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VIII. ADAPTING TO THE EFFECTS OF CLIMATE CHANGE IN THE 

MARINE & COASTAL ENVIRONMENT 

This section presents adaptation actions culled from peer-reviewed studies, government reports, 

publications from non-governmental organizations, and interviews with experts.  

In this report, “adaptation” refers to the IPCC’s definition: “adjustment in natural or human systems in 

response to actual or expected climatic stimuli or their effects, which moderates harm or exploits 

beneficial opportunities.”
1290

  

Climate change is now widely acknowledged as a global problem that threatens marine and coastal 

conservation, management, and policy.
1291

 Adaptation is one of two major ways in which climate-related 

risks can be managed (the other is mitigation, which includes strategies to reduce greenhouse gas sources 

and emissions, and enhance greenhouse gas sinks).
1292

 Even if global greenhouse gas emissions were to 

be stabilized near their current levels, atmospheric concentrations would increase throughout the 21
st
 

century, and might well continue to increase slowly for several hundred years after that.
1293

 Thus, 

mitigation can reduce climate-related risks only in the longer term.
1294

 Adaptation has emerged as a 

necessary response to and preparation for the unavoidable impacts of global climate change.
1295

  

Adaptation is in its infancy and the field is developing in a rapid and ad hoc fashion.
1296

 However, general 

and specific approaches to adaptation action are emerging, as are common tenets of adaptation action.
1297

 

Along with these, existing conservation activities are being applied to climate change adaptation, and new 

activities are also being developed.
1298

 The states, provinces, and tribal governments of the NPLCC region 

are developing climate change adaptation strategies. Each of these topics is covered in turn: 

 Framework for Adaptation Actions: A general approach and specific planning and 

management approaches to adaptation action, derived from published and grey literature. 

 Common Tenets of Adaptation Action: Adaptation principles derived from the literature. 

 Climate Adaptation Actions: Adaptation actions are organized into five broad categories, 

including information gathering and capacity building; monitoring and planning; infrastructure 

and development; governance, policy, and law; and, conservation, restoration, protection and 

natural resource management. The actions described represent the range of ideas suggested by the 

scientific literature on climate change adaptation. They are not intended as recommendations. 

                                                      

1290
 Verbatim or nearly verbatim from IPCC. Climate Change 2007: Impacts, Adaptation and Vulnerability: 

Introduction. (2007b, p. 6)  
1291

 Verbatim or nearly verbatim from Gregg et al. The State of Marine and Coastal Adaptation in North America: A 

Synthesis of Emerging Ideas (Final Report). (2011, p. 30) 
1292

 Asian Development Bank (ADB). Climate Proofing: A risk-based approach to adaptation. (2005, p. 7); 

Information on mitigation available from Parry et al. (2007, p. 878) 
1293

 Verbatim or nearly verbatim from ADB. (2005, p. 7) 
1294

 ADB. (2005, p. 7) 
1295

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 30) 
1296

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 30) 
1297

 ADB (2005); Gregg et al. (2011); Heller and Zavaleta (2009); NOAA. Adapting to Climate Change: A Planning 

Guide for State Coastal Managers. (2010) 
1298

 See, for example, Baron et al. (2009); Heller and Zavaleta (2009); Mawdsley, O’Malley, and Ojima (2009); 

NOAA. (2010); U.S. EPA. (2009). 
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 Status of Adaptation Strategies and Plans: Brief descriptions of the development and 

implementation of state, provincial, and selected tribal adaptation strategies in the NPLCC region. 
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1. FRAMEWORK FOR ADAPTATION ACTIONS 

General Approach to Adaptation Action 

Adaptation actions are undertaken either to avoid or take advantage of actual and projected climate 

change impacts either by decreasing a system’s vulnerability or increasing its resilience.
1299

 Glick et al. 

(2011a) note this may entail reprioritizing current efforts as well as identifying new goals and objectives 

to reduce overall ecosystem vulnerability to climate change.
1300

 The former – reprioritizing current efforts 

– is known as a “bottom-up” or “project-based” approach and involves integrating climate change 

considerations into existing management and program structures.
1301

 The latter – identifying new goals 

and objectives – is known as a “top-down” or “landscape-based” approach and is particularly useful for 

broad-scale efforts, such as those conducted at regional, state, or national levels for one or more 

sectors.
1302

 

General approaches to and principles of adaptation action in both human and natural systems have been 

addressed in past reports.
1303

 A review of these reports indicates the approaches and adaptation principles 

are consolidated typically into four broad steps: 

1. Assess current and future climate change impacts and conduct a vulnerability 

assessment.
1304

 Gregg et al. (2011) suggest the vulnerability assessment may focus on a species, 

place, program, community, or anything else of concern to those doing the assessment, and 

should include exposure (the nature and degree to which a system is exposed to significant 

climatic variations), sensitivity (the degree to which a system is affected, either adversely or 

beneficially, by climate-related stimuli), and adaptive capacity (ability of the system to respond 

effectively), as well as interactions with other factors, such as existing stressors or possible 

changes in human resource use patterns.
1305

 In all cases, the assessment should begin with the 

overall goal of those carrying it out (e.g. sustainable fisheries management, coastal habitat 

protection).
1306

 Further information on conducting vulnerability assessments is provided in 

Section 3 of this Chapter. 

