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Adaptive Management

DEFINITION OF ADAPTIVE MANAGEMENT

Adaptive Management (AM) is a rigorous approach learning through deliberately designing and
applying management actions as experiments. It figas developed under the name “Adaptive
Environmental Assessment and Management” in th€@4.8y Dr. C.S. Holling and Dr. C.J. Walters and
associates at the University of British Columbial @he International Institute for Applies Systems
Analysis in Vienna (Holling 1978). It has since begpplied to a wide range of resource and ecosystem
management problems throughout North America asewdlere (ESSA 1982, MacDonald et. al 1997,
Bouris 1998). AM is an approach to management thablves synthesising existing knowledge,
exploring alternative actions, making explicit petns of their outcomes, selecting one or morteas

to implement, monitoring to see if the actual outes match those predicted, and then using thesksres
to learn and adjust future management plans aridyp@Walters 1986, Taylor et. al 1997, Murray and
Marmorek 2003, Williams et al. 2007). This sequeatsteps can be summarized in terms of a 6-step
process (Figure 1).

Design

Evaluate impiement

Monitor
Figure 1 The Adaptive Management Cycle (Murray 2008).

Adaptive management may be essential for achiesurggainable use of natural resources, as it is ofte
the only way to rigorously address scientific uta@ties in how management actions affect ecosystem
Small scale research experiments cannot be legdlynaxtrapolated to the scale of management;
management itself must be conducted in a delidgratperimental manner.

Adaptive Management is sometimes referred to apermental management” (applying management
activities as experiments to see which are mosictifie in achieving management goals) and since its
initial inception in the 1970s various respectedhars in this field have published slightly diffete
definitions of AM (Table 1), but with important cononalities that include:

- Learning in order to reduce managementertainties

- Using what is learned to chanpaicy andpractice (i.e. “closing the loop”; ensuring
what is learned informs decisions)

- A focus on improvingnanagement (i.e. this is where the learning is applied)

ESSA Technologies Ltd. 1
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- Itisformal, structured, systematic (i.e. not ad-hoc, trail-and-error, or simply

reactionary).

Table 1 Selected Definitions of Adaptive Management (adaftem Marmorek et. al., 2006).

Definitions

Source / Citation

Adaptive management (AM) is a formal process for continually improving
management policies and practices by learning from their outcomes.

Taylor et al., 1997. Adaptive
Forest Management in BC.

AM is a structured process of learning by doing that involves more than simply
better ecological monitoring and response to unexpected management impacts.
It should begin with 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. Challenges in
Adaptive Management of Riparian
and Coastal Ecosystems.

AM is an approach to managing complex natural systems that builds on learning
— based on common sense, experience, experimenting, and monitoring — by
adjusting practices based on what was learned.

Bormann et al., 1999. Adaptive
management. In: Ecological
Stewardship: A common reference
for ecosystem management.

AM is a systematic process for addressing the uncertainties of resource
management policies by implementing the policies experimentally and
documenting the results.

MacDonald et al., 1999. AM
Forum: Linking Management and
Science to Achieve Ecological
Sustainability.

AM is a structured method for "learning by doing" that includes establishing clear
goals, defining practices to achieve those goals, implementing the practices,
monitoring the outcome of the practices, assessing how those practices are
succeeding relative to the goals, and adjusting management in response to the
assessments. It is designed to address questions such as: Where do we want to
go? How do we get there? How do we know if we're there? If we're not there,
how do we change to improve?

Kremsater, Perry and Dunsworth.
2002.

AM treats actions and policies as experiments that yield learning (it mimics the
scientific method: specifies hypotheses, highlights uncertainties, structures
actions to expose hypotheses to field tests, processes and evaluates results,
and adjusts subsequent actions in light of those results), and embraces risk and
uncertainty as opportunities for building understanding that might ultimately
reduce their occurrence.

Stankey et al., 2003. Adaptive
Management and the Northwest
Forest Plan: Rhetoric and Reality.

AM is “learning by doing” with the addition of an explicit, deliberate and formal
dimension to framing questions and problems, undertaking experimentation and
testing, critically processing results, and reassessing the policy context that
originally triggered investigation in light of the newly acquired knowledge. The
concept of learning is central to AM. It is a process to accelerate and enhance
learning based on the results of policy implementation that mimics the scientific
method: experimentation is the core of adaptive management, involving
hypotheses, controls and replication. It is also irreducibly socio-political in nature.

Stankey, Clark and Bormann,
2005. Adaptive Management of
Natural Resources: Theory,
Concepts, and Management
Institutions.

AM is a systematic process for continually improving management policies and
practices by learning from the outcomes of operational programs. It's most
effective form — "active" AM — employs management programs that are designed
to experimentally compare selected policies or practices, by evaluating
alternative hypotheses about the system being managed.

