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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 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 paper is offered as a set of principles and tools for moving towards the answers to those questions.  

History and Development of Adaptive Management

Adaptive management is an integrated approach to acknowledging and reducing uncertainty in natural resource management management through a process linking science, values, management, experience, and decisionmaking.  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”  (Nyberg and Taylor 1995).   In treating policies as experiments and actively designing feedback loops into future decisionmaking processes, active adaptive management is designed to speed learning, to surface and challenge old models and beliefs, and to create new understandings and behaviors, leading to better management and increased trust. 

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; Davis and Ogden 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.  Many of 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).   As an approach to management decisionmaking under uncertainty, adaptive management has experienced noteworthy success in technical approaches and transformation of understanding.  It has been less successful in dealing with uncertainties in social, institutional and economic settings, and thus in transforming resource management institutions (Gunderson 1995). Yet the heart of adaptive management is the recognition of the need for more fundamental transformation in response to the failures of conventional scientific management.   

In a seminal 1993 paper, Ludwig et al offered a set of prescriptions for dealing with entrenched resource management problems that advocated—among other responses--including human motivation and responses as part of the system to be studied and managed.  

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. In practice, adaptive management has focused almost exclusively on how to reduce the technical uncertainties of managing natural ecosystems (Holling 1978; Walters 1986; Halbert 1998).  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).  

Indeed, 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.  Thus, 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.  Resource management agencies are often trapped by their competencies and their past 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 concept 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, 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.  Analysis of the institutional and organizational environment in which the science-based process of adaptive management is to be carried out is thus just as important as assessment of the ecosystem response.  Adaptive management should thus  reflect changing values, goals, and expectations for natural systems (Bormann 1994) to the extent that those changing values are compatible with the maintenance of ecological resilience. 

What are the key ingredients of an active adaptive probe?  

Nyberg and Taylor (1995) list the key characteristics of adaptive management as 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. What differentiates adaptive management from management-as-usual, from conventional scientific resource management done well?  Is adaptive management fundamentally different, or is it just a method of continuous improvement, a technique for generating “good” (or quality) science and management?  We argue that adaptive management is not merely a strategy for generating good quality science to be applied to conventional scientific resource management.  With careful attention to the process and content of organizational design, management, and research, a well-designed adaptive probe can lead to double-loop learning, speeding the process by which assumptions and paradigms that serve as barriers to learning and effective management can be transcended.  

Key Ingredients of an Adaptive Probe

To maximize the possibility that adaptive management experiments will qualify as "adaptive" in retrospect, with the benefit of 20/20 hindsight, research probes should strive to achieve the following:

· Acknowledge and confront uncertainty

· Consider a variety of plausible competing hypotheses and possible actions; maintain options; favor actions that are reversible.

· Examine assumptions (avoid Type III error)
· Maintain options; favor actions that are reversible
· Favor multiple modes of inquiry & multiple paths to understanding
· Involve stakeholders in goal-setting for adaptive management
· Identify and model key variables and drivers

· Re-organize organization and process to support linked decision-making, shared understanding, and information flow

· Build lateral communication flow through informal “shadow networks”

· Broaden the base of input to build trust and a constituency for adaptive management 

· Build in monitoring and assessment processes for mid-course assessment and adjustment

Equally important, leaders and proponents of adaptive management efforts will be more effective if their personal ethos exemplifies:

· Embracing error

· Spanning boundaries

· Coping with role ambiguity

· Developing active listening skills
Table 1.  Definitions of Adaptive Management--Differing or Conflicting?

	Adaptive management is:
	Source

	"a process which integrates environmental with economic and social understanding at the very beginning of the design process, in a sequence of steps during the design phase and after implementation… Adaptive management explicitly recognises:

· The need for management decisions to examine economic, social and environmental values in an integrated way. 

· The presence of many, diverse, stakeholders in environmental management issues; and

· The uncertainty inherent in environmental processes.”
	Holling 1978

	"(a process) combining democratic principles, scientific analysis, education, and institutional learning to increase our understanding of ecosystem processes and the consequences of management interventions, and to improve the quality of data upon which decisions must be made" 
	Ecological Society of America 1996.


And it is..


	"… an approach to natural resource policy that embodies a simple imperative: policies are experiments; learn from them. In order to live we use resources of the world, but we do not understand nature well enough to know how to live harmoniously within environmental limits. Adaptive management takes that uncertainty seriously, treating human interventions in natural systems as experimental probes. Its practitioners take special care with information. First they are explicit about what they expect, so that they can design methods and apparatus to make measurements. Second, they collect and analyse information so that expectations can be compared with actuality. Finally, they transform comparison into learning - they correct errors, improve their imperfect understanding, and change action and plans". 
	Lee 1993

	“…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.

	"a concerted effort to integrate existing interdisciplinary experience and scientific information into dynamic models that attempt to make predictions about the impacts of alternative policies" 


	Walters 1997.