2. Select conservation targets and course of action.
1307

  This step includes identifying, designing, 

prioritizing, and implementing management, planning, or regulatory actions and policies that 

reduce the vulnerabilities and/or climate change effects identified in Step 1.
1308

  Note that Steps 1 

and 2 are interchanged in some reports (CIG 2007; Heller & Zavaleta 2009), and are considered 

iterative by others (Glick et al. 2009). 

                                                      

1299
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 29). The authors cite ADB (2005), Levin & Lubchenco 

(2008), Lawler (2009). Pew Center (2009). 
1300

 Verbatim or nearly verbatim from Glick et al. (2011a, p. 7)  
1301

 Glick et al. (2011a, p. 7); Glick et al. (2011b, Box 1.1, p. 13) 
1302

 Glick et al. (2011a, p. 8); Glick et al. (2011b, Box 1.1, p. 13) 
1303

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 30) 
1304

 Gregg et al. (2011); Glick et al. (2009); Heller & Zavaleta (2009); NOAA (2010); U.S. AID (2009); CIG (2007); 

ADB (2005); Pew Center. (2009)  
1305

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 30) 
1306

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 30) 
1307

 Gregg et al. (2011); Glick et al. (2009); Heller & Zavaleta (2009); NOAA (2010); U.S. AID (2009); CIG (2007); 

Pew Center. (2009) 
1308

 Gregg et al. (2011); Glick et al. (2009); Heller & Zavaleta (2009); NOAA (2010); U.S. AID (2009); CIG (2007) 
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3. Measure, evaluate, and communicate progress through the design and implementation of 

monitoring programs that assess changes in the chosen parameters of management and/or policy 

effectiveness.
1309

 

4. Create an iterative process to reevaluate and revise the plan, policy, or program, including 

assumptions.
1310

  

In some reports, a wider planning process and team-building activities precede Step 1 above. For 

example, the process outlined in NOAA’s Adapting to Climate Change: A Planning Guide for State 

Coastal Managers (2010) begins with a planning process that includes scoping the level of effort and 

responsibility; assessing resource needs and availability; assembling a planning team and establishing 

responsibilities; and, educating, engaging & involving stakeholders.
1311

 The Climate Impacts Group 

Preparing for Climate Change: A Guidebook for Local, Regional, and State Governments (2007) includes 

similar steps: scope climate change impacts in major sectors; build and maintain support to prepare for 

climate change by identifying a “champion” and audience, and developing and spreading a message; and, 

build a climate change preparedness team.
1312

 The Asian Development Bank’s (2005) approach begins 

with capacity building and provision, enhancement, and application of data, tools, and knowledge.
1313

 

Specific Planning and Management Approaches to Adaptation Action  

Two of many approaches to adaptation planning and management in the coastal and marine environment 

are: 

 The U.S. EPA’s National Estuary Program – Climate Ready Estuaries  

There are five critical elements in an adaptation plan that earns recognition as a “Climate Ready 

Estuary:” 

o Assessment of vulnerability to climate change, which includes a description of the 

specific effects from climate change (and interactions of climate change with existing 

stressors) that are likely to affect key management goals, the timeframe for the predicted 

effects, and consideration of uncertainty or other factors needed to set planning 

priorities.
1314

 

o Summary of considerations used to set priorities and select actions, including the timing 

and severity of projected impacts, the probability of occurrence of different impacts, the 

economic or social value of endpoints in concern, and the capacity of the community to 

undertake the action compared to the scale of impacts.
1315

 

                                                      

1309
 Gregg et al. (2011); Glick et al. (2009); Heller & Zavaleta (2009); NOAA (2010); U.S. AID (2009); CIG (2007); 

ADB (2005) 
1310

 Gregg et al. (2011); Glick et al. (2009); NOAA (2010); U.S. AID (2009); CIG (2007); ADB (2005) 
1311

 NOAA. (2010) 
1312

 CIG. (2007) 
1313

 ADB. (2005, p. 95)  
1314

 Verbatim or nearly verbatim from U.S. EPA. Adaptation Planning for the National Estuary Program. (2009, p. 