BC Ministry of Forests and Range
Adaptive Management web page

AM is a formal process for continually improving management practices by
learning from the outcomes of operational and experimental approaches. Four
elements of this definition are key to its utility. First, it is adaptive, and intended
to be self-improving. Second, it is a well-designed, formal approach that
connects the power of science to the practicality of management. Third, it is an
on-going process for continually improving management, so the design must
connect directly to the actions it is intended to improve. Fourth, although
experimental approaches can be incorporated into adaptive management
effectively, operational approaches and scales are emphasized to permit direct
connection to the efforts of managers

Bunnell et al., 2007. Forestry and
biodiversity - learning how to
sustain biodiversity in managed
forests.

ESSA Technologies Ltd.
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ELEMENTS IN THE STEPS OF THE AM CYCLE

Table 2 lists the basic elements in each of thatgigs in the AM cycle. Inclusion of the elementgach
step in the cycle depends on the specific conteahd\M initiative and consequently not all elenseate
employed in every AM initiative. However, each elsrh has an important function and there are
consequences for leaving any out. As elementsrappdd, the application of AM becomes less rigorous
and begins to move out of the domain of AM intceasl rigorous, and potentially much less effective
learning paradigm.

Table 2 Elements within each step in the AdaptivManagement cycle.

AM Steps Ideal Elements within each Step

o

Step 1. Assess
and define the
problem

Clearly state management goals and objectives

ID key uncertainties (what are the management questions?)
Explore alternative management actions (experimental “treatments”)
ID measurable indicators

ID spatial / temporal bounds

Build conceptual models

Articulate hypotheses to be tested

Explicitly state assumptions

State up front how what'’s learned will be used
Involve stakeholders

Involve scientists

Involve managers

Use active AM

Include contrasts, replications, controls

Get statistical advice

Predict outcomes

Consider next steps under alternative outcomes
Develop a data management plan

Develop a monitoring plan

Develop a formal AM plan (for all of the remaining steps)

Get the design peer-reviewed

Obtain multi-year budget commitments

Involve stakeholders

Implement contrasting treatments

Implement as designed (or document unavoidable changes)

Monitor the implementation

Implement the Monitoring Plan as it was designed

Undertake baseline (“before”) monitoring

Undertake effectiveness monitoring

Compare monitoring results against objectives

Compare monitoring results against assumptions, uncertainties, hypotheses
Compare actual results against model predictions

Receive statistical or analysis advice

Have data analysis keep up with data generation from monitoring activities

T T@ e ao0oT

Step 2. Design

< €2

TTe@ TP a0 o

Step 3.
Implemen-
tation

Step 4.
Monitoring

Step 5.
Evaluation of
results

® Q0T YO0 T 0T NT
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AM Steps Ideal Elements within each Step

Step 6. a. Meaningful learning occurred (and was documented!)
Adjustment / b. Communicate this to decision makers

Revision of c. Communicated to others

Hypotheses & | Actions or instruments changed based on what was learned
Management

ITERATION WITHIN THE AM CYCLE

The AM process is intended to be iterative. Affegnagement experiments are completed and assessed,
the knowledge gained should be applied to imprbeentext round of management. However, it is often
not possible to resolve all uncertainties in a leinganagement experiment. Also, the influence of
external drivers of the ecosystem should be expgeiiechange over time, and as they do, they may
influence the effectiveness of management strategi@nsequently, subsequent rounds of management
should also be treated as management experimawliadeto subsequent iterations of the AM cycle.

Iteration also occurs within the cycle itself. Feotample, if dealing with a first iteration of tlegcle,
especially if there is no preexisting baseline didtanay be necessary to conduct baseline mongorin
prior to completing Step 1 (Assessment) or StePeésign). However, baseline monitoring is different
from post-implementation monitoring (Step 4). Angoon occurrence is that the first year or two of
post-implementation monitoring and evaluation (Stépand 5) suggests changes to the design of either
the management action or the monitoring itselfuiggg a return to Step 2.

ACTIVE AND PAssIVE AM

AM experiments can be conducted in either an ActivePassive mode. In Active AM alternative
management strategies are deliberately appliedffierent treatment areas and/or times with statidti
designs that provide for strong contrasts (e.dewdfit levels of actions, treatments vs. controkgtive
AM enables more powerful learning over shorter tipegiods than Passive AM (Figure 2). Assigning
treatments randomly to locations and/or times imesathe statistical reliability of conclusions.

Passive AM is the application of one managemeatesyy that is believed to be the best or most efkec
(e.g. a Best Management Practice), rather tharralea® is done in active AM. While there would bet
active experimentation with alternative treatmemassive AM can still incorporate the six steps and
most of the elements in each. Passive AM may bessecy when the management problem at hand does
not provide suitable opportunities for Active AM.deit is not feasible or is too risky to implement
alternative management strategies), or if thegenged to verify that a best management practibéP(B

is indeed the best practice (e.g. learning thaMd® Bloes not actually achieve the desired outcoras m
suggest a subsequent need for more probing ustig &aV). If it turns out that the assumed BMP is
not producing the expected results, the passiveoapp significantly lengthens the time needed for
learning which practices are in fact “best”.

