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What is Adaptive Environmental Assessment and Management (AEAM)?

While the theories and concepts of adaptive management have become a part of the lexicon of modern resource management, experiments implementing adaptive management in large regional systems are still fairly young.  Furthermore, the practical lessons and experience derived by those most closely involved in such experiments have proven difficult to distill and communicate in the academic literature.  There is a clear need for a practical guide to share the growing body of principles and practices that define effective adaptive management.  

Adaptive management has been proposed in many cases as the "path of last resort", a method of navigating through the “wicked problems” of modern resource management conflicts and traps.  But what really is adaptive management?  To what is management adapting?   Who should do adaptive management? What is the institutional context?  Does adaptive management require conducive policy and institutional contexts to succeed, or do the core principles of adaptive management embrace institutional architectural design?  This primer is offered as a set of principles and tools for moving towards the answers to those questions.  The primer summarizes the history of the adaptive management concept, definitions, barriers to implementation, and principles for moving forward.

History and Development of Adaptive Management

The concept of adaptive management is steadily gaining wider acceptance in federal resource management agencies in the U.S. (Lee and Lawrence 1986) and Canada (Walters 1986; Halbert 1998).  Restoration of the Kissimmee River, management of the Glen Canyon Dam, U.S. forest policy, and salmon restoration efforts in the Pacific Northwest have all incorporated formal requirements for adaptive management into federal legislation (Bormann et al 1994; Nyberg and Taylor 1995).  The adaptive management concept is being widely embraced for different purposes and contexts, which has led to a proliferation of working definitions (Table 1).  Many of these definitions stem from vastly different institutional contexts, orientations toward problem-solving, and views of nature and science.  

The concept of adaptive management was first applied to natural resource management by Holling (1978), and essentially boiled down to “learning by doing,” in which feedback from research trials would be explicitly incorporated into subsequent decisions.  In its simplest form, adaptive management was conceived of as an approach to moving forward in the face of inevitable uncertainties, particularly where management decisions were controversial.  It emphasized the need to treat policies and decisions explicitly as hypotheses and opportunities for learning rather than as final solutions. As such, it recognized a continuous need for information feedback, reflection, and revision.  The most common interpretations of adaptive management in the literature have focused on improving management policies and practices by learning from the outcomes of operational programs, based on quantitatively explicit hypotheses about expected system behaviors.  Information from environmental assessment studies is designed to be used to enhance the understanding of biological populations affected by environmental change, thus allowing future management to be done more knowledgably.  These definitions focus on an interpretation of adaptive management as incremental learning--accumulating knowledge through gradual bits of information and making marginal adjustments (Lindblom 1959; Halbert 1998).  

By the early 1970s, discussion was emerging in a number of fields--chaos, complexity theory, and organization management—that both human and natural systems were dynamic, complex, and variable.  Management control was an illusion; outcomes were always uncertain.  Developments in quantum physics and studies of far-from-equilibrium systems had introduced an element of ultimate uncertainty and stochasticity, while chaos theory, ecology, and complexity studies cast doubt on the ability of science to predict the behavior of even those aspects of systems which operate according to deterministic rules (Prigogine 1985).   The development of adaptive management was rooted in the recognition of these dynamics in human and natural systems and the paradigm shift they implied: from management pathology arising out of the stability centered world view to a focus on resilience, opportunity, and learning deriving from a boundary-centered world view.   All management policies were essentially hypotheses masquerading as answers.   

The central ideas of adaptive management have parallels in business (continuous improvement, total quality management and organizational learning), systems theory (feedback control), social sciences (institutional learning and design), and political science.   Political scientists were coming to the conclusion that "solutions to problems cannot be commanded.  They must be discovered." (Lee 1995).  In a complex world where change is occurring more and more rapidly, where the future is largely unknown, a focus on learning by identifying and monitoring the appropriate indicators providing feedback on the system is essentially "learning to manage by managing to learn." (Bormann 1994).   Thus, in its original conception, adaptive management was to play an equally important role in transforming management by facilitating breakthrough thinking.  It was designed to facilitate communication among different user groups and to encourage the suspension of conflicts as traditional adversaries jointly developed ways to learn from experience (Holling and Walters 1978; Halbert 1998). 

Table 1.  Some definitions of adaptive management proposed in the literature.

	Adaptive management:
	Source

	…is an integrated, multidisciplinary approach for confronting uncertainty in natural resources issues.  It is adaptive because it acknowledges that managed resources will always change as a result of human intervention, surprises are inevitable, and that new uncertainties will emerge.  Active learning is the way in which the uncertainty is winnowed.  Adaptive management acknowledges that policies must satisfy social objectives, but also must be continually modified and flexible for adaptation to these surprises.  Adaptive management therefore views policy as hypotheses- that is, most policies are really questions masquerading as answers…and management actions become treatments in an experimental sense.  
	Holling 1978; Walters 1986

	"…requires adjustment (expanded decision-making), linked (not single) actions, feedback, including monitoring, and information synthesis."
	Bormann 1994

	…a formal process entailing problem assessment, study design, implementation, monitoring, evaluation and feedback.  Management activities are crafted as experiments to fill critical gaps in knowledge.”
	B.C. Ministry of Forests

	"… a systematic process for continually improving management policies and practices by learning from the outcomes of operational programs.  Its most effective form--“active” adaptive management--employs management programs that are designed to experimentally compare selected policies or practices, by evaluating alternative hypotheses about the system being managed.  The key characteristics of adaptive management include a) acknowledgement of uncertainty about what policy is “best”, b) thoughtful selection of policies or practices c) careful implementation of a plan, d) monitoring of the key response indicators, e) analysis of the outcome in consideration of the original objectives, and f) incorporation of the results into future decisions 
	Nyberg and Taylor 1995.

	“…aspires to create dialogue between humans and nature in which humans imagine ways to engage nature for human benefit, testing propositions (policy as hypothesis, management as experiment) to learn how to live with and profit from (adapt to) the variability inherent in ecological, economic and institutional systems and their interactions. Therefore, AEAM is a fundamentally new philosophy of management and not just a compilation of sundry methods.
	Light unpublished; Baskerville 1977.

	… is a process of rigorous, intentional trial-and-error learning that focuses on learning how to manage for tomorrow’s challenges in the process of doing today’s job.  It seeks to close the gaps between science, policy, and management.   Real leverage comes from understanding developing an integrated understanding of complex ecological, economic and community relationships in the past,  where we are now, and what it is we want to maintain or create in the future.   Decisions and policies are not merely ends, but means to probe alternatives and understanding in anticipation of future changes and unexpected outcomes.
	Light 

	"… the foremost science-based model for ecosystem management (Report of the ESA Committee on the Scientific Basis for Ecosystem Mgmt 1995) and ecological restoration (Davis and Ogden 1994) 
	Light and Sparks unpublished


In practice, however, adaptive management has focused to date almost exclusively on how to reduce the technical uncertainties of managing natural ecosystems (Holling 1978; Walters 1986; Halbert 1998).  As a consequence of the very competency traps and inertia of dominant paradigms the practice is designed to break through, adaptive management has been subject to narrow and competing interpretations that have limited its effective utilization in natural resource management regimes governed by multiple players, various agency mandates, and potentially incompatible objectives. As an approach to management decisionmaking under uncertainty, adaptive management has experienced noteworthy success in technical approaches and transformation of understanding, but has been less successful in dealing with uncertainties in social, institutional and economic settings, and thus in transforming resource management institutions (Gunderson 1995).  Hypotheses in adaptive management have pertained to ecosystems or the hypothesized response of ecosystems to human social and institutional settings.   Little analysis has been conducted on the sociological and institutional requirements necessary for effective implementation of adaptive management (Halbert 1998). 

Even so, at the heart of adaptive management has been the recognition of the need for continuous fundamental learning and transformation.  Analysis of the institutional and organizational environment in which the science-based process of adaptive management is to be carried out is just as important as the science itself.  The learning dynamic is not possible unless the processes of research and management decision-making are structurally linked, and unless there is a process for appropriate balancing the visions and goals to which adaptive management is geared. If successes occur in technical approaches and transformation of understanding, but no management change results and no experiments are implemented for learning, as has often happened, then adaptive management has failed.  The institutional architecture of management has not been re-organized in such a way that learning can be applied to management decision-making, either due to political, legal, or internal obstacles in the institutional hierarchy itself.

Adaptive management is not a conflict resolution process, nor is it a planning tool.  It is a learning-led process that highlights uncertainty and difference to surface and challenge old models and beliefs, in order to explore and create new understandings and behaviors leading to trust and better management.  It is an inductive, integrative methodology for developing complex, qualitative understanding of causation and relationship in complex natural, social and economic systems.  Adaptive management is based on the premise that the webs of inter-relationships that define who we are, what we know, and what we want to become are in constant flux in natural and human systems.  The fundamental challenge of linking disciplinary knowledge, policy design, and evaluation is a problem of developing and maintaining a rich dialogue among people -- experts, managers, policy designers, decisionmakers, and constituencies.  AEAM is fostering patterns of collective action based on our present limited understanding that remain open to learning how to discover, accept, and reflect on the transient solutions of the present that will inevitably be found deficient. 

1. You can’t get there from here.

The development of AEAM is rooted in emerging understanding about the dynamics of human and natural systems, “fixes that backfire,” stability and resilience, uncertainty and surprise, and far-from-equilibrium behavior in complex systems.  Scientific understanding of how ecological systems behave has advanced considerably, and understanding of how organizations behave and learn has helped to facilitate radical reorganization in the private sector.  However, changes in public sector resource management practice have lagged far behind (i.e., Holling 1978, Clark and Munn 1986, Walters 1986, Gunderson et al. 1995). Economic success has been so convincing (and/or the partitioning of different components of a system so debilitating) that, in many instances, the need and motivation to search for alternative ways of assessing and managing has been ignored or considered unnecessary. When apparent successes faltered, the principal option was to continue as before only more rigorously (self-sealing beliefs).  In the process, ecosystems have been driven further into less productive states and closer to potential irreversibilities (Regier and Baskerville 1986).    In this new class of problems:

· There are no simple cause and effect relationships. Problems are essentially systems problems where aspects of behavior are complex and unpredictable and where causes, although at times simple (when finally understood), are always multiple. Seeing patterns of behavior, not “golden numbers,” and developing integrated modes of understanding are needed to form new policies.

· There are no universal stability regimes.  Problems are fundamentally nonlinear in causation. They demonstrate multiple stable states and discontinuous behavior in both time and space. Problems are not amenable to solutions based on assumptions of constancy or stability of fundamental relationships, whether ecological, economic, or social. Policies must be focused on active adaptive designs and management actions that yield understanding as much as they do product.

· There is no easy way out.  Problems are increasingly caused by slow changes reflecting decadal accumulations of human influences on air and water and decadal or centuries transformations of landscapes. Those slow changes cause sudden shifts in environmental variables that quickly and directly affect the health of people, productivity of renewable resources, and vitality of societies. 