2) 
1315

 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 3) 
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o Description of specific adaptation actions for implementation, which is a limited set of 

essential actions and a preliminary schedule and approach to achieving those actions.
1316

 

The crucial need is to select realistic actions to address known risks and identify the 

needs to implement those actions.
1317

 In the style of adaptive management, the plan 

should recognize the need to proceed without complete information and acknowledge the 

need to revisit and update the plan.
1318

  

o Plan for communicating with stakeholders and decision-makers, which may include 

new communication techniques and strategies to address unfamiliar concerns in addition 

to existing communications strategies.
1319

 

o Plan for monitoring and evaluating results, that outlines the process that will be used to 

periodically monitor and evaluate (1) climate-driven changes in the estuary, and (2) the 

effectiveness of adaptation actions in lessening the negative impacts of those climate-

driven changes.
1320

 

 

 The U.S. NOAA’s Planning Guide for State Coastal Managers  

This document is structured to help guide managers through the planning process from establishing 

the planning team to implementing the plan.
1321

 The major components of developing a plan are: 

o The planning process, which involves scoping the level of effort and responsibility of 

those involved, assessing resource needs and availability, assembling the planning team 

and establishing responsibilities, and educating, engaging, and involving stakeholders.
1322

 

o The vulnerability assessment, in which climate change phenomena, impacts, and 

consequences are identified, the sensitivity, exposure, and adaptive capacity of systems is 

assessed, scenarios are developed to simulate changes, and focus areas are identified.
1323

 

o Developing the adaptation strategy, which includes setting goals, identifying actions, 

evaluating, selecting, and prioritizing actions, and writing the action plan.
1324

 

o Implementing and maintaining the plan, which includes adopting and implementing the 

plan, integrating the plan into other state planning efforts and programs, tracking, 

evaluating, and communicating progress, and updating the plan.
1325

 

  

                                                      

1316
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 4) 

1317
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 4) 

1318
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 4) 

1319
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 5) 

1320
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 6) 

1321
 Verbatim or nearly verbatim from NOAA. Adapting to Climate Change: A Planning Guide for State Coastal 

Managers. (2010, p. 4) 
1322

 Verbatim or nearly verbatim from NOAA. (2010, p. 16-25) 
1323

 Verbatim or nearly verbatim from NOAA. (2010, p. 26-44) 
1324

 Verbatim or nearly verbatim from NOAA. (2010, p. 45-101) 
1325

 Verbatim or nearly verbatim from NOAA. (2010, p. 102-106) 
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2. COMMON TENETS OF ADAPTATION ACTION 

No single element or component of adaptation is a solution on its own, and there is no universally best set 

of solutions.
1326

 Gregg et al. (2011) note that successfully adapting to climate change relies on a mixture 

of approaches as well as perpetual review and modification as new information comes to light, new ideas 

are generated, and additional changes take place.
1327

 Scientists are increasingly emphasizing the concepts 

of maintaining or improving ecosystem resistance and resilience,
1328

 as well as enabling or facilitating the 

ability of a species or ecosystem to change,
1329

 e.g. via response or realignment.
1330

 A review of the 

published and grey literature indicates the following are common tenets of adaptation action: 

 Remove other threats and reduce non-climate stressors that interact negatively with climate 

change or its effects.
1331

 

 Establish or increase habitat buffer zones and corridors, including adjustments to protected area 

design and management such as expanding reserve networks.
1332

 

 Increase monitoring and facilitate management under uncertainty, including scenario-based 

planning and adaptive management (Box 18 and Box 19).
1333

 

Four additional tenets were also found in the literature, although they were not cited universally: 

 Manage for ecological function and protection of biologidcal diversity, including restoration of 

habitat and system dynamics.
1334

  

 Implement proactive management and restoration strategies, which may include 

translocations.
1335

 

 Reduce local and regional climate change, e.g. via restoration, planting vegetation.
1336

 

 Reduce greenhouse gas emissions.
1337

 

                                                      

1326
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 30) 

1327
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 30) 

1328
 Verbatim or nearly verbatim from Glick et al. (2009, p. 12) 

1329
 Verbatim or nearly verbatim from Glick et al. (2009, p. 13) 

1330
 Verbatim or nearly verbatim from U.S. Fish and Wildlife Service. Rising to the urgent challenge: strategic plan 

for responding to accelerating climate change (pdf). (2010, Sec1:16). The authors cite Millar et al. (2007) for 

information on realignment. 
1331

 Gregg et al. (2011); Lawler (2009); Glick et al. (2009) 
1332

 Gregg et al. (2011); Lawler (2009); Glick et al. (2009) 
1333

 Gregg et al. (2011); Lawler (2009); Glick et al. (2009) 
1334

 Glick et al. (2009); Lawler (2009)  
1335

 Glick et al. (2009); Lawler (2009) 
1336

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 32) 
1337

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 33) 
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Box 18. Managing uncertainty: Scenario-based planning and adaptive management. 

