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CHAPTER 4: SCAAPPROPRIATE ADAPTATION STRATEGIREANINEN THE
NORTHEAST AND MIDWEST UNITED STATES

Summary Points

1 Climate ChangAdaptationis a growing field within conservation and natural resource
management Actions taken toward climate change adaptation accdantlimate
impacts and ecological responses, both current and projected into the future. These
actions attempt to acemplish a number of goals, including the conservation of wildlife
and ecosystems by reducing vulnerability and increasing resilience.

1 Climate change adaptation strategies and approaches for natural resources can be
thought of as part of a continuum of patéal actions ranging from 1) optis or goals
to 2) strategies3) approachesand 4) tactics.

1 There are a range of decision support tools and processes to aid climate change
adaptation. This document highlights several includingAdaptation Workbook,
Climate Change Vulnerability Assessments, Structured Decision Making, Adaptive
Resoure Managementand Scenario Planningdt will also provide case studies the
applicationof these toolsacross the Northeast and Midwest

1 Improved better-integrated and increasingly coordinatedonitoring systemsvould be
helpful todetect, track, and attributespecies and habitat shifte climate changever
spatiotemporal scalesNe highlight regional examples of projects and programs
addressing these challenges.

1 llustrative case studies of climate change adaptation efforts are presented across
landscape/ecoregion, state, and local scales.

1 Appendix4.1 provides a synthesis of over 900 general, species and haipatific
adaptation strategies and tactics from Qrenal studies being considered or
implemented across the region.

The study of imate change adaptation is a relatively new and rapidly growing field focused
on preparing for and responding to the current and future impacts of climate chdimggoal
of thischapteris to highlighdifferent approachesprocessesand toolscurrentlybeingused
across theegionthrough illustrative case studied varyingscalesIn addition we provide a
synthesiof numerous species and habitapecific adaptationtsategies and actions from
existingassessment reports anmdanagement plans, which is intendeddbowcasea range of
possiblities for natural resource management under future global changas report does not

prescribe one specific approach to takimgtion; instead, we outlina range of adaptation



tactics which will require thoughtful consideration of the needs of the species, habitat, and
location, the stakeholderand partneranvolved,the scale that a decision or policy is being

implemented atand thefinancial and personneksources available to managers.

l. INTRODUCTION

A) ADAPTATION CONCEPTS
i. Overview of Climate Change Adaptation

Climate change adaptation is a growing field within conservation and natural resource
management focused on pparing for and responding to current and future impacts of climate
change and reducing related vulnerabilities (IPCC 20atry et al. 200/Heller& Zaveleta
2009 Glick et al. 2011)Ecological systems are subject to natural variability over short and long
time scales, but climate change is increasipgighing species and systems to surpass historical
ranges of fluctuations. Therefore, managars being encouraged tembrace a nevparadigm
of managing for change rather than persistence (Milly et al. 2008). This requires goals and
actions that consider not only how a system or population has already chalngealsowhat
conditions it is expected to experience as climate changeimoes (Stein et al. 2013n
addition, onservation and managemeititiatives that actoroadlyacrosshe landscapeo
increaseconnectivity amongefugia andorotected habitats, and sustain ecological functioning
and processesre increasingly necessafStein et al. 2013)

|l nformation on what factors contribute to
change isncreasingandmanagers are searching for ways to realistically use this information
planning and implementatioto meet specift needs orthe-ground(Millar et al. 2012
Janowiak et al. 2014owever, challenges still remain putting highquality scientific
information within reach of most natural resource professioraald making the information
understandable and actionab(¥ose et al. 201;,2Seppéla et al. 2009).

Climate change adaptation is largely about balancoegjsandtrade-offs, and there are
many lessons to be drawn from ecosystbased management approaches, which have been
challenged with similacomplex issue@_arkin 1996)Climate change also introduces high

uncertainty to the decision making process asameunable toexactlypredict future climate



conditions,how species and systems will respond to climate chamgbother stressors that act
synergisticallyr cumulatively as well as human response and behavitrerefore managers
are consideringctions and makingnformed decisions that consider a range of possible futures
and associated risksortunately, planning approaches have been developed to imelpagers
account for that uncertainty (e.g., scenario planning), as presented in this ch&ptally,
managersmay consider their available resources and weigh decisions and actions that have the
greatest chance of succesgsder future climate conditions

Climate change adaptation requires thinking owreiltiple temporaland spatiakales
to sustainfish and wildlifepopulations andhe habitats they depend arOver the shorterm
and small scale, regardless of whether further assessment and informatieeded, there are
things that can be done now to minimize the effects of climate change on both ecosystems and
humans. Over the lonrterm and large scaleéesponsato climate changeantake advantage of
existing and emerging knowledge to identify areas that are more resilient, more likely to adapt,
or converselythat are at highest risli&ficient and effective adaptation plans and actidhat
canengage and form collaboratiomsd patnershipsamong governmenagencies, NGOs,
planners, researchers and municipalittesachievecommongoalswill be helpful(New
Hampshire Fish & Game Department 2013)

Many broad recommendations for adapting ecosystems to climate change have already
been suggested and synthesized (e.g., Heinz Center, 2i#er &Zaveleta 2009Millar et al.
2007, Ogden& Innes 2008). The purpose of tlusapteris to highlight goals, approaches,
processesand actions being considered and implemented across thehgadt and Midwest
for fish and wildlife species and their habitaéitsough illustrative case studies at landscape,
ecoregion state, and local scale¥.arious ase studiesighlight how different researchers and
organizations are confronting complex issues related to climate ch&egause of the
relatively emergent nature of the adaptation field and regional programs that support
adaptation, many of the initiatives we hiligiht areongoing. Our intention is to increase
awareness of these initiatives afatilitate connectionsbetween researchers and managers
across the regiowho may have specific interests in the process or outcomes of these projects.

These examples mayquide guidance for the development of adaptation plans that



incorporate existing knowledge of the effects and ecological responses to climate change, as

well as associated uncertainty.

ii. Principles of Adaptation

A great deal of work has occurred to prde conceptual frameworks (e.g., Millar et al.

2007 Peterson et al. 2011), compile adaptation strategies (e.g., Heinz B@lier& Zavaleta

2009 Ogden& Innes 2008), and provide tools to suppaogtural resourcananagement

decision making (e.g., Crastsal. 2012 Morelli et al. 2012Swanston& Janowiak 2012). The

following principles can serve as a starting pointifi@orporating a climate change adaptation

perspectiveinto an existing management framewofdoyce et al. 2008/illar et al. 2007

Swanston& Janowiak 201, 2Nisconsin Initiative on Climate Change Imp&is1):

T

Prioritization and triageg It will be increasingly important to prioritize actions for
adaptation based both on the vulnerability méturalresources and othe anticipated
effectiveness of actionthat attempt to reduce vulnerability.

Flexible and adaptive managementAdaptive management provides a decision
making framework that maintains flexibility and incorporates new knowledge and
experience over time.

Gb2 NI I NidhdcetionRiBaDresult in a wide variety of benefits under multiple
scenarios and have little or no risk may be initial places to consigenagtization and
look for nearterm implementation.

Precautionary actiong Where vulnerability is high, pcautionary actions to reduce risk
in the near term may be extremely importargven when longerm uncertainty is high.
Variability and uncertaintyg The effects of lanate changeyo far beyondncreasing
temperatures; increasing climate variability vidad to equal or greater impacts that
will need to be addresseas well

Integrating mitigation¢ Many adaptatiorapproachesomplementactions to mitigate
climate change; for exampladaping foreststo future conditions can help maintain

and increase their ability to sequester carbon.



B) ADAPTATION ACTIONS: BRGABLI O SPECIFIC TACTICS
Climate changadaptation strategies and approaches fatural resourcesan be thought

of aspart of a continwm of potential actions Figurel). At the highest level are the broad and
largely conceptuabptionsof resistance (forestall change in ecosystems), resilience (enhance
resilience of ecosystems to change), arahsition (transition ecosystems into aligrent with
anticipated future conditions) (Millar et al. 2007). Adaptatsirategiesandapproaches

provide intermediate stepping stones” that
targeted and prescriptive tactics for implementing adaptatiaan@viak et al. 201,05wanston
& Janowiak 2012).