· There can be no neat packaging of problems in time and space. The spatial extent of connections is intensifying so that the problems are now fundamentally cross-scale in nature in space as well in time. More and more frequently, regional and national environmental problems now have their source both at home and half a world away. Examples include the greenhouse gas accumulations, ozone depletion, and deterioration of biodiversity.
· Time is not reversible. Both the ecological and social components of these problems have an evolutionary character.  “Although past efforts in resource management ‘have been essentially trial-and-error approaches to cope with the unknown and the unexpected…we are now at a time where the intensity and the extensiveness of our trials can generate errors that are potentially larger than society can afford” (Hilborn et al 1979, quoted in Halbert 1998). 

Uncertainties in the ecological, physical, social, economic, or political dimensions often lead to decision-making gridlock, reduced opportunities for learning, and perpetual, crippling crisis and surprise.  In a seminal 1993 paper, Ludwig et al suggested a set of prescriptions for dealing with this new set of entrenched resource management problems:  

· Include human motivation and responses as part of the system to be studied and managed.

· Act before scientific consensus is achieved.  Calls for additional research may be delay tactics.

· Rely on scientists to recognize problems, but not to remedy them.  Scientists and their judgments are subject to political pressure and their disciplinary training

· Distrust claims of sustainability. 

· Confront uncertainty.  Consider a variety of plausible hypotheses about the world; consider a variety of possible strategies; favor actions that are robust to uncertainties; hedge; favor actions that are informative; probe and experiment ; update assessments, and favor actions that are reversible. 

Despite this set of prescriptions, most of the hypotheses generated in past attempts to implement adaptive management--and most of the modeling exercises--have related to the fundamental dynamics of ecosystems and not to the human social and institutional settings or to the social-ecological linkages.  Most authors who have evaluated the success of adaptive management and approaches have located the most significant barriers within the institutional architecture of resource management bureacracies and institutions themselves.   Despite the best attempts at implementing adaptive management, organizations and individuals continue to fall into the "competency trap."  Resource management agencies may be trapped by their success.  Individuals are adept at ignoring feedback that does not conform to their mental causal models.  Individuals who benefit from the status quo lack an incentive to abandon their mental models of the world, or to register feedback that contradicts the current management policy.  Adaptive management experiments may fail due to a lack of social/political will: absent a constituency to ensure the experiments are carried through, they are often abandoned or fundamentally altered halfway through implementation of an experiment in such a way as to forego opportunities for learning. 

Perhaps it is time to apply adaptive management concepts to the theory of adaptive management itself.  Perhaps these narrowly defined approaches to adaptive management can not succeed in the absence of a thorough, integrated, and interdisciplinary assessment not just of the resource problem, but of the architecture of conventional resource management decision-making itself in its social, political, and economic context.  Adaptive management should continue to focus on adjusting policies in response to explicitly designed experimental feedback about the ecological health and capacity of the system.  However, some of the alternative hypotheses regarding system function and management policies should deal with the human side of organizational design and participation in decision making. Adaptive management should thus be geared towards altering policies-as-hypotheses in response to feedback from the social-economic system, to reflect changing values, goals, and expectations for the system, to the extent that those changing values are compatible with ecological resilience (Bormann 1994). 

2. The devil is in the dynamics, not just the details. 

Ecosystems are inherently dynamic. The biotic and abiotic components of ecosystems have coevolved in the face of constant change, some of which is gradual and continuous, and some of which is disruptive and discontinuous (often depending on the spatial and temporal scale at which change is occurring). All living systems go through the cycle of birth, death, and renewal – “the revolving fund of life” (Leopold 1949).  The adaptive cycle heuristic described by Holling (1986) captures the pace and process of change in complex systems (Figure xx).  From exploitation to conservation, systems evolve from rapid, opportunistic and chaotic exploitation through slow accumulation and storage of energy and matter that requires increasing complexity to make efficient use of increasingly scarce free resources.  This process describes, for example, the ecological process of succession from a recently burned area within a forest to a 'climax', or old-growth, forest.  At some point, however, the system becomes over-connected, rigid, with little available free capital, and the system becomes increasingly vulnerable to partial collapse, disturbance, or renewal.  During these release and reorganization phases,  the system undergoes rapid creative-destruction, which frees up capital for reorganization and renewal.  

FIGURE 4 THE ADAPTIVE CYCLE

Like ecosystems, institutions and organizations also proceed through a process analogous to the adaptive cycle (Westley 1995).  New problems, crises, or innovations lead to the creation of new institutions or reorganization of old ones. Buoyed by the initial success, institutions, individuals, bureaucracies, etc., tend to focus on "perfecting today".  They accumulate rigid strategies for dealing more and more efficiently with the old problems and routines. But over time, the nature of the problem(s) tend to change.  The skills and modes of action required to deal with routine problems are very different than those required in situations that demand innovation and learning (Heifetz),  Ultimately, despite diminishing returns, behaviors that have proven successful during this period from exploitation to conservation serve to interfere with and/or resist any feedback indicating a need for change.   Without the capacity to recognize and adapt based on the nature of the challenge, organizations will eventually either go bankrupt (in business), be overthrown or voted out (in government), or experience collapse (civilizations).

FIGURE 5 DYNAMICS OF INSTITUTIONAL ROLES AND NEEDS


At several key moments in human history, reorganization and evolution of complexity in social-ecological systems has allowed sudden, non-linear, fundamental transformation of  human societies into more complex stability domains (Figure xx). The great liberation that allowed humans to "go forth, multiply, and subdue the earth" was that we were no longer forced to constantly adapt to the environment, for we had learned to adapt the environment to our own needs, and we had adopted a world view which rationalized it.  Science and technology expanded the range of habitats available to us.  They allowed us, over the short-term, to avoid the “boom and bust” variability of nature (in population, food availability, etc).  Discovery of agriculture --the domestication of crops and wild animals allowed much higher density of population than possible in hunter-gatherer societies.  Surplus production in agriculture allowed societies to specialize, 

civilizations and trade to develop.   In the Middle Ages, craftsmen's guilds and trade allowed the spread of ideas and capitalism.  During the Renaissance and Reformation, science and communication together with other technologies such as the printing press, telephone, and radio allowed an increasing acceleration of innovations and inventions. 


FIGURE 6 SHORT HISTORY OF MODERN RESOURCE USE

In the past, whenever we ran up against local resource constraints, we could also simply take advantage of new, less exploited environments—e.g., migration or conquest. The learning response to resource crises, however, has been the evolution of greater complexity (Tainter 1988).  Having largely depleted the stock of new, suitable environments by the end of the 19th century, we adapted by an ever-increasing spiral of increased complexity and investment in our economic, social, and technological systems that has permitted and paved the way for the rapid transformation of the entire globe in the last 150 years. But increased complexity requires increased energy.   Joseph Tainter of the Santa Fe Institute paints this as a process of ever-evolving complexity in social systems dependent on the availability of energy, and notes that many complex societies have ultimately collapsed as they ran up against constraints on energy (Tainter 1988). If the energy required to sustain increased complexity is thought of as the binding up of “capital” from alpha to omega in the Holling adaptive cycle, the stage is set for release, or ‘collapse’ of such complex societies.

In the last half of the 20th century, we have begun to encounter these constraints more and more often (Figure xx).  We no longer have many new suitable environments to exploit.  We have constrained variability through technology and culture, but this has often led to unintended and unanticipated consequences in other areas (e.g. control over fluctuating water levels in large river systems has come at the expense of productive aquatic ecosystems, which had evolved strategies to exploit the periodic changes in water levels). We have increased output and liquidated nonrenewable resources to generate investment capital and to supply inputs to stressed renewable resource systems, and developed global systems to transfer surplus resources as insurance against local resource shortages.  In the process, we have reduced the resilience of large-scale systems, depleted resource capital, and increased our vulnerability to large-scale disasters.   We have in many cases reduced our adaptive capacity through increased dependence on large-scale monocultures or institutional bureaucracies.   

During the second half of the 20th century, natural resource management has been dominated by the creation of new government authorities that have become increasingly specialized and encumbered by their own rules and regulations.  The proliferation of government agencies has not always resulted in greater stewardship of our land and water resources.  There are simply limits to what government can do.   In fact, some would argue that more and bigger government has led to increased detachment of conservation programs from the resources they are charged with managing; that excessive government authority has displaced individual responsibility for land and water stewardship.  “Playing the game” dictated by government rules and regulations has become more important than beneficial and equitable outcomes.  Increased control over narrower and narrower aspects of resource management have increased rigidity and brittleness in institutions.  Conflicts are pervasive and inevitable--no longer are the activities of individuals and nations pursued in isolation.  Every behavior has an externality; every resource action has an equal and opposite reaction; every thing one person does potentially affects someone else.

At the same time, we are constantly accelerating the rate of change upon the earth. The growth of the human population and the rate at which technology is changing our material interactions with the environment is beyond the control of single individuals, and largely beyond the control of individual governments and institutions.  Our social systems, commercial and industrial economies, cultures, ecological systems, and even our climate are changing more rapidly than ever before.  The pace of this change and the inadequacy of the traditional crisis-response model to deal sufficiently with this threat has given rise to fears and perceptions of risk that are manifested globally at the grassroots and in the public mind.   We have the proverbial tiger by the tail. Our competencies are increasingly short-lived.   The cycles of quick technological fixes are speeding up.  The question is, how do we move from vicious cycles of spiralling negative feedbacks--scapegoating, denial, and treating the symptoms-- to a virtuous cycle of adaptive and proactive response--learning new ways and negotiating win-win alternatives (Figure xx)?   

Current scientific predisposition favors a science of parts, substance and precision.  Technology has advanced to provide us with extraordinary analysis of detail complexity (e.g., geographic information systems, sophisticated computer modeling), but such models are often underutilized in building understanding of complex adaptive systems.  Dynamic complexity is about pattern—qualitative properties that fix the limits of change—and requires scientific methods of integrating and analyzing relationships among parts. 

FIGURE 7 SCENARIO PLANNING

FIGURE 8 HYDROLOGIC DETERMINANTS OF RIVER ECOLOGICAL INTEGRITY

“We must try harder to understand than explain.” –Vaclav Havel.  To study complex adaptive systems we need to try harder to understand patterns of behavior than to explain or predict limited manifestations of them.  The focus of adaptive management must therefore be on learning from past patterns and identifying the few key processes that have structured the system and its biotic responses.  In a world filled with pattern, mapping the configuration of relationships usefully is paramount.  In the Kissimmee River, a thorough understanding of the system’s natural hydrology allowed restoration to proceed in spite of the large uncertainties and lack of detailed scientific data that would have been necessary to micromanage restoration of vegetation, aquatic communities, and waterfowl.  Fire suppression in Yellowstone preserved scenic beauty for a time, until fire on an unanticipated scale was triggered by the slow accumulation of fuel.  Drainage in the Red River Valley allowed for productive agriculture and development, until unprecedented snowfall and rains in 1997 with disastrous consequences reminded the region that the valley was in fact the ancient lakebed of the former Glacial Lake Agassiz.