Scenario-based planning: Scenario planning is a concept developed by Peterson, Cumming, & Carpenter 
(2003).1338 It is a systematic method for thinking creatively about possible complex and uncertain futures.1339 
The central idea of scenario planning is to consider a variety of possible futures that include many of the 
important uncertainties in the system rather than to focus on the accurate prediction of a single outcome.1340 
In this context, the scenarios are not predictions or forecasts but, rather, a set of plausible alternative future 
conditions.1341 Scenario planning is appropriate for systems in which there is a lot of uncertainty that is not 
controllable.1342 This approach is used by the IPCC (see Box 2 for an explanation).  

Adaptive management: Adaptive management is a systematic approach for improving resource 
management by learning from management outcomes.1343 It puts management actions into an experimental 
framework, specifying what information is needed to evaluate management success and how and when it will 
be used to adjust management actions.1344 In theory, adaptive management allows for the management of 
highly uncertain systems.1345 It is useful not only when the future is uncertain, but when there is uncertainty 
about which management approach is best or how the system being managed functions even under today’s 
conditions.1346 It may be particularly useful in cases where immediate action is required to address short-term 
and/or potentially catastrophic long-term consequences or where management actions are likely to have no 
regrets near-term benefits.1347 While it is a common complaint that current environmental rules and 
regulations lack the flexibility needed for true adaptive management, the U.S. Department of the Interior’s 
technical guide to adaptive management provides both suggestions for and examples of effective adaptive 
management in the federal context.1348 

 

                                                      

1338
 Glick et al. (2009, p. 18) 

1339
 Verbatim or nearly verbatim from Peterson, Cumming and Carpenter. Scenario planning: a tool for 

conservation in an uncertain world. (2003, p. 359)  
1340

 Peterson, Cumming and Carpenter. (2003, p. 359) 
1341

 Glick et al. (2009, p. 18) 
1342

 Verbatim or nearly verbatim from Peterson, Cumming and Carpenter. (2003, p. 365) 
1343

 Williams et al. Adaptive Management: The U.S. Department of the Interior Technical Guide. (2009, p. 1). The 

authors cite Sexton et al. (1999) for this information. 
1344

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 32) 
1345

 Lawler. (2009, p. 85) 
1346

 Verbatim or nearly verbatim from Glick et al. Restoring the Great Lakes' Coastal Future: Technical Guidance 

for the Design and Implementation of Climate-Smart Restoration Projects. (2011a, p. 39) 
1347

 Verbatim or nearly verbatim from Glick et al. (2011a, p. 39). The authors cite Ojima and Corell (2009) and 

Climate Change Wildlife Action Plan Working Group (2008) for this information. 
1348

 Verbatim or nearly verbatim from Glick et al. Scanning the Conservation Horizon: A Guide to Climate Change 

Vulnerability Assessment. (2011b, Box 1.2, p. 15). The authors cite Williams et al. (2007) for the technical guide. 
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1349
 Verbatim or nearly verbatim from Glick et al. (2011b, Box 1.2, p. 15)  

1350
 Verbatim or nearly verbatim from Glick et al. (2011b, Box 1.2, p. 15) 

1351
 Verbatim or nearly verbatim from Glick et al. (2011b, Box 1.2, p. 15) 

1352
 Verbatim or nearly verbatim from Glick et al. (2011b, Box 1.2, p. 15) 

1353
 Verbatim or nearly verbatim from Glick et al. (2011b, Box 1.2, p. 15) 

1354
 Verbatim or nearly verbatim from Glick et al. (2011b, Box 1.2, p. 15) 

1355
 Verbatim or nearly verbatim from Glick et al. (2011b, Box 1.2, p. 15) 

Box 19. Adaptation and Adaptive Management: Complementary but Distinct Concepts. 

Adaptation and adaptive management are distinct concepts that are frequently confused with one another.1349 
As described earlier, adaptation refers to strategies designed to prepare for and cope with the effects of 
climate change.1350 In contrast, adaptive management is one particular approach to management in the face of 
uncertainty, and is not necessarily tied to climate change (see Box 18)1351  

Adaptation to climate change is characterized by making decisions in the face of uncertainty.1352 Because of 
the uncertainties associated with predicting the effects of future climates on species and ecosystems, flexible 
management will almost certainly be a component of well-designed adaptation strategies.1353 However, while 
the adaptive management framework is structured to enable managers to act in the face of uncertainty, Glick 
et al. (2011b) note other management approaches and philosophies are also designed to address different 
levels of uncertainty (e.g. scenario-based planning).1354 