1 Optionsor Goals- The options of resistance,

resilience, andransitionserve as the broadest and most

Concept

widely applicable level of a continuum of management

Options responses to climate change (Janowélkal. 2011).

(Resistance, Resilience, on)

] 1 Stategies—Adaptation strategies begin to illustrate
Strategies

the ways that adaptation options could be employed, and are

Approaches abundant in recent literature and reports. Strategies,

Tactics however, are still very broad, and can be applied in many

ways across number of landscapes and species.

. 1 Approaches-Provide greater detail in how managers
Action

maybe able to respondo chandgng environmental

Figurel: Actions for adaptatior
actions become increasingly

specific along a continuum of
options, strategies, approache evident.
and tactics.

conditions differences in application among species and

habitat types and management goals start to become

1 Tacticsg Ultimately, tactics are the most specific
adaptation response on the continuum, providing prescriptive direction in how actions
can be applied on the ground.

A national perspective odimate changedaptation for natural resources is provided in the

National Fish, Wildlife and Plants Climate Adaptation StratBigfy(PCAS3012). Information is

organized under seven broad goals for adaptatiwhich asa wholeaddresgesistance,

e



resilience, andransitionwith options atfiner scalesyet NFWPCB&goals(presented beloware

still broader than strategie@s outlined above)

1.

Conserve habitato support healthy fish, wildlife, and plant populations aawbsystem
functionsin a changing climate.

Manage species and habitats protectecosystem functiongndprovide sustainable
cultural, subsistence, recreational, and commercial use in a changing climate
Enhancecapacityfor effective management in a changing climate

Support adaptive management in a changing climate thrantggrated observation
and monitoring and use oflecision support tools

Increase knowledgand information orimpactsandresponsef fish, wildlife, and
plants to a changing climate.

Increase awarenesand motivate action to safeguard fish, wildlife, and plants in a

changing clirate.

. Reduce norclimate stressorgo help fish, wildlife, plants, and ecosystems adapt to a

changing climate.

In addition, &n strategies and 39 more specific approaches were synthesized from dozens

of scientific papers that discussed adaptation actiona a#riety of scales and locations and are

presentedin Butler et al.(2012) éxtracted strategies are listed Appendix4.1). Although the

list was originally developed with a focus on forest ecosystems in northern Wisconsin, the

strategies and approaches have proven to be broadly applicable to a variety of terrestrial

ecosystem types across the Midwest and Northeast. By statirigtention to promote options

of resistance, resilience, transitionand explicitly linking the strategies and approaches to on

the-ground tactics, managers are better able to specify how they will meet management goals

through adaptation.



[I. IMPLENENTING ADAPTATION ACTIONS
A) PROCESSESS FOR ADAPTATION PLANNING AND IMPLEMENTATION

Several processes are available to support planning and dedig&ing in resource
conservation. They offer frameworks and structured steps aimed at enhancing transparency
and participationn planning and decision makiranddirectly addresssources of uncertainty
from climate changde.g., possible future conditions, model projections), human response
behaviorsand other sources (e.g., land use chan@)me approachesuch as structured
decisionmaking, adaptive resource mage@ment, scenario planning, amgkassessmentould
be applied broadly, with a climate change component incorporated into the framev@ther
approachesave been developed in responseth® novel challenges that climate change
brings to natural resource management througprecificadaptationstrategiesthat bring
together familiar elements of existing processes widw climaterelevantconcepts (e.g.,
multi-looped learning, resistancegsilience, andransition) and tools (e.g., vulnerability
assessmers). These are not necessarily mutually exclusive options; many if not all can work in
a complementary fashio(Figure2). For examplea vulnerability assessment isianitial step in
the adaptationplanningprocesshat identifieswhere the greatest risks and uncertainties are
while scenarigplanningand other decision suppogpproacles carbe usedas part of and to
inform, the vulnerability assessment.

Below we describe severatlaptaion anddecision supporprocessesRegional Case

Studieg(Section II) provide illustrative examples of the application of many of these methods.

10
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Figure2: Structured Decision Making in the context of other decisopport approaches.
Extracted from USGS and U.S. Fish and Wildlife Service National Conservation Training Center
course module materiaJandmodified fromWilliams & Brown (2012)

i. Adaptation Workbook

TheAdaptation WorkbooKrom Forest Adaptation Resources: Climate Change Tools and

Approaches for Land Managd@wansor& Janowiak 201poutlinesa conceptual fivestep

process to assist natural resource managers in integrating climate changwaintal resource
management plans and actions. It provides a structyrextessor managers to work through

and draws upon regiospecific information sch asdimate ChangeVulnerability Assessments
(CCVASsIIt is designed to incorporate climate change considerations into resource management
at a variety of spatial scalegdarcelsto largereserve$ and many levels of decisionaking (e.g.,
planning, imgpementation). It is not intended to provide specific solutions, but rather draws
upon the expertise of natural resource professionals and complements already existing
processes for developing plans and projects. It providessyestep instructions for maagers

to translate the adaptation strategies and approaches, described above, iAtoeeground
management tactics that are expected to help ecosystems adapt to climate change. Finally, it

helps managers to consider how a suite of forest managementrectan be implemented

11
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over long time periods (often through the year 2100) to maintain desired ecosystem functions
and benefits across a range of plausible future climates.

The Adaptation Workbook is a structured process to consider the potential effects o
climate change on ecosystems and design management and conservation actions that can help
prepare for changing conditions. The process is completely flexible to accommodate a wide
variety of geographic locations, scalkabpitattypes, management goaland ownership types.
The Workbook consists of 5 basic stépigure 3.
Define goals and objectives
Assess climate impacts and vulnerabilities
Evaluate objectives considering climate impacts

Identify adaptation approaches and tactics for implementation

a & w0 Dh ke

Monitor effectiveness of implemented actioh®th in the short and longerm

1. DEFINE area of

interest, management
objectives, and time Vulnerability
frames. assessments,
scientific literature,

and other resources

5. MONITOR and 2. ASSESS climate
evaluz.xte effectiveness change impacts and
of |mp|¢.amented vulnerabilities for the
actions. area of interest.
. 3. EVALUATE
Adaptation 4. IDENTIFY and management

implement adaptation
approaches and
tactics .

Strategies and
Approaches

objectives given
projected impacts and

I vulnerabilities.

Figure3: Five steps of the structured process outlined in The Adaptation Workbakfied
from Swanson & Janowiak 2012

ii. Climate Chang&/ulnerability Assessments

Chapter2 of this report provides an overview Gfimate ChangeVulnerability
Assessment§CCVAsputlines a range aCVArameworksbeing implemented regionally and

nationally(e.g., NatureServE€limate Change Vulnerability IndgCVIand the Climate Change

12



response Framework (CCRRNnd synthesizemformation onapproximately 1,00@ish and

wildlife speciesand 82 habitats evaluated across 21 studiaghe Northeast and Midwest
Briefly,climate change vulnerability assessmede&termine which species are relatively more

or less vulnerable to the direct and indirect impacts of climate changetaaid@ntify the

specific elements of exposure, sensitivity, and adaptive capacitycttibute to their overall
vulnerability The process of conducting a vulnerability assessment can be nested within other
frameworks (e.g., Structured Decision Makjray)d can alstnclude other adaptatioprocesses
and approachege.g, scenario planning) (Ghkeet al.2011). There are a variety of qualitative

and quantitative approaches to assess vulnerabitigeChapter2, Table 2 Chapter Jesults

related tothe Designing Sustainable Landscapes prdeetuca& McGargal 2014). As part of

the vulnerabilityassessment process, information about what is known and uncertain about a
species or system is amassed as well as the confidence levels in the existingtiofor@lear
reporting of uncertainties is one outcome ofZ£VAhat can inform and help prioritize
adaptation strategies such as targeted monitoring of specific biological and ecological
attributes, or coordinated monitoring of paired biological and eswmental monitoring
systemdo better detect and attribute responses to climate drivers and ecosystem shiftase

refer to Chapter2 for additional information on region& CVAs

iii. Structured Decision Making

Structured DecisioiMaking(SDM)is the application of decision theory, risk analysis,
and stakeholder engagement in the analysis of natural resource management decisions. In this
process, special attention is devoted to decisions madedbyralresource managers artd
the potential alernativesand outcomegsquality of information availablgnd uncertainty they
encounter trying to achieve their objectiveihe approach recognizes the iterative component
of natural resource decisiemaking and the ability to update decisior@s more ifiormation
becomes available about how a species or system is responding to management. ddtens
SDM process breaks the decistbat needsto be made into components that separate science

and policy issues. The SDM process is deliberate, transparemnépinchble Managers are