3. We are always aiming at a moving target

Living systems exploit an energy gradient, self-organizing against entropy.  Thus by definition, living systems are far-from-equilibrium systems.  Under the additional, variable stresses of human management and influence, ecosystems are driven further into disequilibrium, with multiple potential alternative stability domains.   Assessment and management are always aiming at a moving target.  

Current resource management policy contexts frequently tend to focus only on short-term, fast variable issues  (Figure xx) while ignoring longer term trends and system changes.  They tend to treat the results of resource assessments, monitoring, public opinion and value surveys as static snapshots in time, conveying a political mandate.  But stakeholder relationships, political and economic conditions, and demographics are constantly changing.  Ecological understanding and value systems are constantly being created and reframed through dialogue and information sources such as the media, educational institutions, and social relationships.  In conventional management, policy paradigms have been observed to cycle on about a 20-30 year time frame (or the time span of an average individual’s career ) (Holling 1993).  Public values for ecosystems are constantly being negotiated in response to new information, dialogue, and relationships.   “Social choice (the aggregation of disparate values) is… nothing to do with the innate autonomy of the individual and the compromises he then must make in entering into the social contract.  To have values, to know what you want, is to already be a social being: an institutionalized individual. [emphasis added] We are all ‘involved in Mankinde’”  

FIGURE 9 SCENARIO PLANNING 2

For management to be adaptive, learning must be matched to the appropriate scale of fast, intermediate, and slow dynamics in ecological systems.  Adaptive Ecological Assessments presume that knowledge of the combined social, economic and ecological system we are faced with is always incomplete, the system itself is constantly evolving as is the imprint of management and the progressive expansion of the scale of human influences on the planet.  Hence, the actions taken by management must be ones that are renewed periodically by re-assessment of ever-shifting assumptions upon which shared scientific understanding as well as the socially desired goals are founded. Adaptive management seeks to enlarge the focus of assessments to look at patterns of behavior and trends occurring over moderate time scales, as well as long-term, slow variable changes in social values, climate patterns, hydrology, etcetera. Resilient policy design explicitly articulates qualitative stability properties of a system and evaluates management approaches which respect those properties.  The goal is to develop the most simple model possible that can qualitatively simulate a range of system behaviors in response to management.  The assessment process seeks to expand the bounds of rational decision making through building a shared understanding of ecological history into the distant past, and to creatively imagine potential scenario development well into the future (Figure xx). Holling has advocated planning strategically for a range of even highly unrealistic scenarios in order to make tradeoffs explicit.

FIGURE 10 DEVIL IN THE DYNAMICS 
4.  Managing without easy answers

  “Individuals learn; organizations resist.” (Donella Meadows)

Re-organizing for Learning: Organizational Design for Adaptive Management.  Both ecosystems and societies are complex, self-organized, adaptive systems, characterized by emergent and non-linear behavior.  Resource managing agencies have at best only limited control over the interactions between society and nature.  Considerable linkages between society and nature occur independently of any management arena.  In a complex democratic society with private ownership of land and capital governing the production of public and private goods, interactions between society and the ecosystems they inhabit occur are governed at the level of the entire systems.  Most of the structuring linkages occur well outside the sphere of government or bureaucratic regulation.  Few “resource managers” in the U.S. today actively manage resources, and are instead engaged in managing organizations, staff, and human use.  More than ever, as others have observed, resource management is people management (Gerlach 1995; Berkes et al 1998). 

The implications of this understanding fundamentally challenge conventional notions of management control, causal interventions, and leadership.  No one is in control; control is an illusion, and management is a myth.  Uncertainty is pervasive.  Uncertainty stems from environmental variability, human impacts on the environment, lack of knowledge about most aspects of the systems being managed, and variations in social and political goals, expressed as varying budgets, changes in values, changes in the balance of power. There are uncertainties in our understanding of natural systems, both in their function and in our science-based methods for organizing information, monitoring, and performance evaluation.  We know little about the divisibility or reversibility of management activities, or about the anticipated speed, scale, and complexity of change.  There are large-scale economic and community uncertainties, including the nature of our relationship with the natural system now and into the future, and existing and future social and economic values and preferences.  There are institutional uncertainties arising out of the complexity of management itself -- the diversity of management tools available, management of people, attitudes and behaviors, changes in political commitment to policies, experiments, or theories, and openness of institutions and organizations to collaboration and learning.  Uncertainties even derive from the cognitive limitations of the human mind and the mental models we cling to even when they are maladaptive because we are unable to make sense of the contradictory feedback.  

Uncertainty thus holds implications not just for resource science and management itself, but for organizational design.  In the private sector, much learning has occurred in designing organizations for rapid learning and self-organized response to complex and chaotic global developments, markets, and change.  In circumstances as volatile and rapidly changing as the present global economy, there is little advantage to the old hierarchical, stable business organizations because change is constant and uncertainty pervasive. In the world dominated by novelty and change which we now inhabit, innovation, flexibility, mobility, and resilience are the attributes needed by our institutions to foster successful adaptation.  Many of the insights regarding adaptive design now come from the literature on management of organizational learning (Senge 1994; Michael 1983; King 1995). 

Management theory gave us the idea of the learning organization as being one which was organized as a network rather than a rigid hierarchy or an amalgamation of fragmented authorities.  Theories in both economics and in ecology recognize the role of disturbance in maintaining resilience and renewal processes.  In the absence of market disturbances, for example, monopolies tend to develop which then constrain innovation and make the system more brittle to non-linear collapse.   To avoid this, economic theorists allow for limited government intervention in markets to regulate monopoly.  But effective institutional design for designing and enforcing such regulation is difficult.  Political economy models have described the process by which government regulation grows weaker over time due to 'regulatory' or 'institutional capture'.  Because the regulated industry becomes the primary and most motivated constituent and interest group of the government regulating body, the tightest relationships that develop are between the regulator and the regulated.  Over time the regulating body frequently begins to work to maintain the status quo in conjunction with the regulated industry, by designing regulations that work against new entrants and competition (Peltzmann 1976). 

For most of human history, change has occurred at a fairly moderate pace.  Organizations have been designed for and sought operational efficiency and stable performance. Management has sought to function by eliminating or ignoring uncertainties, focusing on what is known.  During periods of rapid and crisis change, institutions have been typically ill-equipped for learning.   In resource management, bureaucracies are still largely functioning as if crisis is the exception rather than the rule.  They respond to cycles of change that are political, and often poorly matched to slow ecological dynamics.  Our professional competencies (i.e., doing what society has asked of resource scientists and managers) become liabilities.  Too frequently we resort to established patterns of activity and action that are economical, reassuring, but increasingly irrelevant and pathological. Thus, adaptive management must be about planning to learn, not just about the outcomes of management, but about how to deal with social/economic and institutional uncertainties. There are no cookbooks to follow on how to adapt strategies to real situations, no one correct solution that is generalizable.  For management to be adaptive, managers must focus on structuring the domain--the key parameters or variables that govern the slow, intermediate, and fast dynamics of ecological processes.   In natural systems, this means learning to work with nature the way nature works.  In organizations, structuring variables are the elements of organizations that allow learning, communication, and values to self-organize.  While the manager cannot control or manage change, any more than s/he can control or manage resources, s/he can create the conditions for learning. 
“Instead of looking for saviors, we should be calling for leadership that will challenge us to face problems for which there are no simple painless solutions—problems that require us to learn new ways” (Ronald Heifetz 1994.)  Implanting AEAM in our organizations will require overcoming deep structural barriers including a) institutions so attached to conventional methods that drive out creativity; b) threats to personal security or professional competence that break down commitment to change; c) self-sealing beliefs that reify existing strategies; d) limits to simplification; and e) bureaucratic inertia (Hurst 1995).  In a world in which change invariably outpaces comprehension, learning is predicated on understanding that yesterday's solutions are today’s problems and tomorrow’s blind spot.  Human adaptation and resilience depends on unlearning the past and imagining the emerging puzzles of the future.  

Unlearning the Past. 

“The difficulty lies not in accepting the new ideas, but in discarding the old ones.” (John Maynard Keynes)

"The great obstacle to discovering the shape of the earth, the continents, and the ocean was not ignorance but the illusion of knowledge. (Daniel J. Boorstin 1983).

Facing tough ecological challenges requires uprooting old ways of thinking and acting, inventing fundamentally new ways, then communicating effectively and mobilizing with others to take action.  Such profound shifts in the way we think and behave are extremely difficult.  For practical and rational reasons, people resist “unlearning yesterday.”  Change is painful, threatening, inconvenient, and uncomfortable. It exposes incompetence and requires effort for new learning.  Learning is both painful and self renewing—terrifying, and reassuring. 

Humans and other animals have been shown to be extremely reluctant to abandon simple models which have performed well for them in the past. In a world where change is unusual and surprises rare, there is little incentive for learning.  During the long periods of time when system appears to be stable or change is linear and predictable, institutions and individuals develop performance maximization strategies that reward stability-generating behaviors and punish innovation. In learning experiments, animals and humans have been willing to tolerate an enormous amount of 'pain' before they were willing to give up these mental models.  

Because as individuals we have cognitive limits to our ability to process information, we typically make choices from amongst a restricted set of options.  We compromise, rather than optimize, because optimisation would involve an endless pursuit of information with diminishing returns.  This is known as bounded rationality (Simon ).  Essentially, we construct simple conceptual models to interpret a complex world through a process of sensemaking-- the ongoing development of plausible images that rationalize what people are doing--and then we stick to them until it hurts.   This limited cognitive capacity to process the endless amount of information available to us also leads to “self-sealing” beliefs.  Out of the seemingly endless barrage of information bits coming at us from hundreds if not thousands of sources on a daily basis, individuals selectively process those pieces of information that are consistent with our worldviews or understanding of a situtation.   We selectively ignore information which contradicts or undermines our simplified understanding; thus we often intentionally ignore or discount the feedback that signals the need to update our simplified understanding.

Cognitive psychologists have noted that the human (and animal) mind has great difficulty in dealing with novel complex situations (Dorner 1997; Gass 1985, Tainter 1988).  The spatial and temporal scales at which we as humans are now creating and adapting to change in modern global context is considerably broader than those which we needed to deal with during our long evolution in small, non-agricultural societies.  In experiments in decision-making in complex situations using computer models, both experts and beginners often performed and learned poorly from decisions involving multiple interdependent variables, cross-scale interactions, and time lags (Dorner 1997).  Experts tended to fall into two traps: a) the competency trap, in which experts retreated to a small area of decision-making in which they felt they had some expertise, while neglecting decision-making in other areas,  or b) engaging in endless information gathering about the decision situation in an attempt to overwhelm uncertainty with data.  In such a complex world, it is easy to ignore feedback or alternative frameworks for interpreting the feedback when acknowledging such feedbacks would contradict the simple mental heuristics and causal models on which we have learned to rely.  