To summarize, adaptive management can be an important component of adaptation efforts, but not all 
adaptive management is climate change adaptation, nor is all climate change adaptation necessarily adaptive 
management.1355 
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3. CLIMATE ADAPTATION ACTIONS – INFORMATION GATHERING AND 

CAPACITY BUILDING 

Building capacity in organizations, managers, practitioners, decision-makers, and the public can increase 

the ability to plan, develop, and implement adaptation strategies.
1356

 Gregg et al. (2011) list multiple 

factors that can affect capacity to engage in adaptation, including generic factors such as economic 

resources and more specific factors such as quality and quantity of information, and training and 

technological resources.
1357

  The sections below describe components of information gathering and 

capacity building. 

Conduct/gather additional research, data, and products 

Gregg et al. (2011) state gathering research, data, and products on actual and projected climate change 

impacts is critical to supporting adaptation action.
1358

 Models and research products have predicted a 

range of plausible scenarios; as these tools are refined, many indicate that the extent and magnitude of 

climate impacts may be greater than previously thought.
1359

 Incorporating the best available science, 

traditional ecological knowledge, and citizen science efforts may improve climate adaptation 

decisions.
1360

 For example, the U.S. Agency for International Development (2009) notes the general 

maintenance and restoration of wetlands in a changing climate may benefit from:  

 Mapping intact coastal wetland systems in the region using field surveys, together with remote 

sensing imagery (where available) to distinguish salt-tolerant species from freshwater species.
1361

  

 Analyzing the vulnerability of the wetland to storms and sea level rise to establish priorities for 

protection and restoration.
1362

 Post-storm evaluation of wetlands and adjacent land impacts 

provides valuable information on the resilience of wetlands and their storm buffer capacities.
1363

 

 Determining freshwater flow requirements and potential climate change impacts on freshwater 

flows to support the maintenance of brackish water wetlands.
1364

   

Create/enhance technological resources 

In their synthesis of adaptation strategies for marine and coastal ecosystems, Gregg et al. (2011) state 

technological resources can make adaptation action easier and more accessible.
1365

 These resources 

include the tools that can support information exchange, modeling of vulnerability and risk, and decision-

making.
1366

 These resources can help planners, managers, scientists, and policy makers to identify priority 

                                                      

1356
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 46) 

1357
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 46) 

1358
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 53) 

1359
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 53) 

1360
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 53) 

1361
 Verbatim or nearly verbatim from U.S. AID (2009, p. 76) 

1362
 Verbatim or nearly verbatim from U.S. AID (2009, p. 76) 

1363
 Verbatim or nearly verbatim from U.S. AID (2009, p. 76) 

1364
 Verbatim or nearly verbatim from U.S. AID (2009, p. 76) 

1365
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 70) 

1366
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 70) 
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species and areas for conservation, generate inundation and hazard maps, and ascertain organizations and 

communities that have successfully implemented adaptation strategies.
1367

 

Conduct vulnerability assessments and studies 

Vulnerability assessments help practitioners evaluate potential effects of climatic changes on ecosystems, 

species, human communities, and other areas of concern.
1368

 Vulnerability assessments and studies can 

identify impacts of concern, a range of scenarios that depend on the frequency and magnitude of changes, 

who and what is at risk from these impacts, and what can be done to reduce vulnerability and increase 

resilience.
1369

 Specifically, climate change vulnerability assessments provide two essential components to 

adaptation planning: 

 Identifying which species or ecosystems are likely to be most strongly affected by projected 

changes; and 

 Understanding why these resources are likely to be vulnerable, including the interaction between 

climate shifts and existing stressors.
1370

 

Determining which resources are most vulnerable enables managers to better set priorities for 

conservation action, while understanding why they are vulnerable provides a basis for developing 

appropriate management and conservation responses.
 1371

 In other words, they can provide a factual 

underpinning for differentiating between species and systems likely to decline and likely to thrive, but do 

not in themselves dictate adaptation strategies and management responses.
1372

  

Vulnerability is a function of exposure and sensitivity to change as well as adaptive capacity, which can 

all vary greatly depending on geography, genetic or species diversity, resources, and other factors.
1373

 

Vulnerability assessments are, therefore, structured around assessments of these distinct components.
1374

 

The key steps and associated actions for assessing vulnerability to climate change are listed in Table 22.  