13
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more likely toachievetheir objectivesthrough SDMbecause stakeholders are involved
throughout the process andll viewpointsare represented in the decisiq@®regoryet al. 2012)
The SDM approach has recently become very populiin natural resource and
conservation communities of practicand is currently being utilized in numerous initiatives
across the Midwest and Northeast. Case studies outlined in the next section céptbigs
(Section Ill. A.show SDM being used at the landscapale by the Landscape Conservation
CooperativegLCCsas part of their Landscape Consdioa Design project developmerand

also providesan exampleof SDM usat the watershed scaleSectio lll.i.: Headwater Stream

Ecosystem Conservatipn

Trainingson how toapply theSDMapproachusing thePrOACTecision mode(Figure

4) are offered by theJ.S. Fish and Wildlife Service National Conservation Training Center

MANDATES:

and preferences
CONSIDER:

Uncertainty and

linked decisions

o, Modeling
Toolkit

DECIDE &
TAKE ACTION

SDM
Analysis
Toolkit

TRADE-OFFS &
OPTIMIZATION

Vs

VALUES:
Preference scales, N
objective weights, v

and risk attitudes
Data ’

Figure4: Diagram of the five core elements of the PrOAIEGision modelFigure modified
from Hammond et al. 2002
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iv. AdaptiveResourceManagement

Adaptive Resource Management (ARM) is another decision tool and a special case of
SDM. ARM was developed for recurrent decisions regarding dynamic resourcasetisabject
to high but potentially reducible uncertainty (Williar&sBrown 2012). Through this process,
management actions provide feedback to decision makers of how the system or resource is
responding to actions, helps verify or disprove competing bypges, and informs more
refined, improved decisions over time (Walters 1986). The ARM approach reduces uncertainty
through a collaborative approach that involves managers and scierftsg\RMprocess
includes five elements (adapted from Williaga8rown 2012):
1. Stakeholder involvementincludes the different perspectives, preferences and values
relatedto the decision and resource being considered. Even when conflicts are present
among stakeholders, this process generally increases acceptana®piiance with
the decision outcome.
2. Objectives- development of clear goals that serve as benchmarks to compare and
contrast alternative management actions and the effectiveness of their implementation.
3. Management alternatives alternatives are developed from which an action is
selected at each decision pointhich hagdirect or indirect effects on the target
resource.
4. Predictive models describe or quantify resource dynamics, ecological and
environmental relationships,ral the costs and benefits of the alternative actions being
considered.
5. Monitoring protocols- provide feedback and learning about how the resource is
responding to the alternative actions being implemented. To be effective, the attributes
of the resouce being monitoreghouldbe as closely linked as practically possible to the

management action.

A casestudy of this approach was recently highlighted by Nichols et al. (2@t#¢h
describal the process oflecisionmakingregarding harvest regulatiorier mallards(Anas

platyrhyncho¥ one ofmost economically important waterfowl species in North Ameritae

15



U.S. Fish and Wildlife Servieged tre ARMapproachto maximize mallard harvests over the
longterm and set goals that devalued harvest when gopulation size was below a specified
threshold set by the North American Waterfowl Management Plan. The ARM approach is
currently beingconsidered and applied to other migratory waterfowl through thg Flyways

collaborations.

v. Scenario Planning
Scenario planning and other scenabased approaches contribute to climate change
adaptation as a tool for explicitly incorporating uncertainties into planning and deeaisaking
that are difficult to address witpredictive methods alonéNatural resource management takes
place in the contextof o mpl ex systems influenced by forces
beyond direct control by managers (Peterson et al. 2003; Zurek & Henrichs 2007; Walker et al.
2012). Thes can lead to significant uncertainties about future conditions, which have
implications for the management decisions being made today (e.g., Beach & Clark 2015).
Qimate changewhich hadirect and indirect influences on natural systems and
interacts with other conservation threats and stresspis creating increasingly unpredictable
futures. Additionally it requires consideration dbnger time horizons thathosetypically
considered in natural resource manageme®tenario planning can provide igisis into future
trajectories, and prepare managers to respond appropriately to challeingesth the short
and longterm (e.g., Duinke& Greig 2007Weeks et al. 201;,JPrice and Isaac 201Bpx1).
Scenario planning also has the ability to identifggers (e.g., in environmental conditions) that
can guide monitoring and management decisians actions (e.g., targets that can help
managergecognize when certain thresholds are imminentarve been pst, thus prompting

actions).

16
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Box I Regioml examples othe scenario planningpproachapplied to address
climate, ecological, and other changes for natural resourgppendix4.3 contains
expanded descriptions of project goals, narratives, and partners.

1) Isle Royale National Parfk.akeSuperior, Michiganthe National Park
Service (NP® developing qualitative scenario narratives to explore how
climate change will impact future park conditiofigsichelli et al. 2013)

2) Northern New EnglangMassachusetts, Maine, New Hampshire and
Vermont): the New England Landscape Futures netweikeveloping
gualitative narratives and quantitative simulations to evaluate impacts on
stakeholder identified ecosystem servid&3 Research Coordination
Network, Duvenelet al. 2015)

3) Lake Ontario EcosystefiNew York and Ontario, Canada in the Lake Ontal
watershed: New York Sea Grant is using qualitative scenarios to explore
uncertain trajectories of ecosystem processes and expand the perspectiv
of lake stakeholder guups(Ongoing, NY Sea Gradbm4@cornell.edy

4) North Woods and moosé€Northern New EnglandNew YorkAdirondacks):
The Wildlife Conservation Society, USGS, and others are testing a scene
planning approach witlstate and other managers to develop future
scenarios of moose ite transition zone of the Northe Hardwood and
Boreal forest§OngoingWCSgrowland@wcs.org

Scenario planning is a flexible yet structured procé&sere is no single established

methodology for conducting scenario planning, dahd processas beerdepicted in different

waysin its more recent applicatioto climate change adaption (e.dvlahmoud et al2009

Wiseman et al2011; NPS 2013). Regardless of the specific techniques used, the process is

generally characterized by three bb@hases: 1) ieparationandscoping,2) developingand

refiningscenarios, an®) usingscenarios each wth key steps that are common between

approaches and similao other decision support method$igure5; Rowland et al. 2014).

Scenario planning efforts cassist withunderstanding, planning for, and implementing

actions andcanbe tailored toavailable time, capacity, and financial resources.
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Phase I. Process Preparation & Scoping

Steps Outputs
¥ Improved understanding of
1. Identify the issue and establish a project team problem or issues
2. Articulate the purpose of scenario planning v'C ptual model of sy
and anticipated outcomes v Synthesis of information
3. Select or formulate a suitable approach ¥ Work plan or scoping
4. Complete the design and staging of the document
process ¥ Budget

1 Phase II. Scenario Building & Refining r
Multiple
Scenarios

l Phase III. Using Scenarios r

Figureb: Three phases in the scenario planning process, including the steps and outputs for
each phase (modified from Wiseman et al. 2011 and others).