Key Ingredients of An Adaptive Probe

1. Acknowledging and confronting uncertainty.  Uncertainty is inevitable in natural resource management.  Uncertainties pervade our understanding of natural systems, both their function and our science-based methods for organizing information, monitoring, and performance evaluation.  We often know little about the divisibility or reversibility of management activities, or about the anticipated speed, scale, and complexity of change.  Uncertainty extends well beyond what management policy is “best.”   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 expressed as varying budgets and changes in political commitment to policies, experiments, or theories.  Public values for ecosystems are constantly being negotiated in response to new information, dialogue, and relationships.  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.  Uncertainties derive even from the cognitive limitations of the human mind--the mental models we cling to because we are unable to make sense of contradictory feedback, even when those mental models are maladaptive.   

Mismanagement of uncertainty leads to vicious cycles--decision-making gridlock, reduced opportunities for learning, and perpetual crisis and surprise.  Dealing with uncertainty requires creating "virtuous cycles", beginning by considering a variety of plausible hypotheses about the world and possible strategies; favoring actions that are robust to uncertainties and reversible (“hedging”); favoring actions that are informative (probe and experiment), and conducting and updating assessments (Ludwig et al 1993).

2. Consider a variety of plausible competing hypotheses and possible actions; maintain options; favor actions that are reversible.  

The purpose of an adaptive probe is to consider a range of 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.  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). Alternative hypotheses regarding system function and management policies should address explicitly the human side of organizational design and participation in decision making.

In a world where the future is not predictable, adaptive management should seek to maintain flexibility and options for the future. It must prepare for multiple contingencies, favor actions that are reversible, or "hedge" (Ludwig 1993).  Assessments should identify policy options that eliminate or buffer negative relationships between ecological and economic objectives.  In this sense, adaptive management requires a precautionary approach.  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 many cases, this may require a redistribution of the "burden of proof" -- from avoidance of Type I to avoidance of Type II and III error.  This is because in natural systems, large levels of natural variability often mask the effects of loss of resilience (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. Nevertheless, where concerns have been raised about the implications of overexploitation or introduction of novel technologies, the burden of proof has fallen squarely on the inductive side, who have been charged with the responsibility of scientifically demonstrating their concerns are justified.   But conventional statistical hypothesis testing, focused on avoidance of Type I error with respect to a single hypothesis, is ill-equipped to handle this assignment. Because of the underlying complexity of biological systems, most experiments have low power to detect alternative hypotheses (high probability of Type II error), even when the Type I error probability is very low. Saddled with the self-imposed constraint of statistically rejecting a null hypothesis (typically framed as no effect), we have largely ignored the overlapping probability that the alternative was true.  Worse, in many natural resource system contexts, the costs of Type II error may be more severe. 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. Lag times in the recovery of the affected environment or of human well-being may also lead to significant costs.  Indeed, many environmental and human health effects are irreversible (Dayton 1998).   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.  Adaptive management experiments in the Everglades are often interpreted as posing unacceptable risks under the federal Endangered Species Act, preventing the possibility of experimentation.  Opportunities for learning may also be foreclosed if agencies have created expectations from constituencies by operating for too long under the illusion of control, and if they have failed to establish the prerogative for experimental ecological management.

Avoiding Type II errors may involve the use of more statistics 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 as much to learn about the system as to achieve a specific outcome.  

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”.  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.

3. Examine assumptions (Type III error, i.e. "wrong question")

Simply linking science to management is not enough to overcome the rigidity of the management pathology. 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.  Scientists and their judgments are subject to political pressure and their disciplinary training (Ludwig et al. 1993).  Rarely are evaluations designed to question the assumptions upon which management is based. Scientists are unlikely to question their own governing values or mental models.  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.”  

Thus, the management environment must remain open to continual questioning of assumptions and approaches.  Managers need to facilitate “bounded conflict” (Lee 1993), a kind of healthy skepticism that fuels learning, debate, dialogue, and observations. 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, can be achieved. 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”.

4. Use multiple modes of inquiry; recognize multiple paths to understanding

It is often critical to build weight-of-evidence on at least two levels.  The first involves building interdisciplinary, integrative frameworks for building knowledge of a system across and based on different scientific backgrounds, methodological and statistical approaches.  The second level acknowledges a broader base of knowledge-- native, local, and intuitive understanding.  This understanding is carried by a wider group that includes citizens, stakeholders, landowners, resource users, field staff, local managers, and others who may or may not have formal scientific training but who bring a variety of experience, observations, and value orientations to the table.  Local or experiential knowledge of a resource, developed over an individual’s lifetime, can serve to enrich quantitative understanding.  Indeed, it may be based on precisely the kind of inquiry-based, interactive observation of the system for which good dialectical science strives (Levins and Lewontin 1992).  Often, managers may lack the long-term data needed to support traditional reductionist probes.  For example, in the process of trying to reconstruct a vision of the natural hydrology of the Kissimmee River for the purposes of parameterizing experimental hydrologic manipulations and developing restoration criteria, Kissimmee managers and scientists relied partially on what they called “anecdotal knowledge,” or qualitative knowledge held by long-time residents and sportsmen regarding densities of wading birds or the extent of spring flood peaks prior to channelization.   Such anecdotal knowledge was critical for developing hypotheses about system function, modeling scenarios, and experimental probes.
Adaptive management uses the contradictions and the structural uncertainty arising from "contradictory certainties" of different groups (Schwarz and Thompson 1995) as a platform for learning.  Stakeholders may have different explanations of 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. Contending frameworks each define ‘the problem’ in a different way.  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. 