The EPA’s Climate Ready Estuaries program compiled best practices and lessons learned for 

vulnerability assessment efforts including: 

 Recognize that non-climate drivers, such as development, pollution, and population growth, often 

exacerbate climate change vulnerabilities.
1375

 

 When working with limited data, use readily available scientific best professional judgment to 

help support decision-making.
1376

 Surveying both local and regional experts and stakeholders can 

assist in building knowledge, as they have access to some of the most up-to-date information and 

research.
1377

 

                                                      

1367
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 70) 

1368
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 54) 

1369
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 54) 

1370
 Verbatim or nearly verbatim from Glick et al. (2011b, p. 1) 

1371
 Verbatim or nearly verbatim from Glick et al. (2011b, p. 1) 

1372
 Verbatim or nearly verbatim from Glick et al. (2011b, p. 3) 

1373
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 54) 

1374
 Verbatim or nearly verbatim from Glick et al. (2011b, p. 2) 

1375
 Verbatim or nearly verbatim from U.S. EPA. Lessons Learned from the Climate Ready Estuaries Program. 

(2011, p. 2) 
1376

 Verbatim or nearly verbatim from U.S. EPA. (2011, p. 2) 
1377

 Verbatim or nearly verbatim from U.S. EPA. (2011, p. 2) 
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 Focus on emergency and disaster management, which is one area National Estuary Programs can 

work with local and state governments to incorporate climate change issues.
1378

 For further 

information on emergency and disaster management, please see “Increase organizational 

capacity” in this section and “Develop a disaster preparedness plan” in Section 6 of this 

Chapter. 

 Collaborate with and use local partners, such as universities, non-profits, Sea Grants, and 

National Estuarine Research Reserves to fill information gaps.
1379

 

 Determine scope – vulnerability assessments do not necessarily have to be broad in scope.
1380

 

Focusing on the vulnerability of a specific resource may generate momentum for adaptation.
1381

 

This lesson is echoed by Glick et al.’s “landscaped-based” and “project-based” approach to 

climate-smart conservation, described previously (see Section 1 in this Chapter).
1382

 

Table 22. Key Steps for Assessing Vulnerability to Climate Change 

Key Steps Associated Actions 

Determine 

objectives and 

scope 

• Identify audience, user requirements, and needed products 

• Engage key internal and external stakeholders 

• Establish and agree on goals and objectives 

• Identify suitable assessment targets 

• Determine appropriate spatial and temporal scales 

• Select assessment approach based on targets, user needs, and available resources 

Gather relevant 

data and expertise 

• Review existing literature on assessment targets and climate impacts 

• Reach out to subject experts on target species or systems 

• Obtain or develop climatic projections, focusing on ecologically relevant 

variables and suitable spatial and temporal scales 

• Obtain or develop ecological response projections 

Assess components 

of vulnerability 

• Evaluate climate sensitivity of assessment targets 

• Determine likely exposure of targets to climatic/ecological change 

• Consider adaptive capacity of targets that can moderate potential impact 

• Estimate overall vulnerability of targets 

• Document level of confidence or uncertainty in assessments 

Apply assessment 

in adaptation 

planning 

• Explore why specific targets are vulnerable to inform possible adaptation 

responses 

• Consider how targets might fare under various management and climatic 

scenarios 

• Share assessment results with stakeholders and decision-makers 

• Use results to advance development of adaptation strategies and plans 

Source: Modified from Glick et al. (2011b, Box 2.1, p. 19) by authors of this report. 

Conduct scenario planning exercises 

Scenario planning involves the creation of a series of scenarios specifically for the planning process in 

question, as well as narratives to accompany those scenarios.
1383

 It also involves the use of those scenarios 

                                                      

1378
 Verbatim or nearly verbatim from U.S. EPA. (2011, p. 2) 

1379
 Verbatim or nearly verbatim from U.S. EPA. (2011, p. 2) 

1380
 Verbatim or nearly verbatim from U.S. EPA. (2011, p. 2) 

1381
 Verbatim or nearly verbatim from U.S. EPA. (2011, p. 2) 

1382
 Glick et al. (2011a, p. 7) 

1383
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 59) 
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for evaluating policy/management options.
1384

 Scenario planning allows participants to identify actions 

that work well across multiple scenarios, to discover options for dealing with uncertainty, and can 

improve adaptive management.
1385

 Please see Box 18 for additional information on scenario planning. 