While similar in many regets to other decision support methods, scenario planning is
distinguished by the explicit development of scenarios built around critical uncertainties, for
which themagnitude or direction of change have the potential to create diverse future
conditions wth different management challenges. The structured pro@ksvs practitioners
to bringvaryingkinds of information to bear on a complex problem in a transparent way
(Thompson et al. 201AIPS 2013Both quantitative and qualitative inputs are used to
characterize ecosysteghangesand potentiallyeconomic and soci@hangesfor a chosen
time period (e.g., 2050, 2100). Scenarios describe more than just endpoints by including
logically consistent, temporal pathways or sequeswievents needed to awe at those future
conditions. The scenarios are oftanitially represented by realistic narratives or stories that

capturethe* wh o, what , wh e ofehe prablensandporteynbdth tehpgsitive
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and negative consequences of the future condigsoWhile the scenarios are structured around
uncertain drivers of change, they should alscorporate more certain elementbat different
futures may have in commadiNPS 2013)

Whether qualitative, quantitative, or some combination, the resulting scesaare
possible future states of the world that represent alternative plausible conditions under
different assumptionsScenario planning does not end with scenario development. The intent is
to use the scenarios to explopotential effects or consequees and how to respond
(Peterson et al. 200ahmoud et al. 2009Wiseman et al. 2011Applying the scenarios
becomes a “what i f” exercise through which
conditions are considereNPS 2013%cenario planning eablesthe identification of robust
management strategies, if they exist, as well as those specific to the unfolding of particular
conditions.It can also support the development of neivategiesor the revision of existing
conservation goals and objectives in casb®re current actions cannot achietbe goals
regardless of future conditions (e.g., Caves et al. 2B#ach& Clark 2015)Completing the
process helps recognifeture decision points, agell as the development of indicatotisat
might determine when decisionsanbe made (Weeks et al. 201Wiseman et al. 2011).
Coupling scenario planning with targeted monitoring can provide informatidmosna
particulartrajectory is playing out, allonvng managers to respond quickly with proactively
identified actions

Scenario planning is one method to support planning and deemigking under
uncertainty and cawomplementother decision frameworks, methodand tools, including
adaptive managemengtructured decisionmaking and iterative risk management (e.g., Caves
et al. 2013 Miller & Morrisette 2014;Figure6). Scenario planning can engage stakeholders
explore possible future trajectories for a systeassess the vulnerability of conservation
resources, consider the consequences of management alternatives, and develop indicators of
important future decision points. In some cases, the outputs from an initial exploratory exercise
can provide inputs forubsequent existing planning and decisimcused efforts, helping to

frame issues and suggest management alternatives (Biggs et al.RO@tand et al. 2014).
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Define the

Management —
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Modified from Allen et al. 2011 & Caves et al. 2013

Figure6: The parts of a decisieamaking process or adaptive managem& which scenario
planning might contribute. Modified from Allen et al. (2011) and Caves et al. (2013).

vii. Web tools

There are numerous interactive wdlased climate change adaptation tools being
developed and released on a daily basigpendix4.2 lists a selection of adaptation decision
supporttoolsfocused on a variety of natural resources wsthort descriptions andvebsite
links Many of these tools can be used to generate information to be included in the decision
support approaches outlineah ithis section. There are many more tools available that are not
listed inAppendix4.2, but this list serves as a starting point to demonstrate the range of

resources available for aiding in decision making and taking action.

B) MONITORING
Climate changevill require rovelmanagement decisions with unknown outcom#sis

monitoringis essential taracking successes and failures, helping refine future actions and
approaches, andlentifyingeffective adaptation strategies and management practigé/est et

al., 2009; Lawler et al. 201Mlonitoring also reducguncertainty by providing baselirgataas
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well asinsighton how species and habitats amresponding to climate change and other
stressorsIn many casesnonitoring programs were not designed withneate change impacts
in mind and may need to be adjusteddocommodatenew challengesnd information needs
(Heinz Center 2008). This includes identification of key indicators and metrics that track
ecological responsincluding certain demographic @aneters and the seasonal timing of life
history events (phenology) across components of biodiversity (species, ecosystems, and
biomes).Monitoring can alsgrovide advance warning the direct and indirect impacts of
climate changend other stressoréHenz Center 2008Staudinger et al. 2012)

A recent report that served as input to the National Climate Assessment (Staudinger et
al. 2012) made a series afaommendation®n monitoring in the context of climate change
and aresummarizel here:

1 Improved better-integrated and increasingly coordinatadonitoringsystems are
neededto detect,track, and attributespecies and habitat shifte climate change
overvaryingspatiotemporal scales.

1 Existing longerm monitoringsites provide a historical cott of the underlying
trajectories offish and wildlifepopulations anddependent habitatsand are useful
in detecting drivers of chang#)e places wherecologicakystems are adapting (or
not), as well asiovel shifts in range, phenology asdeciesnteractions.

1T Locally based observati on nescaemetvkoktocan be
deliver information to a wider range of managers and policy maikeosderto
better detect changes due to climate and interactions with other anthropogenic
stressors.

1 Insertingmonitoring protocolswith consistent metricento projects will be criticaio
make inferences across studies atmtumentlarge scaldérends in impactedish
and wildlifespecies

1 Ecological monitoring of transition zones betwesmzosystems may provide early

warning of potential biome shifts.
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1 Increased ronitoringis neededo detect and subsequently eradicate invasive
species befa they become establishéd new location®r expand heir range into

new territories.

Here we proude examples of a regional project and national program that are
addressing these recommendatiofts monitoring In addition,Appendix4.1 provides
numerousexamples (searchable by Source Docuni2escriptoj of how monitoring can
address climate change dmther anthropogenic stressors througpecificadaptation

strategies and tactics.

i. NorEaSTF A coordinated regional monitoring initiative

One example of how individual disparate monitoring locations can be linked together to
inform landscape and regmal scale adaptation is showcased by M@&EaST projecClimate
change is expected to alter stream temperature and flow regimes over the coming decades,
and in turn influence distributions of aquatic species in those freshwater ecosystems. To better
anticipate these changes, there has been a need to compile both-sdrmttlongterm stream
temperature data for managers to gain an understanding of baseline conditions, historic trends,
and future projections. Pooled data from many sources, even if tempaaall spatially
inconsistent, can have great value both in the realm of stream temperature and aquatic
response. Unfortunately, many agencies lack sufficient resources to compile, conduct quality
assurance and control, and make accessible stream temperaiata collected through routine
monitoring.

TheNorEaST web portalas developed to serve as a coordinated, madfency regional

framework to map and store continuous stream temperature locations and data for New
England, Mid Atlantic, and Great Lakes States. Stream temperature monitoring locations and
metadatacontributed by 47 different organizationsan be viewed for over 10,000 monitoring
locations across 22 states. Stream temperature sites can be viewed on the NorEaST mapper.
Ultimately the goal of this project and portal is to make these data available to maraggrs

the public to aid in adaptation and management planning and actions.
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The NorEaST web portal was built to map stream temperature locations, store stream
temperature data, and deliver stream temperature data through webservices to stakeholders,
includingeasy access through R softwaleliminaryapplications of this project have allowed
evaluations of seasonal associationdisii species with stream thermal conditions (e.g. range
of summerandfall temperature rangs), the identification ofthermally sensitive fish species
and potential differences of fishemperatureassociationscross regionthat were previously

unknown Updates on this project can be found on tRE CSC website

ii. National Phenology Network

TheNational Penology NetwortNPN)provides nationastandardizedprotocolsfor

collecting phenology observatiorsgviceand education material®r the collection and

organization ohew phenology dataand supports the development of tools and approaches

for natural resource decisiemaking. NPN developdd | { dzNB Q & asta Ritizeh cefce

tool to gather phenadgy observations on plants and animals nation&liyizen Science is a

growing way to monitor and track changes in species responses to climate ¢laguige

supplement existing scientific monitoring networéewman et al. 2012)Public engagement

increases awareness of conservation and climate adaptation issuesaarftklp extend limited

resources for activities like monitoring. There are numerous institutions across the Northeast

and Midwest wusing NP N’'dcontNmutingito @larger nbtwarkefb o ok t oo

monitoring programs to inform our understanding of phenological responses to climate change.

lll. REGIONAL CASE STUDIES
In thisfinal section we provideillustrative case studies of adaptation strategies,

approachesand tactics being implementeat the ecoregion state, and local scalelslany of
these projects are being conducted by the Northeast Climate Science Center (NE CSC) and
diverse partnersAt the local scale we include exampleoafjoing or recently complet

projects focused oaquatic systems, forests, terrestrial wetlands, coastal, and tribal lands.
addition, Appendix4.1 synthesizes over( adaptation strategies by scale (national,

ecoregional state, and local), target resource (major taxonomic group or habitat type), and
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climate stressortémperature, precipitation, sekevel rise) from nine regional adaptation
studies. Each of the adaptation strategies listedppendix4.1is also organizby the seven
overarching goals listed in th¢ational Fish, Wildlife and Plants Climate Adaptation Strategy
(NFWPCAP 20120ur intentionin presenting these materialsto provide searchable examples
ranging from largecale, broad goals to locatale species or habitaspecific actions and

implementation.