Participatory approaches that incorporate a broader range of stakeholders in the process of building simple conceptual models may therefore lead to surprisingly sophisticated depictions of causal relationships and alternative stable states (Daniels  1997).   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.

5. Involve stakeholders in goal-setting for adaptive management

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.  Management cannot be adaptive unless there is a process for appropriately balancing the visions and goals to which management is geared.  Individuals may have goals and values for the system that are incompatible with those of others, or even others they hold simultaneously.  Adaptive management 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 goal setting and reality-testing.

6. Identifying and modeling key variables and drivers.   
“We must try harder to understand than explain.” –Vaclav Havel.  

Ecosystems are inherently dynamic. To study complex adaptive systems we need to try harder to understand patterns of behavior than to explain or predict limited manifestations of them.  Understanding and recognizing pattern—qualitative properties that fix the limits of change—and requires scientific methods of integrating and analyzing relationships among parts.  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. More often than not, the variables that attract most attention cause rapid change and operate at small scales. Assessment should strive to identify the pace at which change is occurring, the long-term, slow changes in structural variables or system properties, and the assumptions upon which current policy rests.

7. Re-organize organization and process to support linked decision-making and information flow.  
As important to the long-term success of conducting a successful adaptive probe as the experimental process itself is the analysis and reorganization of the institutional and organizational environment in which the science-based process of adaptive management is to be carried out. Far too frequently, assessments and the decisions that follow are unlinked, and opportunities for learning are lost.  The lines that separate research, policy, and practice must eliminate work in tandem.  Little analysis has been conducted on the sociological and institutional requirements necessary for effective implementation of adaptive management (Halbert 1998). 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. Incentive structures should be designed that tolerate risk, reward safe-fail experimentation and innovation, and encourage rather than penalize desired behaviors.

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. Computer models may help people to recognize and learn from complex patterns that play out over longer and larger spatial and temporal scales than those with which they are accustomed to dealing.  Most of the learning takes place in the process of building them.  Because computer models developed in this way are not directly tied to an individual's personal and professional performance, they may aid in learning by helping to create the safe climate in which biases can be "unlearned" without threat or sanction.  

AEAM models are works of "imaginative synthesis."  The goal is to develop the most simple model possible that can qualitatively simulate a range of system behaviors in response to management. They are better at challenging than confirming hypotheses, generating new hypotheses, and speculating about rather than predicting likely outcomes.  The goal of phased modeling workshops is to create a series of steps that begins by bridging the gaps between methods and disciplines, moves to bridging the gap between institutions and individual social roles, and finally to bridge gaps between constituencies. Conceptual models of the entire system, based on a variety of stakeholder and disciplinary understandings, are used to construct  simple computer models of ecosystem behavior using a combination of decision analysis and modeling tools.   Alternative hypotheses and policy scenarios are then discussed and evaluated in terms of outcomes using a combination of available data, decision analysis tools, and best professional judgement.   

8. Build lateral communication flow; informal “shadow networks.”

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 is perhaps the key challenge for North American land management agencies (Gunderson 1998).  

Cooperative linkages between institutions and individuals are necessary but not sufficient (Clark et al. 1979) for developing shared understanding.  Truly effective transfer and implementation hinges on local leadership and individuals who are fully committed to the process.   Shared values or commitment to finding solutions and alternatives serve to span the boundaries created by group culture and identity, while broad and redundant membership horizontal communication across the relevant agencies, institutions, and stakeholders. 
9. Broaden the base of input to build trust and a constituency for adaptive probes.

Adaptive experiments often fail because they lack a sufficient constituency, either in the broader public or at the levels of upper management or Congressional authority, to ensure that experiments are carried out to the point where they contribute to learning. In highly polarized and conflicted settings such as the Everglades or the Upper Mississippi River, it is critical to build a constituency for the adaptive experimental process.  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. 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. 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.

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. 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.   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.

10. Build in monitoring and assessment processes for mid-course assessment and adjustment.  
Over time, the nature of the problem(s) tend to change. We are therefore always aiming at a moving target.   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. 

Responsible and relevant policy evaluations require a broad set of indicators intelligible to those who make and those who endure the ultimate policy design. 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. 

11. Personal Ethos 

In human endeavors in which people are collectively engaged, participants develop relationships and shared value systems.  Personal values, commitment, and passion in the careers of successful scientists, practitioners, and leaders are of fundamental importance (Westley 1995). Such relationships are not mere byproducts, but explicit components of the learning process.  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. Like 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. 
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