4 ESSA Technologies Ltd.
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BEST MAMAGEMENT PRACTICES

‘Best’ Monit d .
GAlS  — MANAGEMENT E:;Era?g Passive or
Strateqy sequential AM

DESIGNED GOMPARISONS

Management Stratagy A

Maonitor and Active or
Evaluate parallel A M

Goals <} Management Strategy B——>

Gray. 1998. Research and Learning Assessmentddddinthern Coast.

Management Strategy G

Figure 2 Comparison of Active and Passive Adaptive Manageémen

Using Adaptive Management in the Context of Develop ~ ment Projects

A common misconception about AM is emerging infie& of environmental impact assessment. Some
regulatory agencies and proponents mistakenly\aetizat AM is a good tool for resolving uncertaiaty
the EA stage regarding the potential impacts frevetbpment projects, and can be relied upon torensu
that significant impacts will not occur, or to ersahat significant impacts can be successfullygaied
after they have arisen.

As the name implies, AM is aboatvironmental management: taking an experimental approach in order
to learn whichmanagement actions, among some set of alternatives, will baset environmental
goals/objectives. Most projects undergoing an Exietg are neither an environmental management
action nor an experiment among alternatives: tlieydavelopment projects. The project is not somethi
designed to meet environmental management objsctitves typically the construction and operatidn o
something that is likely t@wause impacts. While there is uncertainty regarding witad significant
environmental impacts will be, and whether they baradequately mitigated, experimental management
in this context cannot ensure that significant@fecan be avoided or successfully mitigated. Wdolee
elements of an AM approach can be helpful in tgjgetof situation (for example, elements of the
Assessment step can help predict impacts, chaisetdre uncertainties behind these predictions, and
provide information useful in designingonitoring programs to track actual impacts), it is erronetous
expect that AM is a tool that will prevent unwantmbsystem changes from development projects. Even
in the right management context, AM is not apprateriin situations where impacts are likely to be
unacceptable or irreversible (i.e. when a “safé-faiperiment is not possible). Management actitvas

are to be subject to AM should be reversible {f.ethe management action does not achieve theetkesir
result) and practical irreversibility is a charaisttic of most development projects.

Adaptive Managememtay be useful for trying to find the most effectivetig@tion measures for impacts
that do occur, but it must be remembered that Al isol for learning how the system responds to our
actions — and we may learn that none of the feagifitigation measures will be sufficient to render
impacts insignificant.

ESSA Technologies Ltd. 5
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Guideline — Contents of Adaptive Management Plans

Adaptive Management plans are developed as pastey 2 in the AM cycle (element h in Table 2).
While there may be iteration between some of teenehts in Steps 1 and 2 in the cycle as the désign
refined, the AM plan should be prepared and fildtewthere is a complete draft of the design of the
management experiment suitable for peer reviewsome cases, where additional baseline informadion
needed, it may be desirable to conduct the pe@&wen two phases: 1) an initial review when thisra
well developed conceptual outline of the AM expeantal approach together with a design for collectio
of additional baseline information, and 2) a firliew when the design has been finalized in lgtihe
baseline information collected during the desigaggh

Adaptive Management plans must describe the resufi¢eps 1 and 2 in the AM cycle in sufficientalet

to permit a thorough peer review of the intendedegeinental design. This description should include
not only the design for the management strategidsvaonitoring to be carried out in Steps 3 and thef

AM cycle, but should also include a descriptiortloé anticipated analysis to be used in Step 5 lbad t
expected management response in Step 6 of the &AM based on what is learned (e.g. what changes in
policy or practice would be expected if the outcertieat argredicted in Step 2 do indeed occur). The
plan should describe the AM initiative (AMI) in digfent detail that it can be used to guide
implementation of the subsequent steps in the cybiethis regard an AM plan (AMP) should include
each of the components listed below.

1. Aclear statement of the management goals andtolgedor the AMI, in measurable terms.
2. Alist of the key uncertainties (management quesdi®o be addressed by the AMI

3. A description of the alternative management act{erperimental “treatments”) to be employed
in the AMI, and how they relate to the uncertaimtisted above. Management actions
considered during the assessment stage but whéahoaiincluded in the AMI, if any, should also
be identified and the reasons for their eliminafimm the AMI should be documented. In the
event that the AMI will employ a Passive AM approaihe plan should indicate the initial
management action to be explored, the durationarfitoring required to evaluate that action,
and the likely sequence of alternative managemeidres thereafter depending on the outcome
of the monitoring and evaluation steps (i.e. aeseof if...then statements). If the sequence of
alternatives is not specified, then the criteriadelecting alternatives for subsequent
investigation should be described.