A) LANDSCAPE AND ECOREGION
i. Landscape Conservation Cooperatives and Landscape Conservation Design

The Landscape Conservation Cooperatilt€shttp://lccnetwork.org/) were
established by th®epartment of the Interior as part of Secretarial Order No. 3289 to better
integrate science and management of natural and cultural resources across large spatial and
temporal scales as well as to address complex stressors such as climate change. T2izre are
LCCs acreghe nation, and 7 within the Northeast and Midwéas defined by the footprint of
the NE CSC) including: North Atlantic (NA), Appalachian (APP), Upper Midwest and Great Lakes
(UMGL), Eastern Tallgrass Prairie & Big Rivers (ETPBR), &alffams and Ozarks (GCPO),
Plains and Prairie Potholes (PPP), and South Atlantic (SAFidD&s/).
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il NORTHWEST
NORTH
CENTRAL
SOUTHWEST
SOUTHEAST
SOUTH
CENTRAL
PACIFIC ISLANDS
EXPLANATION
Landscape Conservation Cooperatives in the Northeast CSC area

I 1 Appalachian N 10 North Atlantic I 16 Upper Midwest

4 Eastern Tallgrass Prairie and Great Lakes

and Big Rivers 13 Plains and I 9 Gulf Coastal Plains

I8 14 South Atlantic Prairie Potholes and Ozarks

m=== Approximate boundary of Climate Science Center (CSC)

Figure7: Map of the 7 Landscape Conservation Cooperatives contained within Northeast
Climate Science Center geographRigure modified from NE CSC 2012.

An emerging core initiative of the LCCs is to implemdrdralscape Conservation
Design (LCD) approach to inform refuge and conservation area planning. This collaborative and
partnershipdriven strategy to address largeale stressors encompasses both the process and
products for designing sustainable landscapes and ecosystem services. LCDs guide landscape

scale restoration, protection, and adaptation of target resour@sx 2.
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Box 2 Regional examples of ongoing Landscape Conservation Design initiatives beil
by the Landscape Conservation Cooperatives. Expanded descriptions of each proje«
its partnersare found inAppendix4 .4.

1. North Atlantic The Connecticut River Watershed LCD Biktcollaborative effort
to plan a landscape with intact, resilient, connected natural areas providing
habitat for fish, wildlife and plants and many other natural benefits that suppoil
people andcommunitieswithin the Connecticut River Watershed

2. Eastern Tallgrass Prairie & Big Rivers (ETPB&Nlississippi River Basin / Gulf
Hypoxia Initiativas an initiative undertaking a systematic and sparent process
to create an integrated framework that supports planning, design, configuratic
and delivery of wildlife conservation practices within the Mississippi River
watershed.

3. Gulf Coastal Plains and Ozarks (GCH@) Ozark Highlands Comprehensive
Conservation Strategg a cooperative effort to take an ecoregiomglproach to
designing landscapes capable of sustaining healthy plant and animal commui
in the Ozark Highlands.

4. Upper Midwest and Great Lakes (UMdIhe primary goal of th&reat Lakes
Coastal Wetland LGP to guide landscape scale restoration/protection of
historical, existing, or potential wetlands that age could be hydrologically
influenced by levels of Great Lakes and their connecting channels.

5. Appalachian (App)Thegoal of theAppalachian Conservation Modeling project i:
to use data and models wevelop a regional conservation pland LCD that
supports natural and cultural resources in thppalachian region.

6. Plains and Prairie Potholes (PPR)e PPP LCC is currently developing a stratec
plan that will help determine how and when to undertake LCD from a partners
perspectiveusingdecision analysis techniques, land use change, and human
dimensiors as priorities.

ii. USDA Northern Forests Sub Hub
TheNorthern Forests Sub Huiers to and expands the work of the Midwest and

NortheastUSDA Regional Climate Hulbee primary goals of the NortheRorests Sub Hub are

to ascertain and meet the nesdf the forest sector through) ongoing engagement and
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networking with a wide array of landowners, organizations, universities, dacests related

to the sector,2) creation and distribution of sectaelevant climate information and resources

for natural resource prigssionals and landowners, aB)l establishment of adaptation planning
and implementation, with associated promotion of paerpeer learning where appropriate.

The Sub Hub is coordinateg the Northern Institute of Applied Climate Scien®dACE a

regional multiinstitutional partnership that has focused on delivery of climate change and
carbon science to the forest sector for more than 5 years. Deliverables and products identified
in the Sub Hub wdxr plan include: 1) vulnerability assessnmg2) adaptation resoures, tools,

and demonstrations; 3science delivery, trainingnd technical assistance; adyloutreach and

communicationdemonstrations, materials, and tools

iii. NorthernInstitute of Applied Climate Science

The Northern Institute of Applied Climate Science (NIACS) has been designed as a
collaborative effort amongst the Forest Service (Northern Research Station, Eastern Region,
Northeastern Aredtate & Private ForestyyMichigan Technological University, National
Council for Air and Stream Improvement, and the Trust for Public Land. NIACS provides
information on managing forests for climate change adaptation, enhanced carbon
sequestration, and sustainable production of ém@rgy and materials. As a regional, multi
institutional entity, NIACS builds partnerships, facilitates research, and synthesizes information
to bridge the gap between carbon and climate science research and the management needs of
land owners and naturaksource professionals, policymakers, and members of the public.
Through its work to integrate climate change considerations into natural resource
management, NIACS is central to the coordinat
Resource CentdlCCRYas well as the Climate Change Response Frame\@@RF)

Climate Change Resource Cenf€CRG) The US Forest Service CCRC is abaséd,

national resource that connects land managers and decision makers with useable science to
address climate change in planning and application. The CCRC addresses the land manager's
guestion "What can | do abouatimate change?" by providing information about climate change

impacts on forests and other ecosystems, and approaches to adaptation and mitigation in
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forests and grasslands. The website compiles and creates educational resources, climate

change and carbotools, video presentations, literature, and briefings on management

relevant topics, ranging from basic climate change information to details on specific

management responses. The CCRC is a joint effort of the US Forest Service Office of the Climate
Chang Advisor and US Forest Service Research and Development.

Climate Change Response Framework (CGRRe CCRF is a highly collaborative

approach to helping lad managers integrate climate change considerations into forest
management. Since 2009, the Framework has bridged the gap between scientific research on
climate change impacts and dhe-ground natural resource manageme@urrently, there are

six Framewdt projects encompassing 19 states, including 14 National Forests and millions of
acres of forestland and 75+ partneesd.,federal, state, tribal, private). Each regional project
interweaves four components: science and management partnershifiserability

assessmentéseeChapter 2, adaptation resources, and demonstration projects.

iv. Southeast Conservation Adaptation Strategy

TheSoutheast Consertian Adaptation StrategySECASs a regional conservation and

management partnership driven effort seeking to develop coordinated planning and adaptation
across the southeast region of thénited StatesConservation priorities and actions deing
targeted at the landscapscale andnformed by a range of approaches including future climate
change and sekevel projections, and interactions with other anthropogenic stressors,
particularly urban growth. Leveraged and collective resources are being coordinated across
state fish and wilife agencies, regional LCCs and CSCs, joint ventures, and a range of other
organizations invested in conservation and adaptation of natural resources.