Increase organizational capacity 

Sufficient organizational capacity is needed to support adaptation activities at all levels of government.
1386

 

This strategy includes improving the resources, tools, knowledge, and institutional support required to 

increase organizational capacity.
1387

 Gregg et al. (2011) identify several specific strategies for increasing 

organizational capacity: 

 Coordinate planning and management across institutional boundaries: Many climate change 

impacts will affect multiple jurisdictions at once whether the effects are felt at local, regional, 

national, or international scales.
1388

  Because climatic variability is not confined by political or 

social boundaries, cross-jurisdictional coordination of planning and management can improve 

adaptation efforts.
1389

 Increased cooperation may include information sharing, improved 

communication, and establishing formal partnerships to share resources, funds, and 

knowledge.
1390

 

 Create new institions (training staff, establishing committees): Creating committees and 

advisory bodies and having properly trained staff can institutionalize climate change 

considerations within an organization.
1391

 Technical experts, scientists, and other staff can 

contribute important knowledge and recommendations to support governmental decision-making 

on climate adaptation.
1392

 

 Invest in/enhance emergency services planning and training: Climate change is expected to 

increase risks to public health and safety throughout North America.
1393

 Flooding, erosion, and 

sea level rise will affect low-lying coastal communities by short- and long-term displacement of 

people and communities, salinization of potable water, and infrastructure damage.
1394

  Warmer 

temperatures and changes in precipitation patterns will likely increase incidences of wildfires and 

drought, pests and diseases, and intense heat waves.
1395

 Integrating climate change concerns into 

emergency services planning and training, including police, fire and rescue, and emergency 

medical services, will be important to limit public health and safety risks.
1396

 

                                                      

1384
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 59) 

1385
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 59). The authors cite Peterson (2003) for this 

information.  
1386

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 48) 
1387

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 48) 
1388

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 49) 
1389

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 49) 
1390

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 49) 
1391

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 46) 
1392

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 46) 
1393

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 50) 
1394

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 50) 
1395

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 50) 
1396

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 50) 
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Increase job training and retraining 

Gregg et al. (2011) identify two strategies for increasing job training and retraining: 

 Create/host adaptation training and planning workshops: While many researchers, conservation 

practitioners, and resource managers understand the reality of climate change, they are often still 

challenged by what actions to take.
1397

 As a result, the conservation and resource management 

community needs assistance developing its thinking on dealing with climate change, finding the 

information or data it needs to make informed decisions, and finding people to interact with on 

this topic as individuals develop their own approaches.
1398

 Training and planning workshops can 

provide context, guidance, and practical examples of how adaptation is being addressed on-the-

ground.
1399

 

 Provide new job training for people whose livelihoods are threatened by climate change: This 

strategy directly addresses the potential economic consequences of global climate change.
1400

 

Increased water temperatures and ocean acidification will severely impact fisheries, aquaculture, 

and ecotourism and recreation based on natural resources.
1401

 

Create stakeholder engagement processes 

As mentioned by Gregg et al. (2011), gaining public buy-in for adaptation can be critical to ensuring the 

effectiveness of any strategy.
1402

 Engaging stakeholders can occur in a variety of ways; for example, 

participating in meetings and workshops, one-on-one interactions, and websites, among others.
1403

 

Activities like interactive, participatory discussions, problem solving sessions, and role-playing exercises 

have been used to engage stakeholders in climate adaptation.
1404

 The EPA’s Climate Ready Estuaries 

program compiled best practices and lessons learned for stakeholder engagement efforts including: 

 Leverage existing efforts.
1405

 

 Focus on local issues.
1406

 Presenting local evidence of climate change (e.g., changes in seasonal 

events or animal behavior, local projections of wetland loss) to local officials and the general 

public is often a useful approach to build support for adaptation.
1407

 

 Link climate change adaptation messages to clean water supply and stormwater drainage.
1408

 This 

can be an effective way to engage local decision-makers, as constituents are increasingly 

concerned about these issues.
1409

 

                                                      

1397
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 56) 

1398
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 56) 

1399
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 56) 

1400
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1401
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1402
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1403
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1404
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 57) 

1405
 Verbatim or nearly verbatim from U.S. EPA. (2011, p. 3) 

1406
 Verbatim or nearly verbatim from U.S. EPA. (2011, p. 3) 
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1408
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 Target entities most responsible for construction and maintenance of public infrastructure (e.g., 

municipalities, counties or regional authorities) first to encourage greater willingness to engage 

on the impacts of sea level rise due to the significant fiscal implication of infrastructure loss or 

damage.
1410

 

 Conduct meetings or phone calls with key stakeholders to help identify what stakeholders are 

already working on and their key needs for undertaking climate change adaptation.
1411

 

Increase/improve public awareness, education, and outreach efforts 

This strategy, identified by Gregg et al. (2011) in their synthesis of marine and coastal adaptation 

strategies, relates to improving the links between science, management, decision-making, and public 

awareness.
1412

 These efforts may be in the form of presentations and workshops, print and internet media, 

steering and advisory committees, and traditional educational venues.
1413

 More interactive approaches 

tend to be better at ensuring a two-way flow of information, recognizing that scientists must learn from 

managers, policy makers, and the public as well as vice-versa.
1414

 Enabling managers and decision-

makers to incorporate climate adaptation into practice requires that the appropriate science be available in 

useable forms when needed.
1415

 The broader public also needs to be engaged in climate adaptation and be 

made aware of the potential ways that climate change may affect the economy, natural resources, 

livelihoods, health, and well-being.
1416

 Gaining public buy-in may increase political and social capital to 

support climate adaptation action at local, regional, national, and international levels.
1417

 

  

                                                      

1410
 Verbatim or nearly verbatim from U.S. EPA. (2011, p. 3) 

1411
 Verbatim or nearly verbatim from U.S. EPA. (2011, p. 3) 

1412
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 51) 

1413
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1414
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4. CLIMATE ADAPTATION ACTIONS – MONITORING AND PLANNING 

The sections below describe components of monitoring and planning. 