4. A graphic (map based) and textual description efgpatial / temporal bounds of the AMI.

5. Conceptual models which describe the hypotheshs tested, and which thus underlie the
design, should be clearly documented. Such madelbest presented in terms of diagrams that
illustrate the pathways through which the effedtalernative management actions are thought to
occur, accompanied by descriptive text to explagmrheaning of the linkages in the pathway
diagrams. As appropriate to the context of the AMidh models should clearly illustrate the
specific spatial / temporal boundaries, and spAteiporal dynamics of the pathways. The
discussion / presentation of the models shouldlgistate the assumptions made in developing
the AMI design.

6. A description of the indicators that will be measiito assess the effects of management
treatment(s) (effectiveness indicators).

7. A description of the sampling design (locationsiitig / frequency of sampling for each
indicator) employed in collecting any baseline datad to develop or inform the AMI, and a
presentation of the results of the baseline manigofthis may be incorporated in the presentation
of the conceptual models which describe the hypathé¢o be tested).

6 ESSA Technologies Ltd.
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8. A description of how what is learned from the AMillvbe used to change management policy or
practice.

9. A description of the involvement of stakeholdersestists, and managers in the development of
the design of the AMI (who was involved, the methodlinvolvement, and their contributions).

10. If the AMI will employ an active AM approach (prefed) then the AM plan should include a
description of the contrasts, replications, costtolbe employed in the AMI.

11. Predicted outcomes of the management treatmethis. sfiould include not just the most likely
expectation, but the possible range of expectecbouts. The next steps to be taken in response
to each of the alternative outcomes should belsstescribed. This is especially important for
any designs that may employ a tiered approachdaegin which the initial level of monitoring is
designed to detect a problem which if detected doekessitate a subsequent management
response — either the implementation of correctiamagement actions, or increased monitoring
to further identify the cause of the problem.

12. Develop a data management plan:

data formats, locations, backup security,

planned design of the statistical / data analystee AMI results,
planned timing of analysis and reporting

planned reporting formats

planned methods for data sharing and review

YV VYV VYV

13. Develop a monitoring plan, that should include:

» A description ofimplementation monitoring to be done (where, how, by who, hovenft
for how long) including and reporting formats, irder to track and document the
implementation of the prescribed management trea{s)e and any deviations from the
intended implementation.

» A description of theffectiveness monitoring to be done (sampling locations, timing
frequency / duration by indicator, methods of datkection, methods for securing,
transporting and analyzing samples, etc).

14. A description of the plan for implementation of theatment(s) to be explored in the AMI. This
description should be provided in sufficient dethdt persons responsible for implementation of
the management action(s) can successfully impleitidregm as intended by the architects of the
design. This would for example include a suffithgdletailed description of the management
methods to be employed, their location and timamd(clear instructions to document any
deviations that might be unavoidable; although anm@ntation monitoring as described in the
monitoring plan should also be sufficient to catuis).

15. A description of the plan for data analysis, evatuaand reporting (i.e. how will you go from
data to decisions?)

ESSA Technologies Ltd. 7
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Rhonda Miller

From: Adrian Paradis [adrian@mviwb.com]

Sent: Thursday, June 26, 2008 9:39 AM

To: ‘Jason Ash'; 'Registry'

Subject: FW: guide to preparing an Adaptive Management Plan
Attachments: Adaptive Managmenet Plan Requirements.pdf

Please place on the MVLWB registry for Cantung.
Jason, can you forward this to the distribution list.

Adrian Paradis

Senior Regulatory Officer

Mackenzie Valley Land and Water Board
wk. 867-766-7473

fax. 867-873-6610

From: Hanna, Bruce [mailto:Bruce.Hanna@dfo-mpo.gc.ca]
Sent: Tuesday, June 24, 2008 12:51 PM

To: wstogran@natungsten.com

Cc: Adrian Paradis

Subject: guide to preparing an Adaptive Management Plan

Hi Wade

Here is the guide that ESSA Technologies produced for DFO. One example given by ESSA of how adaptive mgmt could
be used in one of the other mines was related to higher than predicted dust deposition levels.

The adaptive mgmt cycle (in the attached guide) would be used to explore why it was happening and then mitigation
experiments would be undertaken to try and reduce the dust deposition. This action would be triggered at an early
warning level so the correct mitigation could be in place to reduce the dust level prior to it exceeding CCME.

Hope it helps.
Bruce

Please note my email has been changed to Bruce.Hanna@dfo-mpo.gc.ca

Bruce Hanna
Habitat Biologist | Biologiste, Habitat
(867) 669-4931 | facsimile/ télécopieur (867) 669-4940

Bruce.Hanna@dfo-mpo.gc.ca
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