Examples of conservation and adaptation strategies underway through SECAS efforts at the
landscapescak include:

1 Increasing connectivity among fragmented habitats and populations so that fish and

wildlife can shift their ranges or migrations to follow optimal environmental conditions

under future climate and landse changes.
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91 Developing predictions of udm growth patterns and rates across the region to identify
areas where fragmentation will increase and potentially have negative impacts on
ecosystem health (Terando et al. 2014).

1 Conducting regional muispecies and largscale vulnerability assessmertsfish,

wildlife and habitats

v. Conservation Opportunity Areas
Gonservation Opportunity Area€QAsgare spatially delineated places where actions to
support or enhance populations of Regional Species of Greatest Conservation Need (RSGCN)

and/or their habitats are likely to be most effectivetate fish and vidlife agencies are

partneringto establish CAsacross the Northeast

Wall to Wall Circuitscape

and Midwest This process requires the

High Current Flow

development of a methodology to document and

Dispersed Flow

TR

map COAscross the region to achieve

- Blocked Flow

fundamental objectivegFigure §. A recent
workshop (March 2015) convened byetNorth
Atlantic LCiscussed how COAgouldbe
developed to infornr&ate Wildlife Action Plans,

evaluate possibléundamental objectives, and
identify a refined set of alternatives for
consideration by the Northeast Fish and Wildlife
Diversity Technical Committee (NEFWDTQe

types of information included as part of this

_ _ _ process included indices of ecological integrity,
Figure8: Map showing potential areas of

high permeability for upslope range shifte resilience parriers to fish and wildlife movements
under future climate change and
considering anthropogenic barriers and
fragmentation. Modified from Anderson e Species distributions. Workshop participants then
al. (2015) and used with permission fromr
The Nature Cormsvancy.

and migration, and spatial data layers on habitat

scored diferent alternativesfor their inclusion in

the development of COA objectives.
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One study thatvas unanimously scored for inclusion was a new landscapagability
studyled by The Nature Conservancy (Anderson et al. 2AB6&iJding on previous work by
Anderson et al. (2012), which documented climagsilient sites, new methods were useal
evaluate patterns of regional landscape permeability most likely to facilitate fish and wildlife
movementsas they respond to climate chang@ough geographicalange shifts. Spatially
explicit data layers highlight areas where northward and upslope movements are most likely
across terrestrial landscapes, as well as riparian corridors, such as intact floodplains, that would
allow moisturedependent species to track tmal habitat conditions under future climate
change Figure 8 Anderson et al. 2015).he Appalachian Mountain chain was one area
identified as highly important for thermal corridors of movement in the Northeast. Next steps
for this work are to integratspecies range and movement data with the landscape layers to
gain a better understanding of actual occupied habitats and prioritize specific areas for

conservation.

B)STATE
Several State Wildlife Action Plans have already been begun the process ahipclud

adaptationstrategies in their planningAppendix4.1 provides a synthesis of adaptation
strategies and tactics recommendedfive Sate Wildlife Action Plansncluding Connecticut
(Adaptation Subcommittee to the Governor's Steering Committee on @&ilaange 2011
MassachusettsGlimate Change Adaptation Advisory Commit@l1), New HampshireNew
Hampshire Fish and Game Departmetil3, Vermont TetraTech, Inc. 20)3and Rhode
Island Rhode Island SWAWildlife Action Plan 201p
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Tablel: Total numbers of species and hab#siecific adaptation strategies and tactics listed in
Appendix4.1.

Target Habitat or species N

Alpine 5

Coastal, Marine 85
Forest 285
Freshwater Aquatic 202
General 277
TerrestrialWetland 83
Urban/Developed/Agriculture 21
Total 958

C)LOCAL

i. Aquatic systems

Landscape Scale Decision Makiiog Headwater Stream Ecosystem Conservation

Researchers from the WsSPatuxent Wildlife Research Center, USKA&ssachusetts

Cooperative Fish and Wildlife Research Limt University of Massachuse#snherstare

working together tounderstand the impedimnts to landscape scale conservation of

headwater stream ecosystems which are managed by multiple stakeholders in watersheds
across theNortheast The project usedecision theory and too)specifical\6DM (se&ection

[I.A.iii) to evaluate how stakehokts can collaboratively create adaptive strategies that protect
headwater ecosystems from various threats and stressors, including future climate and land use
changes. Since headwater stream ecosystems are differentially valued by organizations for their
species diversity, recreational opportunities, and/or ecosystem services (i.e., water quality and
supply as well as flood control), and individuals and agenciesfemeworking with limited

resources (i.e., fundingtaff), tradeoffs may be inevitableand can be explicitly incorporated

into the decision framework to find an optimal solution for collaboration which best satisfies
multiple stakeholder objectives. By working with federal, state and local governmental agencies
and nonprofit organizations fom two watersheds (Deerfield and MerrimaickNew Englang

this project will provide an example of when collaboration can improve effectiveness and
efficiency of conservation actions. Using decigdioeory approachesthis project isexplicitly

incorporaing critical uncertainties (i.eenvironmental variation, partial controllability,
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structural and parameter uncertainty), risk preferencasd scenario planning tools to
generate insights into the range of potential future outcomes under alternative gemant
strategies. Solutions to other such landscagale conservation problems will require a similar
decision framework that incorporates diverse stakeholder objectives, scientific and
management uncertainty, and risk tolerance into lasgpale conservaon efforts across the

Northeast and beyondJpdates on this project can be found on tR& CSC website

Assessingguaticvulnerability through storm transposition Risk assessment is a

process used across many disciplines, agencies and institutions to evialeiditeslihood of

harmful impactghat may occur or are occurring as a result of exposure or vulnerability to
climate change and other stresso&orm transposition is a modeling approach to help
communities and land managers assess and prepare forgkefiextreme rainfall. Climate
scientists project heavier and more frequent extreme rainstorms for the Northeast and Great
Lakes regions in the futulgeeChapter ). Many communities plan for and design
infrastructure usi nga1l10,59 00tydarestorms)."Storsnttranspasgion( e . g .
makes use of highesolution rainfall data from actual extreme rainfall events and applies them
to inform flood risk assessment and stormwater management in nearby locations that have not
recently experienceéxtreme rainfall. Researchers at the University of Wiscehkdison

(David Liebl and Ken Potter) developed the software tool TranStorm to facilitate hydrologic
modeling with transposed storn{additional information available on thg.S. Climate

Resilience Toolkit sife Land managers and municipalities can use such modeling to identify

potential vulnerabilities and plan for future extreme eventseTuse of a well known actual
storm rather than a "synthetic” storm is more
increased support and resources for restoration and adaptation actions. To date this modeling
approach has involved stormwater ordinges and lake management, but can be applied to
other issues involving extreme precipitation risk, including sediment and nutrient pollution,
ecosystem damage, and bridge and culvert vulnerability.