In Leading without easy answers, Harvard psychologist and musician Ronald Heifetz explores practical examples and cases to develop prescriptions for leading without authority.  Heifetz presents three reasons why individuals or societies may fail to adapt.  Confronted with internal contradictions or problems, they may still misperceive the nature of the threat, as when an individual misjudges the risk of a certain behavior.  Alternatively, the threat may be perceived, but it may exceed the culture's adaptive capacity to respond (as with examples of diseases, environmental challenges, invasions, wars, etc.)  But most insidously, we may fail to adapt due to the distress induced by the problem and the changes it demands. Because we have developed psychological and cultural defense mechanisms to cope with feelings of hopelessness, powerlessness, and insecurity, excessive distress may lead to maladaptive behaviors such as denial, projection or scapegoating, apathy, and avoidance behaviors.  Heifetz provides as an example the increasingly maladaptive behavior of the Easter Islanders in response to recognizing ecological degradation-- authoritarianism, and investment in increasingly elaborate time- intensive and materially wasteful rituals beseeching the spirits and gods to deliver them from resource scarcity.  

In studies of community-based management regimes that have effectively coped with or avoided surprise, the following principles contributed to the ability to promptly discover and use information about ecological change (King 1995):

1) allowing access to more users and more diverse use could encourage fast and complete perception of ecological change, 

2) making change observable through institutions for recognizing and dealing with change could speed identification of sources of ecological change, 

3) encouraging institutions for negotiating disputes could speed transfer of information about environmental damage, 

4) encouraging the use of a diverse portfolio of flexible assets could speed human reaction to environmental information and 

5) providing insurance against disaster and encouraging egalitarian distribution of assets could reduce the risks of modifying ecological resources.

5. Surprise is the Rule, so Plan to Learn 

“This approach (AEAM) begins with the central tenet that management includes a continual learning process that cannot conveniently be separated into functions like research and ongoing regulatory activities and probably never converges to a state of blissful equilibrium involving full knowledge and optimum productivity” (Walters 1986.)

Surprise is pervasive in modern resource management contexts, and change--global ecological and social change--is more rapid than it has been at any other point in the historical period.  Ecosystems and social systems have been and are being confronted by rapid, accumulating stresses and continual appearance of novelty.  Even were the concept of equilibrium states to be relevant, these systems are nowhere near any theoretical equilibria.   Surprise is the rule, rather than the exception.  

In the process of optimizing a particular product from a system (e.g., timber, flood control, water supply), conventional management has often generated a continuous decline in other values for the system, leading to sudden shifts in social or ecological stability regimes.  In resource management settings, such sudden, qualitative disagreements between observations and expectations have been termed ‘surprises’, as when an ecosystem behaves in an unexpected manner or qualitatively departs from society's or an organization’s goals (Gunderson 1998). “Unanticipated surprises, being unanticipated, become crises” (Holling 1973).  Surprises can be roughly categorized as local, cross-scale, and true novelty (Brooks 1986; Gunderson et al 1997). True novelty is of the character of fundamentally new emergent properties that transform or become embedded in the system.  However, not all surprises are unpredictable or entirely unanticipated.  Local and cross-scale surprises involve processes or interactions that might have been predictable given additional knowledge or more appropriate observations.   Increased vulnerability in the ecosystem has often been noted by small groups of scientists or local citizens.  Surprises can also occur, apparently suddenly, in the sociopolitical arena if these small groups of actors are able to achieve critical mass in advocating for change or notice of ecological "crisis." 

Conventional scientific resource management has been focused on learning, but it has been a narrow type of learning geared at perfecting current single target optimization.  If feedback was incorporated into decision-making, it was generally geared towards improving efficiency and achieving single or small set of targets such as timber harvest, water supply, flood control, or game species.   Although there are certainly examples of where the tendency of this approach to simplify ecological systems undermined the specified goals themselves, the source of “surprise” has in the majority of cases arisen due to declines in other values of the system--water quality, habitat--that were not high priority goals for management under the current configuration of primary constituents and stakeholders, economists, scientists, and management goal setting processes.  Adaptive management developed in recognition of need to link management decision-making with scientific research that was generally showing that system health or ability to renew was declining despite best efforts at management. 

Three modes of learning have been identified in federal resource management agencies: reactive, passive, and active (Hilborn 1992).  Reactive learning is change in policy driven by stimuli external to the management system--shifts driven by Congress, lawsuits, ecological crisis, or public action.   This type of learning has been called "adaptive" because feedback occurs and adjustments are made.  In reactive management, continual crisis management impedes development of a long-term strategy.  In passive adaptive management, examination of what actually happened in response to past management decisions--i.e., treating past actions as experiments using monitoring data--also leads to learning.   Like passive adaptive management, active adaptive management treats management actions as deliberate experiments to sort out system processes.  Active adaptive management facilitates anticipatory learning by simultaneously evaluating suites of practices in order to select between alternative hypotheses.   Although in both reactive and passive “adaptive” management, institutions demonstrate a capacity for learning, that learning capacity typically doesn’t match the pace or nonlinear nature of change. In structuring multiple management practices as experiments and actively designing feedback loops into future decisions, active adaptive management allows learning to occur more rapidly than with a reactive or passive approach. Active adaptive management is structured to make that learning more efficient, although this has been questioned by some authors (McLain and Lee 1996).   
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Perfecting Today versus Learning for Tomorrow.  The standard PLAN-IMPLEMENT-MONITOR-REVISE model of adaptive management (Figure ) that has been widely reviewed in the literature can be viewed as a recycled version of a widely accepted model of the scientific process (Hilborn 1997).  If adaptive management is defined solely according to this process model, it becomes merely another incremental approach to learning, a system for linking research results to management policies, and has no transformative value.  Most managers (and scientists) correctly claim they are already using information as it becomes available to modify decisions, and this process model becomes a rationalization for existing policy. Skilled adoption of this model can lead to optimal performance over a short-term stability domain.  A policy (hypothesis) has been chosen based on a set of prevailing assumptions; management centers on achieving all the potential that a given policy offers.  Learning, in this instance, is building competence. There is still no process for examining underlying assumptions about the architecture of management and the links to the “managed” system.   The Army Corps of Engineers could theoretically use this sort of incremental learning to successfully meet a prioritized target of navigation on the Upper Mississippi River until the river resembles a series of impounded lakes with few of its former ecological functions or systems operating intact.  The Corps will not have failed internally unless navigation becomes no longer possible. Without restructuring to fully articulate and embrace broader, longer term goals for the river, it will only have failed by a different set of standards and values.  
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When existing competencies come under question, e.g. as a result of surprise or crisis, a deeper level of learning may occur.  If, at this point, competencies upon which policies are based are surfaced, and a range of alternative assumptions and hypotheses are reviewed as part of the search for understanding upon which to base future patterns of actions, then a more fundamental learning, or paradigm shift, has been achieved.  This type of learning involves examination of the assumptions, governing values, or mental causal models that structure actions. 

The two types of learning described--building competence vs. questioning assumptions--are known as single loop (testing hypotheses) and double loop (surfacing assumptions) (Figure 2).  The difference between single loop and double loop learning in practice have led to divergent definitions of adaptive management.  Single loop learning asks “Do we have the right treatment?”   Single loop learning in science is akin to the Kuhn's normal science, or science within a paradigm.  Double-loop learning is revolutionary science--the kind of science that occurs when i) a large body of contradictory data accumulates and the existing paradigm cannot explain the data, and ii) an alternative emerges.  Thus the purpose of the assessment process is to consider all plausible hypotheses, screen them, determine how to prioritize them, and then effectively package them for testing.  Whenever possible a given management treatment or test should attempt to test more than one hypothesis

.
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How can a group of people pay attention to implementing a policy (i.e., testing a hypothesis) while others are challenging their assumptions (possibly undermining confidence)?  In fact, successfully managing this paradox within an institution and across institutions is essential to facilitating adaptive work.  It is therefore extremely vital to the future of resource sustainability. Adaptive Ecosystem Assessment and Management requires both styles of learning.  Confining adaptive management to implementation of incrementalist approaches to learning-- monitoring and policy refinement-- will not be enough.  Simply investing in more effective feedback and adjustment is inadequate because it assumes the framework for the hypothesis is essentially correct.  It does not mean testing underlying assumptions as hypotheses, only predictions. 

Table x.  Context for single and double-loop learning.

	Type of Learning
	Context
	Focus

	Single-loop learning
	Moderate data

or understanding

Low uncertainty 

Stable goals or system
	· Operation within a paradigm: Existing mental models, assumptions and techniques used without questioning

· Problem solving

· Hypothesis testing

· Avoidance of type I error

· Perfecting the present

· Closing the gaps, “filling in the blanks”

· Equilibrium-centered

· Getting the science “right”

	Double-loop learning
	Little data or understanding

High uncertainty

Surprise

Rapid change in goals or system
	· Surfacing and questioning assumptions and paradigms

· Reframing problems 

· Hypothesis generating

· Avoidance of Type II error

· Inventing the future

· Learning new ways

· Boundary centered

· Getting the “right science”


There are good reasons why double-loop learning is considerably more difficult and less common than single loop learning.  In the world of universal stability we saw ourselves as inhabiting, successful institutions were designed to be strong, stable, predictable, and focused on maintaining control.  Institutional and cognitive barriers exist to double loop learning.  Rarely are evaluations designed to question the mental causal models, governing values, or assumptions upon which hypotheses are based.  Even the majority of scientists are rarely prepared to listen to that feedback.  Simply linking science to management is not enough to overcome the rigidity of the management pathology.   

Management generally focuses on single loop learning during implementation, and can build high performance stable domains around those existing competencies.  Even when an AEA assessment has achieved this double-loop learning, managers skilled in existing competencies may lack the commitment to implementation, or adaptive experiments may lack a sufficient constituency.  For example, although scientific understanding of the Everglades system was transformed by the AEA process, the legal and political will to test that understanding through implementation of adaptive experiments has been slow in coming (Gunderson 1998).  In the end, scientific understanding has continued to be separate from management decisions, because there has been little commitment within the agency to management experiments based on that understanding.  Providing a climate which encourages and permits both single and double loop learning should be the fundamental organizing principle for designing the infrastructure for AEAM. The alternative to continually reacting to surprise is the learning organization.

