have
conservation implications, that is not true for all taboos (Hames 1991), and
concepts for distinguishing them are necessary (Colding and Folke 1997) Where
are they adaptive, and where not?  For example, when scarce resources become
suddenly abundant, are there rules for how to relax taboos? Under what
circumstances does such a rule-about-rules arise?
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How is evidence of institutional convergence to be judged? With regard to what
resources are there the strongest examples of convergence in institutional
structure? Is finding the same solution in different circumstances stronger evidence
for the functional significance of environmental institutions?

Governance and conflict

How do we design dynamic institutions that account for the flows and feedback
between systems and that maintain the resilience to ensure a continuation of these
flows? Many ecologists argue that a watershed or drainage basin is a rational
biophysical / ecological selection of a specific space as a system boundary
(McDonald and Pickett 1993, Naiman 1992). Generally, the boundaries between
institutional/governance areas and the watershed area do not correspond. There is
an environmental-institutional conflict. Just as there are often many countries in a
drainage basin, there are often different institutional, jurisdictional and
administrative settings also within subdrainage basins. One reason for the mismatch
is that the institutional/governance realm was developed for other purposes in
history than to match with the biophysical/ecological area. Classic reasons for the
selection of an observed system of governance are national security or ethnic
specificity.

On the other hand, when is it adaptive for governance systems not to coincide
with ecological systems? When would too tight a fit result in environmental
degradation over all rather than just a part of an ecological system? How does this
process help at time to de-link ecosystems from political processes and time-
scales?

As Lee (1993) notes, most environmental choices entail potential conflict,
because they involve redistribution of rights and opportunities. Institutional
change with respect to environmental resources frequently arises as those impacted
by negative externalities demand compensation for losses incurred. The
fundamental lack of fit in this case is between agency and impact, between those
who benefit and those who bear the cost. How do institutions that have evolved to
deal with social conflict affect environmental outcomes? What are the
environmental side effects of choices regarding the distribution of rights and
resources?

Lee’s other fundamental factor leading to conflict is uncertainty: the properties
and behavior of natural systems are not well understood. Part of this is inherent in
the complexity of the ecological world, and part is due to the lack of fit between
monitoring institutions and the resources they seek to understand, as when political
boundaries cut across natural ecological boundaries such as watersheds. Further,
data are scarce and difficult to interpret—it may be impossible to choose between
competing hypotheses that have starkly different management implications
(Wilson et al. 1990). When such a situation obtains, there is a great deal of room
for human conflict: the battle over conceptual models may assume a strategic role,
and the “obfuscation and repression of knowledge” may become a source of
poli tical advantage for privileged groups (Lindblom 1990; Holling and Sanderson
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Envisioning institutional futures

•  What are the likely trajectories of change in human institutions pertaining to the
environment? Are there secular trends toward intensification of land-use systems
and attendant shifts toward individualization (and/or privatization) of property
rights (Netting 1993)?

•  What changes are likely under conditions of climatic change, increasing climatic
variability, ecosystem fragmentation, etc.? Can predictions be made about the
role of global change on management institutions in particular contexts?

•  What are the forces that maintain a mismatch between institutions and their
environment?

•  What is the role of the major international players like Multinational companies,
World Trade Organization, Financial markets etc. in reducing or building social-
ecological resilience? What are their responsibilities legally, morally and
ethically? What do the feedbacks from larger institutions to ecosystems and back
to local institutions look like? Is the lack of fit strengthened by increasing trade
and opportunities for economic growth that can cause environmental effects that
spread over larger and larger geographical areas (Ekins et al. 1994, Anderson et
al. 1995)?

•  What is the role of internationalization and globalization for ecosystem-
institutional fit? Is there a role for international agreements to promote
ecosystem-institutional fit? How can environmental agreements be given ” teeth”
to have a word in global development issues?
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Figure 2: Multiple scales of driving forces and proximate agents of change
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Table 1: Scales and the problem of fit

Standard practice Improved practice

Abitrary (or even neglected) definition of
scales

Empirical definition of scales, based on
actual processes

Finding the “right” scale of analysis Working at multiple scales

Alternating between scales of analysis Demonstrating cross-scale linkages

Hierarchy theory; scales are fixed, and are
roughly decoupled; larger, slower processes
control smaller, faster ones

“Panarchy” theory; the scales of processes
evolve over time, new levels emerge, some
disappear; control may shift between levels
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Table 2. Ecologically adapted management practices and social mechanisms for
resilience and sustainability (adopted from Folke et al. 1997).

1. Management practices based on ecological knowledge

monitoring change in ecosystems and in resource abundance
total protection of certain species
protection of vulnerable stages in the life-history of species
protection of specific habitats
temporal restrictions of harvest
multiple species and integrated management
resource rotation
management of succession
management of landscape patchiness
watershed management
managing ecological processes at multiple scales
responding to and managing pulses and surprises
nurturing sources of renewal

2. Social mechanisms behind management practices

a) generation, accumulation and transmission of ecological knowledge
re-interpreting signals for learning
revival of local knowledge
knowledge carriers/folklore
integration of knowledge
intergenerational transmission of knowledge
geographical transfer of knowledge

b) structure and dynamics of institutions
role of stewards/wise people
community assessments
cross-scale institutions
taboos and regulations
social and cultural sanctions
coping mechanisms; short term responses to surprises
ability to re-organize under changing circumstances
incipient institutions

c) mechanisms for cultural internalization
rituals, ceremonies and other traditions
coding or scripts as a cultural blueprint

d) worldview and cultural values
sharing, generosity, reciprocity, redistribution, respect,
patience, humility
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Table 3: Attributes of Human Groups That Dominate Activities in Four Phases of the Adaptive Cycle

Phase of adaptive cyclea

Attribute r  K K  Ω Ω   α α   r A  Exit

Group type Bureaucracy Activists Temporary Adjunct with powers

A ctivity focus Self-serving Insurgence Unlearning New learning; cooperation Deep
transforma
cooperatio

Strategy “Do as before
but more”

“Weathering
the storm”

“Unlearning
yesterday”

“Inventing tomorrow”

Response to changes No change Conflict Shedding old
behaviors

Reframing
Strategies

Invention

Time horizon Time of office
(linear time)

Present
(discontinuous)

Time out
(multiple scales)

Near future              Distant future
(multiple scales)

Space horizon Building and
holding bounds

Destruction
of old bounds

Suspension of
boundaries

Creating new bounds

Nature of truth
     and reality

Constructed Challenged Deconstructed Reconfiguring
myths

New myth
(visionary)

aThe listed group dominated during the phase, but is present and functioning in other phases as well. This table represents a centrist view of primarily North
American institutions.