The software tool TranStorm enables users to transpogeranso a watershed of
interest. The model also computes time series of rainfall amounts for subwatersheds for use in

watershed modeling. The software is currently being shared with users to get their feedback.
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ii. Forests

Modeling effects of climate change on sprudie forest ecosystems and associated

priority bird populations The primary focus of this projectas forecasting both the future

distribution of sprucdfir forest ecosystems in northern New England, as well as associated
priority bird species. Deliverables and tools being developed from this project for informing
adaptive responses to climate changepiacts on these systems include fiseale (900 rh
resolution) maps for the entire Green and White Mountain National Forests and surrounding
region (~500,000 ha landscapes) that depict the location of potential refugia for sfaruce
forests under differenhclimate and management scenarios. Importantly, these maps include
the future distribution of all forest habitat types for these areas, allowing for evaluations of
ecosystem vulnerability and associated adaptive response for all forests in this région.
addition, bird distribution models are also being developed to determine the relative suitability
of these vegetation refugia f (Cathapushickne)i ty bi r d
(Millar et al.2007)

The forest modeling work is infornmg three different adaptive strategies for sustaining
forest habitats in northern New Englandhich are designed to achieve the broad objective of
maintaining forest habitat conditions under future changes in climate and disturbance regimes
for the region These adaptive strategies are 19 dentify and protect climate refugia for
sprucefir forest and associated birds across the regtorminimize incompatible land usg®)
restore and encourag sprucefir habitats through forest management practioas portions of
the Green and White Mountain National Forest that contain biophysical and localized climate
conditions with the potential to support future habitat refugend, 3) sustainforest habitat
conditionsbroadlyacross the diverse forest typesuiad in the Green and White Mountainin
many cases, spruce and fir were selectively harvested from these areas in theTpasproject
ishelping inform where on the landscape active restoration of this species may provide long
term refugia, despite jections for the regional decline of this forest type under climate
change.Thisworkis being completeavith partners from the Vermont Agency of Natural
Resources, White and Green Mountain National Forest NIAdC Sto develop forest

management practies that span a spectrum of adaptation objectiv@arough stakeholder
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input, a suite of adaptation prescriptiongll be designed hat range from “resi s
treatments” (i .e., mai ntain current condition
“transition treatments” (i.e., intentionally
representaton of future-adapted species)ireatments will be implemented in several locations
throughout the region, but will alsosethe landscape models developéalidentify refugia to

simulate the effectiveness of active, adaptive management at sustaining forest conditions

across the region under climate change.

Linkingforestlandscapechangemodels andwildlife population models toassess
climate changeimpactson forest habitats andwildlife populations. Forest landscape models
incorporate sitescale succession and landscegoale processes to simulate forest change at
landscape scales (He 2008). They have been used to examine the importance of succession,
landscapescale processes, and climate change in affecting forest change. Forest landscape
models are linked to different downscaled climate scenarios to investigate the effects of
climate change on forests. For example Sché&llsiadenoff (2005) and Thompacet al
(2011) used the LANDIS Il forest landscape model to investigate effects of climate change and
other landscape processes on changes in forest in Wisconsin and Massachusetts, respectively.
Recent advances in forest landscape models have expandedsimeilation capacity and the
relevance of the types of model outputs availale &ssessing wildlife habitathe LANDIS PRO
models forest composition and structure based on spespcific tree densities, basal areas,
importance values, and biomassesd can make simulationslevant for wildlifeacross the
region at scales of 9270 metes (Wang et al. 2014)Forest parameters can be used as direct
indicators of wildlife habitat or as inputs to wildlife habitat, abundance, or population models.
Forest landscape models can be used to simulate forest change under different climate and
management scenarios to investigate tree species vulnerability and indirectly ecosystem or
habitat vulnerability to climate change (Butler et al. 2015).

Outputs from feest landscape models can be linked with wildlife suitability models and
population models to assess the impacts of landscape change on wildlife (Larson et al. 2004).

For example, Bonnot et al. (2011) developed a spati&dpficit demographic model foeseral
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migrant songbirds that structured the regional population into ecological subsections on the
basis of habitat, landscape patterns, and demographic rates to assess species viability in the
Midwest Bonnot et al. (203) then used this approach to evaluate the responsprairie

warbler (Dendroica discolprandwood thrush(Hylocichla mustelingpopulations in the Central
Hardwoods Bird Conservation Region to simulated conservation scerBmmsuthorsalso
assessede relative effectiveness of habitat restoration, afforestatian,well asncreased
survival differed placementand levels of effort for implementing those approachbewever,
these approachesould also be used to assess species vulnerability untferaht climate

scenarios or to evaluate the effectiveness of adaptation plans.

ili. Terrestrial wetlands

Novelmanagementapproachesfor a vernal pool breedingsalamander Mole

salamander®f the northeasternUnited States,ncludingspotted salamaners (Ambystoma

maculatum) and marbledsalamandergAmbystomaopacun), are vernalpool breedersand

important speciesn the uplandforest habitatssurroundingthesevernalpools.Marbled
salamandersire a Regionapeciesof GreatestConservatiorNeed(seeChapter3 for full list
andadditionalinformation on this specie$ that mayrequire novelmanagementapproacheso
reducevulnerabilitydueto the effectsof climateandlandusechange. Climatechangeis
expectedto leadto reducedvernalpool hydroperioddueto temperatureeffectson
evaporation evapotranspiratiorrates andchangesn seasonaprecipitationrates(Brooks
2009).

Populationsof vernalpool breedingsalamanderfiavehistoricallybeenfocusedat the
individualvernalpool level,but recommendationsre broadering monitoringand management
actionsto the metapopulationscale Some vernalpoolsact assourcepopulationswith more
persistentpopulations(e.g.thosevernalpoolswith optimal hydroperiodregimes)while other
vernalpools havelower numbersof breeders,and canperiodicallygo extinct, but are often
recolonizedoy individualsdispersingrom nearbysourcevernalpools. At the landscapescale,
individualvernalpoolsencompass network of vernalpoolsandact assteppirg stonesacross

the environmentallowingfor salamandegeneflow whichisimportant for maintaininggenetic
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diversity. Unfortunately,suchnetworks aswell assurroundinguplandhabitat, havebeenand
continueto be, severelyfragmentedor degradedby humandevelopment(Comptonet al. 2007,
McGarigak008

Adaptationefforts that identify and prioritize the protection of important pool networks
will be important for allowing populationsto track future environmentalchange(seeCompton
et al. 2007) Individualvernalpoolsandnetworksof poolscouldbe conservedn alandscape
scalenetwork of refugiaand corridorsthroughfuture land acquisitionand conservatiorareas.
Marbled salamandenetwork connectivityand populationsizecouldalsobe improvedby
restoringvernalpoolsthat were previouslyfilled or by creatingnew vernalpoolson the
landscapgWindmiller& Calhoun2007).Anotherpotential adaptationtactic that couldbe
implementedis to control the vernalpool hydroperiodat individualvernalpoolswithin a
network to improvebreedingconditionsandincreasemarbledsalamandefecundity. This
would require baselinemonitoring of hydroperiodto determinewhichvernalpoolsonthe
landscapevould be mostsuitablefor hydroperiodalterationfor marbledsalamanderandhow
thesepoolsmightfit into alargerlandscapescalenetwork.

Assistedmigrationis anotheradaptationapproachthat hasbeenproposedfor species
not ableto trackenvironmentalchangedueto fragmentationor if rapid environmentalchange
makessuchenvironmentaltrackingunrealistic(Minteer & Collins,2010). Beforeassistel
migrationcouldbe successfullgppliedto marbledsalamandersyernalpoolswith optimal
vernalhydroperiodandsuitableuplandhabitatswould needto be identified.

Alongterm marbledsalamandemonitoring projectat the Universityof Massachusetts

is currentlyworkingon gatheringthe neededinformationto help guideadaptationstrategies

for marbledsalamandersUpdateson this projectcanbe found on the NECSGvebsite

iv. Caastal habitats

Coastal regions in the Northeast are diverse, and face a variety of climate hazards
including coastal flooding due to sea level rise and storm s{@gapter 3. The cenbination of
diversity and variety of climate hazards are fostering a diverse set of adaptation strategies along

our coastsThe coastal region of the Northeast has high, and growing, vulnerability to coastal
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flooding (Horton et al. 2014). Whereas globah levels have risen by about 8 inches since 1900
(IPCC 2013jnuch of the Northeast has experienced approximately 1 foot. Bycendury,
much of the region could see between 8 inches and 2.5 feet of seariszdlLentz et al. 2015);
at the high endthis could lead to a several fold increase in the frequency of coastal flooding
even if coastal storms remain unchanged in a changing clirGatedt& Park,2014).