6. Truth lies at the intersection of competing explanations. 

Conventional wisdom for the past thirty years has operated as if scientific decision making is objective, neutral, and divorced from the social and political realm, and that disputes over management choices should center not on the science or technologies themselves, but on the impacts they are likely to have on society and the environment. However, a growing body of scholarship, adopted and supported by social movements for more democratic science, has contended persuasively that in reality, there can be no neat separation of technical facts and social values.  What we considered ‘facts” depends ultimately on an accepted framework of social premises.  Science is a social activity, and scientific knowledge is to a certain extent negotiated and moulded by values.  Contending frameworks each define ‘the problem’ in a different way.  Each generates its own assessment of a technology in terms of its own definition of what that technology is. 

“The aggregation problem [of social choice] arises not from our becoming involved, but from the different, and often contradictory, ways in which we are already involved.” (Schwartz and Thompson 1990).  Competing and mutually exclusive descriptions and bounding of the problem generate a kind of structural uncertainty. 

Adaptive management uses the contradictions and the structural uncertainty arising from these paradoxically contradictory certainties as a platform for learning. When the goals of management span a range of spatial scales, it is more difficult to determine broad complex objectives, and the adequacy of knowledge and certainty of applicability to individual sites decreases exponentially.  The management environment must remain open to continual questioning of assumptions and approaches.   To maintain the capacity to sense and respond to appropriate feedbacks about changes or responses in human managed systems, there must be a continuous open forum for new ideas, alternative hypotheses, and alternative bounding of the “problem”. The different lenses with which individuals and groups view the world can be viewed as a form of knowledge capital.   The cognitive dissonance created by being forced to entertain competing, mutually exclusive hypotheses in a climate of respect forces the individual to examine the bounds and assumptions of each hypothesis and the causal model in which it is embedded. Local knowledge or experiential knowledge is based on intuitive understanding developed over the lifetime of an individual's experience with the resource, sometimes incorporating stories or models or myths transmitted orally about the system, while scientific knowledge focuses on bounded explorations of generalized hypotheses.  Managers need to facilitate “bounded conflict” (Lee 1993), a kind of healthy skepticism that fuels learning, debate, dialogue, and observations. 

With Adaptive Environmental Assessment (Holling 1978), the integration of computer modeling with qualitative discussion in workshop settings offers opportunities to combine analytic frameworks with qualitative information in an interactive setting, not in a predictive way, but in ways which can lead to qualitative understanding of the system and the generation of alternative hypotheses.  Adaptive management models are works of "imaginative synthesis."  They are better at challenging than confirming hypotheses, generating new hypotheses, and speculating about rather than predicting likely outcomes.  Most of the learning takes place in the process of building them. 

Computer models may, in this way, help people to recognize and learn from complex patterns that play out over longer and larger spatial and temporal scales than those with which we are accustomed to dealing.  Because computer models developed in this way are hypothetical and unconnected to individual's personal and professional performance, they may help to create the safe climate in which biases can be "unlearned" without threat or sanction, and in this way aid in learning. 

Early attempts at implementing AEAM and ecological policy design workshops focused on this process of model design through a phased series of workshops building competency and trust among an expanding circle of scientists, managers, and finally policy makers (Holling and Chambers 1973; Clark et al. 1980).  The goal was to create a series of steps [image: image4.wmf]Resilience and Crisis: System Flip

2.

System flip: 

“Surprise!!”

Examples:

•

Lake eutrophication

•

Crop pest outbreak

•

The ‘perfect storm’

that would begin by bridging the gaps between methods and disciplines, move to bridging the gap between institutions and individual social roles, and finally to bridge gaps between constituencies.  First, a series of technical workshops brought together interested stakeholders to build conceptual models.  From there, a small group of programmers constructed models of ecosystem behavior using a combination of methods and tools from decision analysis and modeling.   Alternative policy scenarios are then evaluated in terms of outcomes using a combination of available data, decision analysis tools, and best professional judgement.  

For “transfer” of the descriptive and prescriptive models to the local managers and scientists, a series of technical workshops was then convened, and was judged complete when scientists and managers could run, critique, and alter the models in response to local needs and priorities. “If the descriptive part of the analysis stops at the development of a simulation  model the clarity of understanding needed for transfer and policy design is seriously compromised.” (Holling 1973)  Cooperative linkages between institutions and individuals were necessary but not sufficient (Clark et al. 19)  Truly effective transfer and implementation hinged on local leadership and individuals who were fully committed to the process.  Finally, a group of workshops was held with a broader group of experts from different regions and countries to critique the analysis and transfer the concepts, modeling approaches, and menu of  policy alternatives. 
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While computer models have been inordinately useful to problem-solving, and hold great promise in yielding insight into the dynamics and controlling variables of a system, they are not a panacea to solve the dilemma of non-linearity, complexity, and uncertainty.  The use of  computer models to increase understanding of complex systems should not be confused with the ability to extend predictive control and mastery over nature by increasing the precision of models. Uncertainty, as Hilborn writes, is not to be explained away by increasing precision. “Uncertainties snap at the resource manager like a pack of wild dogs.  In the not-too-distant past, many of us felt that systems analysis was the magic weapon with which to conquer the beasts.  Dancing in our heads were visions of big computer models and statistical analyses forecasting all sorts of things that had previously been uncertain….The past 10 years have shown that our vision was but a chimera and that systems analysis and computers will not subdue the pack of hounds baying at the door.”  (Hilborn 1987 ). 

Computer models, no matter how precise, can not solve the problem of uncertainty and unpredictability in complex systems. Models are only heuristics for simplifying the real world. Computer models cannot substitute for lived experience, tacit and intuitive understanding acquired over a life time, a career, or  through history.  The purpose of decision aid technologies such as computer modeling is to increase cognitive capacity by gathering and interpreting data and telling a particular story for the user or decision maker. As a result, "implicit in all decision aid technologies is a theory of what knowing is and hence what reality is” (Carrier and Wallace 1994).  They are designed for a particular context in which they are useful. The “decision problem world” can be divided into varying matrices characterized by the type and complexity of the problem; i.e., the number of variables, whether the problem is deterministic or stochastic, whether it has a single target or objective or multiple competing objectives, and which tools or models are appropriate in each case (see Figure xx).   When models fail as useful representations of reality, it is often because they have been applied outside the appropriate context or at inappropriate spatial or temporal scales, because they fail to account for key relationships, because they are over-generalized, or because assumptions are flawed. 
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The purpose of quantitative models has been stated as generating qualitative understanding of the system (Hilborn 1997).  Like myths and stories, models are tools for interpreting complex phenomena. Because all models are simplifications, they yield only partial understandings.  As in the old parable of the four blind men asked to describe an elephant, each of whom describes the elephant very differently based on the small piece of it with which they are in contact, those partial understandings are not necessarily wrong or irrational -- they are merely partial.  Quantitative mathematical models that yield a kind of qualitative understanding of the system are just as partial as are stories that yield similar understanding or behaviors.  There are other ways of knowing, other views of the system, and other ways to achieve qualitative understanding.

Many authors readily accept that adaptive management is science integrated in management, but rarely emphasize the role of expanded dialogue in the assessment process as the tool for challenging assumptions, forcing learning, and building constituencies for the process. Multiple modes of inquiry refers to two levels of epistemology.  The first, more commonly acknowledged within the history of AEAM design, focuses on the need to build
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 interdisciplinary, integrative frameworks for building knowledge of a system across and based on different scientific backgrounds, methodological and statistical approaches.  The second, more inclusive participatory level acknowledges the broader base of knowledge including native, local, and emotive or intuitive knowledge and problem definitions carried by a wider group of citizens which may involve citizens, stakeholders, landowners, resource users, field staff, local managers, and others who may or may not have formal scientific knowledge to bear on the system but who bring a variety of experience, observations, and value orientations to the table.  Participatory approaches that incorporate a broader range of stakeholders in the process of building simple conceptual models may lead to surprisingly sophisticated depictions of causal relationships and alternative stable states (Daniels  ). 

FIGURE 14 MULTIPLE PATHS TO ‘TRUTH’, i.e., UNDERSTANDING

Balancing decision-making and learning within a broader group of stakeholders can help management to better anticipate crisis, and to identify unintended consequences that have the potential to arise from narrow decision-making.  Generating “competing hypotheses” for use in adaptive management based on small groups of scientists alone is unlikely to make use of the full range of qualitative understanding available from the body of local knowledge.  Usually, such efforts may succeed in generating a range of plausible hypotheses about aspects of system behavior that interest scientists and managers, but this often leads to overly narrow bounding of the problem.  They may “get the science right”, but they rarely “get the right science.”  Citizens and stakeholders may have different explanations system behavior because they have different assumptions or "myths of nature" regarding the basic resilience of natural systems.  They may have bounded the problem differently in time or in space.  They may focus on a different model of the system behavior--including different variables.  Finally, they may have goals and values for the system that are incompatible with those of others.  Individuals may even hold simultaneously incompatible values for the system.  Adaptive management should should give clarity and articulation to these values.   It should be a visionary activity that draws from a rich and evolving mix of values to inform the process of reality-testing.
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It is perhaps in this area of workshop design and implementation where AEAM as a methodological tool has the most to learn and borrow from more participatory methods such as participatory rural appraisal (PRA), soft systems analysis, and citizen science (Irwin 1996).  Key is the need to match the nature of the problem to the nature of the workshop design.  Where technical uncertainties predominate, inter and intra-institutional conflict over turf and understanding may be more important than social conflict and values over a resource, and traditional AEA ecological policy design may suffice.  But in highly polarized and conflicted settings such as the Everglades or the Upper Mississippi River, it may be equally important to build a constituency for the adaptive experimental process.

7. Go slow to go fast.  

The political dynamics that drive quick fixes simply lead to more unforgiving conditions for decisions, more fragile natural systems, more dependent industries and more distrust from citizens. Analyze the pace at which change is occurring. More often than not, the variables that attract most attention cause rapid change and operate at small scales.  Modern decision-making processes are beholden to the "here and now.” But life depends on a web of interrelationships, and all meaningful relationships take time and energy to build and sustain. Assessment should focus on long-term, slow changes in structural variables or system properties and challenge the assumptions upon which current policy rests. Expand the domain of rationality beyond the “here and now” by reflecting on how the “long ago and far away” will influence how the future may unfold out “there and then”   (Figure xx).

Adaptive management requires balancing the short-term, high leverage, fast variables with the long-term process of building adaptive capacity.  There are many theoretical and substantive reasons for involving public participation and a diversity of stakeholders in adaptive management.   In practice, however, structuring incentives and developing architecture has been difficult. Agencies do not just fail to facilitate horizontal linkages and networking, in some cases they actively discourage it.  Managers often fear that involving other individual or organizational stakeholders will slow the process of sound science-based management, involve excessive compromise, and result in missed opportunities.  In fact, just the opposite is true.  Veto power is absolute, when exercised by individuals or stakeholders who have been disempowered by a closed process.  Processes that try to fast-track decision-making on the basis of will be hijacked, leading to perpetual gridlock.  Over and over again, collaborative processes can lead to breakthroughs that allow more radical decisions to move forward than would have been possible had they been the province of agency managers alone.   