Coastal adaptation strategies include hard infrastructure investments (e.g., sea walls

and storm surge barriers; some of the region’s
infrastructure (e.g., oyster beds, and marsh and dune restorations that minimize wave impacts

and retain sediment and sand), and policy actions (etganges in builicig codes and insurance

to reflect changing risks to health and assets). Given the scope of the adaptation challenge,

many regions are employing hybrid strategiEsr(examples see thigebuild by Design

Progam).

Tools to assessoastallandscaperesponse tosealevelrise for the Northeastern
United States Recently researchers at USGS and Columbia University developed a new method
to help support coastal adaptation to the threats of sea level rise andlithgfLentz et al.
2015) This method distinguishes coastal areas along the Atlantic coast, from approximately
Virginia to Maine that will predominantly experience inundatitom those that have the
capacity to respond dynamically, for example through habitat shifts (e.g., inland). The
probabilistic model goes beyond the traditiorfalb at ht ub” mo d edalsvellbise c o mbi n
projections, coastal elevation, vertical land neavent, and coastal land cover as inp(Figure
9). Model outputs includdand coverspecific forecasts of the probability of inundation or
dynamic coastal chang&he model also produces adjusted land elevation with rpsct to

forecast sea levels.
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Figure9: Diagram of the primary inputs used to predict future land
elevations and coastal responses to sea level rise and storm surge
Modified fromLentz et al. 2015

The interactiveproject websitecurrently makes available for downloadytd layers on

predicted land elevatiomanges, likelihoods of observing the predicted elevation changes, and
probabilities d static or dynamic changgentz et al. 2015 he website also anticipates
providing cecisia support toolsthat allow users to explore and identify which areas may be
bestsuited to meet their land adaptation or management requirementssf@ariety of

planning horizons.

Coastal sandplain grassland habitatSoastal sandplain grassland habitate regional
hotspots fa biodiversity in the NortheasiThese nativespecies rich and disturbangefluenced
habitats are partialarly important for regionallgleclining grassland birds and for habitat
restricted Lepidoptera that depend on food plants that reach their greatest abundance in these
areas. Most of the highest quality grasslands occur on sandy, drgughé glacial outwash

soils that reach their greast extent near the current coastline where they are highly
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vulnerable to pressures from housing development, woody regrowth caused by fire
suppression, and shoreline erosion caused by sea level risstamd surge
One approach to sustaining thekabitats in coastal landscapes is to "create"” these

habitats in places where proper conditions exist but that do not support these habitats today.

The available lands on which to do this
fall in to two general categories: (1)
areas that are currently woddnd, and
(2) areas that are currently grassland
but dominated by nomative species
that are not a high conservatio

priority. But creating nativepecies

rich grassland habitats requires a

different land management toolkit and

Figurel0: Restoration ahead of climate change presents a different setfdarriers to
Martha’ s Vi neyar d.Lighsdreamis
oak woodlandred is sandplaigrasslangdandorange is
agricultural grassland. Data froduber 2000 and Hube outlined above Use of forested areas
& Polzen 2003

implementation in the twacategories

requires forest clearing that can be
controversial with the public because it brings a large structural change. It also can require
collection and distributiorof seed and followup suppression of regrowth. Use of already
cleared nonnative agriculturalandrequires less structural change but could generate
opposition because it would remove land from active local agriculture. It may also require
active management cfoil propertieghat encouragenative speciegrowth. Developing the
toolkit for successful adaptation requires experimentation to guide actions in each of these
cases.

The Marine BiologicalLaboratory and Thé&lature Conservancy conducted two large
management experiments to address these cases. In the first, oak wodakdnitat was
surveyed for habitat characteristics and plant species compostiat then cleared and
seeded with localkgollected sandplain gsssland seed@-igure 10. The recruitment of
sandplairassociated plants was tracked for seven years in larged@tat® management units

39



in the cleared area and in uncleared control units. The experiment created increased total cover
of sandplairassotated plants and increased total plant species diversity from 27 to 89 species
and almost exclusively natigpecies (Lezberg et al. 2007). Howetkis management

approach also required mechanical clearing of regrowing trees that added significantaeffiort
cost.

In a second experiment, an agricultural grassland was subjected to large number of
manipulations to test methods of removing existing paative species, manipulating sof&sg.,
reducing pHJjo benefit native species, and establishing dessaddplain grassland speciés
establishment techniquéhat combined multipletillingsin one growing seasonith seed
addition led to the greatest increases in native species coveriahdess (Wheeler et a2015.
Lowering soil ptilsoincreased coveof native sandplain species (Neill et2015. These new
native-species rich grasslands can be relatively easily maintained by mowing or burning.

At the landscape scale, there are opportunitiesboth of these adaptation strategies.
Currentlysandpla n gr assl ands o n ,cehrratsrhad total ardaiamd@ocwa in d |
vulnerable areas near the coast. Agricultural grasslands cover a similas aeaMar t ha’' s
Vineyard,and can be converted to sandplain grassland using adaptation experiments as a
prescription for actionConversely, ak woodlands cover a wider argand present

opportunities tocreate new sandplain grasslands.

v. Tribes and tribal lands

Tribal engagement and climate adaptation stories in the Northeast CSC Region

The2014-2018 Mrtheastdimate SienceCenter Strategic Agendancluded a set of

recommendations to identify impacts and help develop culturally appropriate resources to
assistNortheast and Midwst Tribes with adaptation planning. This was in response to

Secretarial Order 328%hich set this as a priority within the Departmenttbé Interior. The

Col |l ege of Me (CMWBustairableND&velbpment Isstitubas been working to
address these recommendations through several related initiativethe fall 0f2014, the CMN

hosted theShifting Sasons: Building Tribal Capacity for Climate Change Adaptation Summit

which brought Tribes together with federal, state, academic andpafit groupsto facilitate
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a better understanding of regional climate change and adaptation needs and initiatives, and
support the development oh best management practices approach tidval engagementPart
of the Summit focused on giving examples of existing climate adaptetioris within the
Northeast including theSt. Regis Mohawk Tril@nd the Grand Portage Band of Lake Superior
Chippewa

The people of Akwesasne (St. Regis Mohawk Tribe) located in upstate New York created
a climate change adaptation plan framed by Trileakchings, blended with terminology and
concepts specific to climate science. Through this framework, the plan identifies culturally
relevant species and habitats (i.e. Mother Earth, Fish, Three Sisters, Birds, Four Winds ) to
provide context for the intrduction of climate science information, existing or proposed
adaptation strategies, and existing or proposed collaboration with federal and state agencies
(St. Regis Mohawkribe2013) Another important component is the education of its
membership on climte change within this cultural context. The resulting plan is an adaptive
effort that begins the specific work of climate change adaptation based on culturally
appropriate understandings.

The Grand Portage Band of Lake Superior Chippewa in Minnesoteeistiyu

participating in a multagency research proje¢Grand Portage Indian Reservation Prgject

related to moose and moose habitatiinnesota For the Tribe, interest in thisrpject is based
on the importance moose play in cultural subsistence and how climate change may impact this
way of life(Grand Portage Band of Lake Superior Chipp2®i2) This example of Tribal
adaptation differs from the previous example because it f@suon a specific species and its
habitat. It also differs because at this point, research is focused on the development of climate
mitigation strategies with specific trigger points for managemertheftarget species
(moose)*

Another ongoing initiative led by the College of Menominee Natiasinvolved
relationshipbuildingsite visits to several Tribes within tiNertheastand Midwest and giving
presentations to intettribal organizations such as the Native American Fishvditdlife, and

the United Southern and Eastern Trib@sSET). These efforts are aimed at building culturally

'Dr. Seth Moore, “"Shifting Seasons Summit. October 2014. Keshena Wi
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appropriate relationships to better understand Tribal needs acrbsg¢gion, and to help

Tribes communicate those needs to federal, state, academic partners working at the regional
level.Resultf these effortsare expected todentify climate change impacts unique to
individualTribes, and help guidsolutions for adptation and mitigation that are relevant fa
number of locallybased climatescenari® targetingTribes andTribal lands Anticipated

products include a website providing guidelines for Trfadleral interactions and will be linked
the NE CSC website
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