Barriers to AEAM have been attributed to a lack of flexibility in extant power relationships among stakeholders (Gunderson 1998). More often than not, stable configurations of social actors within the chain of decision-making under the status quo lead to the suppression of critical or important feedback.  In such cases, informal  “skunkworks”, or shadow networks, are needed to break down the vertical rigidity of individual agency and stakeholder mental models.  Facilitating horizontal communication and information flow is needed among multiple individuals and groups who can explore flexible opportunities for resolving issues and generate innovative ideas.  Developing and fostering shadow networks as a challenge for most North American land management agencies (Gunderson 1998).  

While Gunderson proposes that restoring resilience and flexibility to gridlocked systems is needed in such situations rather than active adaptive management, development of such shadow networks is not an alternative to pursuing adaptive management.  It is an integral part of reconfiguring and re-envisioning the institutional architecture that might allow adaptive management to take place in any circumstance.  In any cases where AEAM process has led to a successful transformation of management in a system and resolved a thorny resource issue, development and nurturing of shadow networks and creation of a safe climate for them to operate in outside of formal decision-making processes has been a key component for developing commitment and support for alternative management designs and for risk-tolerance.    Shared values or commitment to finding solutions and alternatives serves to span the boundaries created by group culture and identity, while broad and redundant membership horizontal communication across the relevant agencies, institutions, and stakeholders.  Highly inclusive but facilitated processes where skilled process leaders and ground rules for respect can lead to self-organized self regulation of conflict and disruptive behavior within a diverse group (Nelson 1994; Westley 1995). Restoration of the Kissimmee River in Florida, decommissioning of the Elwha Dam in Washington, and whole watershed approaches to aquatic health across the country have often started slowly with stakeholder-based roundtables, committees, and partnerships.  Yet in the end, they have yielded more radical, win-win, comprehensive decisions and solutions, more robust to inflexible opposition, than those that would be possible by agencies forced to mediate compromise between fragmented and fractured stakeholders.

In the Kissimmee, it was the public support for ecosystem restoration, manifested at state and federal levels through concerted political action on the part of long-term champions for river restoration, that generated the political will to go through with the restoration process.   The consistent pairing of modeling, technological and scientific studies, with public forums to explore outcomes and results and understanding allowed the technical restoration work to move forward without being derailed by mistrust and political opposition.

8. The goal of management is resilience.  

Ecological systems are composed of communities of individual organisms, which have evolved in response to selection pressures from their environment. Ecosystems are self-organized from their evolved components (Levin 1999). Some components create physical structure and are re-enforced by that structure (Holling 1992). Others act as "ecological engineers" altering the physical structure (and especially the biogeochemistry of ecosystems (Jones and Lawton 1995).   These collections of organisms that are found together and have persisted under more or less the same environmental conditions have evolved complex mechanisms for ensuring their own renewal in the presence of competition, natural variability and disturbance. They have coped over long temporal scales in the presence of stochastic and periodic disturbance processes such as fire, floods, and storms. Spatial and temporal variability of disturbance also serves to maintain diversity and spatial heterogeneity that contributes to renewal of the system, as patches serve as insurance for refugia or dispersal following disturbance in another patch. Thus, natural processes occurring throughout evolution have led to varying degrees of resilience in natural systems. 

Resilience has been defined in the literature in many ways. Resilience may be thought of as the capacity to absorb disturbance or shocks without a semi-permanent shift into an alternative stability domain.  Although ecosystems are resilient, they have limits. 25 years of ecological research have shown that in ecosystems subjected to significant alteration of  natural disturbance regimes or to accumulating stresses, abrupt shifts in stability domains are possible (Lewontin 1969, Holling 1973).  Alternate and alternating states arise in a wide variety of ecosystems, such as lakes, marine fisheries, benthic systems, wetlands, forests, savannas, and rangelands.   

The concept of resilience has often been depicted using a “ball-in-cup” metaphor (Figure xx) to depict a “resilience landscape”.  The ball represents the ability of a system configuration to shift as it is acted upon by internal and external forces.  The basin, or cup, represents a particular stable state, with the width of the cup representing the amount of disturbance that can be absorbed before the system shifts into an alternative stable state.  Both the ball and the shape of the cup are subject to change over time.

There are many different ways of conceiving of the vulnerability of a system to loss of resilience.  These refer both to the “topological” structure of the “resilience landscape”, or to the position of the ball within the landscape:

· The system is simplified; relationships and component relationships that are structural or redundant are lost (monocropping in agriculture or forestry).  

· The system is perilously close to threshold undermining ability to produce the valued commodity itself (combined or single effects of overexploitation, cumulative pollution effects, and/or loss of habitat within a fishery).

· System close to a threshold undermining web of component relationships and ecosystem functions, but the commodity itself is not visibly affected (e.g. the Mississippi River ecosystem, where navigation per se is not threatened by ecological decline; some commercial forestry systems in temperate regions).

· System more vulnerable to types of disturbance to which it was formerly resilient, in the face of which it had evolved (spruce forests of New England which had been homogenized spatially in terms of age structure and patch size led to increased vulnerability to natural budworm outbreaks; simplified estuarine or vegetative communities that are no longer resilient to moderate hurricanes).  

· Loss of disturbance regime leads to maturity and simplification of the system such that vulnerable to more catastrophic disturbances taking longer to recover on a human time frame (fire suppression in Greater Yellowstone ecosystem leading to large-scale, massive forest fire; climate change leading to more severe and more frequent storms, floods, and droughts).

· Loss of ecological services as an externality over which management and science are relatively unconcerned (historical response to declining aquatic ecosystem health in agricultural regions)
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Attempts to control for stability in human appropriation of resources lead to more rigid, less resilient systems.  In some cases, conventional scientific resource management has sought to eliminate these disturbances, selecting for less disturbance tolerant components and making the system more vulnerable to larger-scale disturbances.  In other cases, we have severely altered the timing, magnitude, and/or character of such disturbances.  In all cases, we have altered the fundamental dynamics of ecosystem processes and functions in ways which threaten loss of resilience.  In other words, collapse leads to a shift into alternative stability domains which are, for practical purposes, irreversible, given that we lack the knowledge, desire, and/or the financial resources to effect their reversal.   Examples include desertification of rangelands, salinization of irrigated soils in dryland farming regions, and large-scale tropical deforestation.  

Resilience has also been applied to the discussion of human social and economic systems, defined as the capacity to absorb shocks without collapse or loss of potential.  In human systems, however, “resilience” is not selected for in the same way, at the level of individuals and species. Institutions work to achieve stability within the social and political realm.  Power and effectiveness determine which organizational designs persist, not merely efficiency.   But human values for the system are also changing, and people are often unaware of values they hold regarding the status quo.  They often take for granted what ecological services provide until those services are threatened.  The surprise emerges when ecological services or values begin to decline and yet management hasn’t got them on their radar screen.

[image: image10.wmf]Assemble existing data

Model building

Model Modification

Data collection

Simplification

Evaluation

Communication

Step 1

Step 2

Step 2

Step 4

Step 5

Stages in AEA Model Development


In the past, conventional resource management has tended to gear itself over time towards optimizing for a single target or resource flow.  Such a narrow focus simplifies the system and erodes its capacity to produce other valued goods and services.  For example, forest management for maximum sustained yield of timber has led to severe impacts on riparian and aquatic resources as well as loss of many components of forest ecosystems  that were dependent on a complex mosaic of old-growth and patches of mixed successional stages.   Industrial, monocrop agriculture in the Midwest has resulted in simplified agroecosystems, loss of wildlife habitat, and degradation of recreational and commercial fishery resources from the Upper Mississippi to the Gulf of Mexico.   The valued goods and services that have been lost as an externality cost of single target resource management are most often common property system resources or ecological services.  For example, by eliminating wetlands through drainage and tiling, industrial agriculture has undermined the ecological services provided by wetlands such as flood protection, water quality filtration, and waterfowl and wildlife habitat.  Because the paradigm of modern technological progress has tended to reductionism, such services are often taken for granted until they are substantially at risk of permanent collapse or loss.  The point where the loss of these services is recognized by a critical mass often manifests itself as social crisis.   By then, resource management bureacracies are often so entrenched in the Iron Triangle of management, constituency, and political money that it is difficult, if not impossible, for management to look outward to recognize and alter its resource management goals themselves in order to the incorporate these new and broader objectives for the system. At this point, management bureaucracies often accept the need to incorporate multiple use objectives --whether on their own or in response to legislation--but often proceed as if these services can be re-created or sustained by tinkering at the margins of existing optimization strategies. 

Sustainability, in management terms, has been defined as management that meets the needs and desires of present generations in ways that don't foreclose options for future generations.  Bormann defines sustainable ecosystems as the condition of overlap between what the current generation desires for itself and future generations and what is biologically and physically possible in the long run.  This vision of sustainability acknowledges that decisions are driven by the value of the resource system to humans, but that value can be maximized over the long-term, given a more sophisticated understanding of value, some attention to intergenerational equity, and a more adaptive understanding of the ecological limitations of resources.  By almost any measure of current trends-- population growth, development rates and patterns, land use, fossil fuel and energy consumption, carbon accumulation, waste generation, nonpoint source pollution, ozone depletion, freshwater consumption--we are nowhere near sustainability.  Achieving sustainability means matching the scale of management to the dynamics of natural systems, but also matching the scale of social learning to the scale of natural and human-induced change.   In other words, achieving sustainability is about building the capacity to respond and cope with change, surprise and uncertainty. 

Resilience and the Precautionary Principle

In natural systems, large levels of natural variability often mask the effects of overexploitation (Ludwig 1993), increasing vulnerability, or of cumulative effects from stressors even when problems are suspected.  Overexploitation or vulnerability is often not detectable until it is severe and often irreversible (Ludwig 1993).  The inability to devise controls or conduct replicates in real time makes traditional hypothesis testing difficult if not impossible in the “real world.”  Time lags, multiple interactions, and nested scale processes combine to complicate inference.  The complexity of underlying biological and physical systems often preclude an exclusively reductionist approach to management.  Traditional reductionist science has often left these important questions about complex systems unaddressed and unasked (Figure x).  Rather than ignoring important questions, adaptive management recognizes the importance of this new stream of integrative science (Holling 1995).  Adaptive management builds on controlled, deductive, disciplinary science but also highlights the need for a science of processes and relationships, or “integrative” science--exemplified by studies of structure and function of “systems.”   In adaptive management, the manager-scientist recognizes limits to certainty, limits to control, and limits to prediction.  S/he acknowledges emergent properties, the interconnectedness and interdependence of the living and nonliving, human and nonhuman world, and the indivisibility of the observer from the observed (Ferre' 1996; Holling 1995, Gunderson et al 1995).  Through guided trial-and-error learning, adaptive management and management trials seek to balance reductionism with integration, parts with wholes, quantitative information with qualitative understanding. 

	Traditional science
	Integrative Science

	Reductionist: closed systems, linear cause and effect
	Holistic: interconnected, emergent properties (whole greater than the sum of parts)

	Deductive
	Inductive

	Belief in control, eliminating uncertainty( willingness to intervene
	Humility in the face of uncertainty ( Precautionary principle

	Single target or objective
	Multiple objectives and targets

	Separation of science from management
	Treats management as an experiment

	Avoid Type I error
	Avoid Type II and II error

	Focus is on maximum sustained yield, maximizing output of one or a few “products”
	Recognizes short-term variability; importance of feedback mechanisms,  multiple services and values

	Separates technical/scientific knowledge from intuitive, emotive knowledge
	Recognizes values, needs and alternative ways of knowing

	Treats nature, economy, and society as separate
	Studies links/relationships between economy, ecology, and culture

	Monodisciplinary: seeks to define discrete problems with clear boundaries
	Interdisciplinary: multiple approaches to yield integrated understanding 

	Hierarchy
	Networking, collaboration, negotiation

	Rule-based procedures and methods
	Flexible, adaptive policies

	Command and control 
	Self-organized chaos

	One path to “Truth”
	Many paths to “Truth”

	Decisions based on burden of proof
	Decisions based on weight-of-evidence

	Goal is to predict and explain
	Goal is to understand

	Examples:

Molecular biology, genetic engineering, technology
	Examples:

ecosystem and adaptive management, integrated and interdisciplinary, complexity studies, social sciences


Experimentation is necessary if we are to learn about the system, but we also know that fixes backfire.  Some decisions lead to irreversible change, but irreversible or undesirable outcomes may also result from continuing along the present course. Thus, there is a paradox involved in learning.  Trial-and-error learning has both costs--in terms of time, energy, resources, opportunity costs--and some risks--unintended consequences, failure (Holling 199x).  There is a trade-off in balancing the value of reducing future uncertainties ('learning') against the costs of managing for the status quo without experimentation. In most management agencies today, the decision maker who risks learning faces more severe social and political consequences than one who does not.  Existing management is risk averse because of legal threats, polarized political contexts, and the inability to design safe-fail experiments. 

Obviously, an experiment should not destroy the experimenter; i.e., someone must be left to learn from it (Holling 1975).  In other words, an experiment should be safe-fail; it should not cause irreversible changes in the environment at least at a significant scale.  But several authors have pointed out that at the global scale, we as a global society have moved into an era in which we are regularly engaging in large-scale “experiments” with unknown side effects, theoretically capable of producing errors larger and more costly than we can afford.  We don’t know what will ultimately be the effects of climate change, ozone depletion, acid rain, population growth, large dams, accumulation of chemicals in the environment--large-scale “experiments” we did not initially acknowledge or know we were even running.

Part of this paradox stems from the way our institutions and society have historically assigned the burden of proof within science (Figure xx).  Innovation, technology and economic growth have been the sacred cows in the positivistic, reductionist paradigm of post-World War II global economic development.  Scientific institutions have focused on single-loop learning within a technological paradigm: generating new technologies and innovations. Where concerns are raised about social, economic, or ecological implications of a new technology, the burden of proof in cases of negative net benefits or harm has been solidly assigned to society.  The detractors have been charged with the responsibility of clearly demonstrating that a policy, new technology, or even the status quo, is generating or is likely to lead to negative net benefits, irreversible degradation, or loss of resilience.   
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But conventional scientific hypothesis testing, focused on avoidance of Type I error, is ill-equipped to handle this assignment.   Conventional statistical hypothesis testing functions by testing a single null hypothesis against the data.  Typically the null hypothesis is framed as “no effect.”   Hypothesis testing is most frequently used to avoid Type I error, or affirming an alternative hypothesis when the null is in fact true. In resource management, a Type I error would be the probability of concluding that there is an effect (of some management policy) when in fact there is no effect.   In skeptical science, we want to avoid affirming propositions that later turn out to be false (Lee 1995).  In practice, however, the over-emphasis on avoiding Type I error has often led to increased likelihood of Type II errors. Type II error is the probability of accepting the null hypothesis (no effect from experiment or status quo) when in fact it is false, and an effect is occurring.  Thus, the failure to detect a negative trend or change is a Type II error.  In science and criminal law, we want to avoid convicting innocent persons of crimes (Type I error), so we sometimes let guilty people go free (Type II error).  Constrained by the self-imposed need to statistically reject a specific null hypothesis, we have largely ignored the overlapping probability that the alternative was true.  

Most experiments in complex resource systems have low power to detect alternative hypotheses (high probability of Type II error), even when the Type I error probability is very low.  Thus, conventional statistical hypothesis testing, in which a single hypothesis is evaluated against the data, often leads to errors of inference. Furthermore, in many natural resource system contexts, the costs of Type II error may be more severe.  If the effect of a management policy is negative and the consequences costly, the cost of low power--accepting the null when an alternative is true--may be much higher than the costs of erring on the side of caution. Type II errors often result in inadequate response or delayed decision-making.  Because of lag times inherent in the dynamics of systems, by the time an effect can be detected it may be too late to avoid the costs.  Furthermore, Type II errors in resource management may be more costly because many environmental and human health effects are irreversible (Dayton 1998). Lag times in the recovery of the affected environment or of human well-being may also lead to significant costs.  By contrast, Type I errors are usually limited to short-term economic costs; e.g. foregoing development or commercial deployment of a chemical until it can be assured that the decision will not result in long-term adverse consequences to resource values or human health. 

The failure to detect a negative trend may ultimately and ironically foreclose options for future learning.  For example, failure to address the consequences of water management in south Florida led to a large number of species being listed as endangered.  Today, experimentation with water deliveries to Shark River Slough in the Everglades may lead to unacceptable local extinctions of one of the few remaining populations of Cape Sable Seaside Sparrow.  Thus, adaptive management experiments in the Everglades are interpreted as illegal under the federal Endangered Species Act.  The presence of highly vulnerable species and the risk of flooding private lands serve as unacceptable risks preventing the possibility of experimentation, and options for learning are foreclosed.  Opportunities for learning may also be foreclosed if agencies have created expectations from constituencies by operating for too long under the illusion of control, if they have failed to establish the prerogative for experimental ecological management.

The distinction between Type I and Type II errors is similar to the distinction between the two streams of science, and suggests not that there need be a battle between the two approaches or philosophies, but that acknowledging the role of other types of error in study design is necessary if learning is to keep pace with change.  In adaptive management, focusing not just on single-loop but on double-loop learning--or avoidance of Type II errors-- involves two approaches that are designed to avert irreversibilities.  The first involves the use of more statistics, not fewer, to expand the power of research approaches (Lee 1995). Active adaptive management views management as the source of a range of experiments, in which policies are treated as alternative hypotheses and managers update and revise management on the basis of these experiments.  By comparing the various probabilities of Type I and II errors, hypotheses may be tested simultaneously against each other, using the data to evaluate the degree of belief that should be accorded to each of the hypotheses (Hilborn and Mangel 1997). What is known or unknown?  What are the various probabilities of outcomes under each hypothesis?   Experiments are designed iteratively in such a way as to yield accumulating weight of evidence to discriminate between the various hypotheses.  Management “treatments” are primarily designed to achieve a given level of product, but with adaptive management we are attempting to learn about the system as well.  We are working with a dynamic system that is constantly changing under pressure.  How does the system perform far-from-equilibrium? 

The process of moving through a cycle of inquiry, matched at each stage to the degree of knowledge and data available regarding system function and process, has been termed “adaptive inference” (Holling and Marples 199x) .  Adaptive inference begins with speculation guided by empirical observations and data, and is followed by extensive efforts to pose several competing hypotheses of causation, to accumulate evidence that helps separate among hypotheses, and to develop and test specific predictive models, to form generalizations, and finally to return to speculation.  In adaptive inference, avoidance of type II error (rejection of useful hypotheses) dominates the initiation of the cycle of inquiry, or the assessment process.  However, avoidance of type I error (acceptance of false hypotheses) evolves to occupy a place of importance towards the end of each cycle.  Thus, the shift in the burden of proof that explicitly recognizes the costs and probabilities of different errors (from minimizing Type I error to acknowledging a range of Type I and II probabilities) is one that is a dynamic and recurring part of the management and policy cycle.
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Adaptive management, however, requires a second approach to avoiding irreversibility which emphasizes the maintenance of future options. Assessments must highlight uncertainties and search for flexibility, identifying management and policy options that eliminate or buffer negative relationships between ecological and economic objectives.  Adaptive management seeks to maintain flexibility and options for the future in a world where the future is not predictable, and to prepare for multiple contingencies.  In this sense, adaptive management must adhere to the precautionary principle.  A precautionary approach recognizes that where significant concerns regarding potential harm are present and yet where significant uncertainty exists, it is often necessary to take decisive action in the absence of clear scientific evidence.  In practice, the precautionary principle has emerged most notably out of global discourses in the context of international trade law and environmental agreements.  

The precautionary approach epitomizes several fundamental paradigm shifts in resource management decision-making:

a) Pattern over prediction: A shift in focus on the dynamics driving system change in order to identify compelling need for action in the absence of predictive certainty regarding specific outcomes.

b) The recognition that non-linear thresholds exist, and that it is essentially impossible to precisely measure or detect such thresholds in advance in order to optimize management while avoiding a system flip. 

Even given the dubious assumptions that resources have only instrumental value, that discount rates are positive (such positive discount rates serve to heavily weight present values heavily above those of future generations), and that individuals are rational in attempting to optimize their choices, conventional economic decision-making in resource management has often been oversimplified.  In the context of uncertainty or irreversibility, individuals often ascribe option and quasi-option values to preserving the existence of future options, and are willing-to-pay to avoid irreversibility or foregoing future opportunities (Krutilla and Fisher 1975).   Values for preserving certain future options, particularly in the case of risk-averse individuals, may more than cancel out discount rates, leading to significantly more conservative and precautionary decision-making.  Given that a significant proportion of the public ascribes explicit non-use or intrinsic value to natural systems, that individuals exhibit bounded rationality, and that the values of future generations should not be discounted, it is ultimately incumbent upon resource management to incorporate a shift in the burden of proof into policy design. 

9. Theory is not an intellectual luxury, it is a practical necessity. 

“There is nothing so practical as a good theory.” --Bertolt Brecht

Ideas lead change. Theory and practice must be tightly linked. Without one, the other withers. When theory or practice operate in vacuums, precious time and resources are wasted and unintended beneficial or adverse consequences go unexamined. Far too frequently, assessments and the decisions that follow are unlinked, and opportunities for learning are lost. Assessments need an integrated scientific framework upon which to build shared understanding that bridge with policy options. The lines that separate research, policy, and practice must eliminate work in tandem.

In human endeavors in which people are collectively engaged, participants develop relationships and shared value systems.  Such an observation would traditionally have been viewed as belonging in the realm of the history of science, largely irrelevant to the accumulation of scientific truths.   However, a large body of recent research emphasizes the fundamental importance of personal values, commitment, and passion in the careers of successful scientists, practitioners, and leaders (Westley 1995). AEAM recognizes that such relationships are not mere byproducts, but explicit components of the learning process.  Over the years those who have labored diligently and distinguished themselves in the field of AEAM have become a kind of family, an “institute without walls”--the Ralf Yorque society.  “The name was born as a product of the sometimes indelicate, perhaps naive, but always joyful, creative spirit of the group” (Holling 1978). The collective code of norms has been partially articulated by Don Michael (1973; Senge 1994):

· Embracing error—Acknowledging specific uncertainties is the basis for building honesty and integrity, the stuff on which learning systems are based; it is also the operational precondition for building capacity to adapt. Institutions have a penchant for ignoring error and avoid dealing with it at almost any cost. Without embracing error, there is no learning, no change in ideas, attitudes or behavior. 

· Spanning Boundaries—Attempting to expose and address error even under the most constructive conditions can be very threatening to people. Thus, it is necessary to develop trust, and to reach out to who and what we are not, a skill requiring considerable skill and patience. Boundary spanning is the negotiation of “no man’s land” that separates peoples and institutions. Akin to coordination and conflict resolution, it is a process of searching for ways to create new meaning and offers the potential to transform relationships from vicious cycles to virtuous cycles—creating generative relationships that foster collaborative learning and creative synthesis.

· Coping with role ambiguity—Learning and helping others to learn new ways will be perceived as not just pushing the envelope, but having gone over to the “other side.” Michael says the feeling is like standing with both feet firmly planted in mid-air! Without considerable trust and respect among peers and by superiors, leaders of change can appear as “loose cannons,” “lacking discipline” and having questionable loyalties. True leaders will emerge only from those with considerable personal mastery and integrity of character.

· Developing active listening skills—Listening in an active way is essential because unraveling systems problems require going deeper. It requires a person to understand how what people think, feel, and act is linked to deeper belief systems and lived experience. Belief systems and natural systems are nested. Real leverage comes from searching below the surface of events and trends, probing for the logic of change. Active listening may be a hackneyed term, but next time your exploring the depths of an ecological (physical, biological, cultural) problem, for every answer you think you have uncovered, ask “why” again—the causal chain of relationships will begin to reveal itself, grudgingly. Only the most tenacious listener will be rewarded.

CONCLUSIONS

Understanding how natural systems perform far-from-equilibrium and designing precautionary management probes for societal benefit and learning form the basis of Adaptive Ecosystem Assessment and Management. AEAM is not just about incremental change.  It is not about patching holes in existing approaches to resource management.  It is not just integrative or interdisciplinary science.  At its core is the understanding that a new coming together of science, policy, culture and ethical activity is necessary.   Transcendence is the only alternative to extinction” (Havel 1990).  

Implementing AEAM calls for a deep commitment to abiding change, not just in our skills and capabilities, but in our attitudes and beliefs, awareness and sensibilities (Senge 1994). The focus of adaptive management should be on redefining the relations between managers, scientists and citizens, expanding the learning out of scientific circles alone to include not just managers, but citizens and stakeholders as well, who have a role in defining the futures for which adaptive management is being pursued.  Experimentation in adaptive management is about “Creative-Destruction” of paradigms.  “Both practitioners and researchers must recognize that experimentation [in adaptive management] is not just a study; it is not just a program evaluation; it is a major process of organizational change.  No matter how temporary that change may be, it is still going to be intrusive and major” (Lawrence Sherman, quoted in Garner and Visher 1988).  AEAM is about revolutionizing the way natural resource management is conducted.  

A complete adaptive management system must also include connections to underlying scientific theory, and substantial institutional considerations. A substantial focus should be on redesign of institutions and organizations to create the conditions for learning: from top-down, formalized hierarchical structures with constrained information flow to informal, networked, adaptive learning institutions.  Re-designing resource management organizations for learning requires increasing the lines and directions of communication and broadening the base from which ideas emerge. In identifying the adaptive challenge, organizations and practitioners must be able to investigate the problem with some degree of objective reality, to orchestrate conflicting perspectives in a constructive environment, and to manage information and frame issues in challenging, but not wholly threatening ways.  The functioning of components and the new system as a whole must be continually analyzed to identify and remove bottlenecks. People need to be given the freedom, even encouraged, to take risks (Bormann et al 1994).  Managers have to have the motivation, the vision, the desire, the risk-taking motivation and/or the legal requirement to act.  Because the occasional failure is unavoidable, experimental risks should be designed in such a way that the consequences of failure lead to learning rather than crisis and disaster.  Rather than pursuing engineering “fail-safe” designs and solutions, experiments should be created that are “safe-fail”.  Incentive structures should be designed that tolerate risk, reward safe-fail experimentation and innovation, and that encourage rather than penalize desired behaviors.

Responsible and relevant policy evaluations require a broad set of indicators intelligible to those who make and those who endure the ultimate policy design.  We must monitor effects of our decisions and direct disciplined attention to contradictions surfaced by policy, or we cut short the feedback loop.  Evaluation programs should include not just monitoring of ecological responses to management and regional ecosystem conditions, but monitoring of societal views and values, inventory and analysis of past actions and responses, and integration of feedback and experiments across scales. 

The field of natural resource management is in the midst of a protracted period of profound change. The question is not one of considering environmental values, but rather of understanding and benefiting from the invisible hands of nature at work on the landscape and how humans are an extension of that pattern, having coevolved with those systems. Leopold (1949) referred to this phenomenon of nature as the “revolving fund of life.” The record of the past 150 years is one of humans evolving into a planetary force bent on harnessing nature to human aspirations for exploitation, growth, and development.  But sustainable resource management is not simply a matter of honing our capacity to sustain ever-increasing yields or engineering ever-decreasing levels of  risk and uncertainty.  

Ecological sustainability will hinge on our capacity to learn, understand, live with and profit from variability that exists in ecological, economic, and community systems—resilience. As individuals making individual choices in social context, our challenge is to develop institutions, shared understanding of sufficient complexity, and mechanisms to adapt to prevent negative change.  A future must be envisioned that is predicated on the renewal of both economic and ecological systems, to have the opportunity to fulfill their combined potential. The difficulty of this undertaking is considerable; the outcome uncertain. While the search for ways out of our current management pathology have begun in earnest, work is progressing slowly, with too much groping, too little insight, and attempts to reinvent understanding that already exists.  

At the same time, trend is not destiny. We are not locked into some environmentally deterministic future.  Ideas have power.  Scientific ideas have political and ideological consequences.  How we as humans we construct our individual identities has an enormous impact on how we relate to each other and the environment upon which we depend. As humans, we have the capacity both to create envision and create the kind of future we want. We can choose to slow the rate of change, and we can search for ways to be more adaptive. Human social and economic systems are enormously plastic.  We have the choice--we can take the individualistic path of least resistance that leads to gridlock and disaster, or we can cooperate and collaborate to create an emergent future.  We can’t possibly understand everything about the complex, rapidly changing systems in which we live and function, but perhaps we can exert some control over the consequences of the situation we have created—first, by building more flexible, adaptable, and resilient cultures more in tune with the local and global environment, and secondly by taking a more precautionary, humble, and experimental approach to intervention in natural systems.
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Figure 2a.  Single and double-loop learning.  (From Argyris, Chris.  1997. Overcoming Organizational Defenses: Facilitating Organizational Learning. Allyn and Bacon: Boston.  Oliver Wight Publications, Inc.  Essex.)
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Steps in the Process of Adaptive Environmental Assessment
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Multiple objectives 

STORIES

Value orientations

Cognitive maps

Belief systems

Adaptive inference

Mediation

Monitoring





The right tools for the right context:

Recreate separately Starfields’ matrix:

Examples:  

“Implicit in all decision aid technologies is a theory of what knowing is and hence what reality is” (Carrier & Wallace, Ethics in Modeling) (bec purpose of decision aids is to increase cognitive capacity by gathering and interpreting data & telling a particular story for the user/DM

Reductionist Science & Modeling --has been very useful for solving problems of technology

The upper right realm is for large social that transcend space and time, and we are stretched frather out in terms of the “Bounds of Rationality”--we rely on heuristics to hold the complexity .  This is where we underestimate the content of “native knowledge”

Myths, just like Holling’s 4-box dynamic, come from a  long history of dialectical engagement with he resource: e.g. the Cree manager

We also underestimate the role this lived experience plays in the “scientist -expert” has vastly greater knowledge and understanding than what he has published as fact in peer-reviewed knowledge.  He acquires “native knowledge through a lifetime of probing and observing.
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Bounded 

Rationality

Here

and 

Now

Past

Future

Time

Space

Then

There

Long Ago

Far Away

7th generation

BIOME

BASIN

REGION

WATERSHED

VEGETATION

CHEMISTRY

HYDROLOGY

GEOLOGY

“Long ago and Far Away”
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Thruput



Science-based 

modeling of 

ecology and economy

Input

1. Concerns

2. Questions

3. Direction

Output

1. Expanded dialogue

2. Learnings

3. Win-win scenarios

Citizen Involvement

Science

Policy

COMPONENTS

OUTCOMES

Upper Mississippi River AEA Process.  From Phase I Report. 1997.









Trust

Structure

Useable info
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Assemble existing data

Model building

Model Modification

Data collection

Simplification

Evaluation

Communication

Step 1

Step 2

Step 2

Step 4

Step 5

Stages in AEA Model Development
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Range 

of 

Options

Outcomes:



Probabilities?

Irreversibilities?

Unpredictabilities?

Options?

Contingencies?

Flexibility?
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Policy 

implementation

Policy 

monitoring

Policy 

evaluation

Policy 

reformation

Policy /hypothesis

for testing

PLAN

ACT/DO

REVISE

REFLECT

The Learning Wheel:  Single Loop Learning
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Resilience and Crisis: Vulnerability

		Increased vulnerability to:



a.  same level of disturbance 

b. increased frequency

c. increased magnitude

Examples:

		Monocropping, forestry



		Cumulative effects of exploitation or pollution



		External disturbance (global economy, the ‘perfect storm’)
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Resilience and Crisis: System Flip

2.	System flip: “Surprise!!”

Examples:

		Lake eutrophication

		Crop pest outbreak

		The ‘perfect storm’
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Myths of Nature

Figure 3. The Myths of Nature and the Burden of Proof.  

Nature capricious

Nature perverse/tolerant

Nature benign

Nature ephemeral

Burden of proof:  Scientists/ Conservationists

Burden of proof:  “Interventionists”

Burden of proof:  None

Burden of proof:  Shared