Develop climate change indicators 

The U.S. EPA’s Climate Ready Estuaries Program notes that the development of climate change 

indicators for estuaries is still an evolving field, but there have already been a number of lessons learned 

from the Climate Ready Estuaries partners.
1418

 They include: 

 Identify desired climate change information outputs prior to the beginning of the indicator 

selection process.
1419

  

 Consider conducting a climate change vulnerability assessment prior to developing climate 

change indicators.
1420

 A vulnerability assessment may be useful in order to ensure that the 

candidate list of indicators is comprehensive and to identify variables that are indicative of 

consequences rather than drivers.
1421

 For further information on conducting vulnerability 

assessments, please see “Conduct vulnerability assessments and studies” in Section 3 of this 

Chapter. 

 Explore the development of conceptual ecological models of climate change prior to developing 

indicators.
1422

  These models are organized in a hierarchical way among drivers, stressors, 

ecological effects, key attributes, and measures.
1423

  The measures point the way to key indicators 

of climate change.
1424

 

 Draw up a universe of candidate indicators from which to consider.
1425

 Identify any factors that 

are uncertain (such as the direct tie to climate change or available monitoring), as these factors 

will be important to consider later.
1426

   

 Obtain as much public and scientific input as possible on selecting a subset of indicators for more 

intense review.
1427

  For further information on stakeholder engagement, please see “Create 

stakeholder engagement processes” in Section 3 of this Chapter. 

 Recognize that regional efforts that cross state lines often require additional involvement from 

government agencies and other key stakeholders.
1428

 The involvement of key local, state, and 

regional organizations will be important to discuss during the initial stages of any indicator 

development process.
1429
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1419
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Evaluate existing monitoring programs for wildlife and key ecosystem components 

Monitoring systems provide information that managers can use to adjust or modify their activities through 

the process of adaptive management.
1430

 This approach, described by the Heinz Center (2008) in their 

report on strategies for managing climate change effects on wildlife and ecosystems, would evaluate the 

current state of the systems that collect, analyze, and interpret environmental information.
1431

 It would 

determine how programs will need to be modified to provide management-relevant information on the 

effects of climate change and what new monitoring systems will need to be established in order to address 

gaps in knowledge of climate effects.
1432

 The costs to adapt existing monitoring systems and develop new 

monitoring systems are likely to be high.
1433

 In many cases this will probably require new legislation and 

regulations, and possibly new tools and approaches to monitoring.
1434

 It will also require better integration 

and coordination across existing monitoring programs.
1435

 

Incorporate predicted climate change impacts into species and land management 

Information about actual and potential climate change impacts can be of benefit to land and natural 

resource managers in making decisions and taking actions.
1436

 Climate change is not addressed in many 

existing natural resource plan documents.
1437

 This strategy would use existing natural resource planning 

mechanisms to inform decision-making on a broad spectrum of natural resource management topics.
1438

 

Many existing natural resource plans already contain provisions for updates and revisions, which could 

provide a mechanism for incorporating information about climate change effects and adaptation 

strategies.
1439

 The Heinz Center (2008) notes the problems with this approach are mainly practical at 

present: there is a definite cost associated with revisiting and revising management plans; in practice, 

many resource management plans are updated infrequently.
1440

 Also, detailed predictions of potential 

climate change effects are currently only available for a small subset of species and areas,
1441

 as shown by 

the Information Gaps identified throughout this report. 

                                                      

1430
 Verbatim or nearly verbatim from Heinz Center (2008, p. 29). The authors cite Walters (1986), Margoluis and 

Salafsky (1998), and Williams, Szaro, and Shapiro (2007) for this information. 
1431

 Verbatim or nearly verbatim from Heinz Center (2008, p. 29). The authors cite Walters (1986), Margoluis and 

Salafsky (1998), and Williams, Szaro, and Shapiro (2007) for this information. 
1432

 Verbatim or nearly verbatim from Heinz Center (2008, p. 29)  
1433

 Verbatim or nearly verbatim from Heinz Center (2008, p. 30) 
1434

 Verbatim or nearly verbatim from Heinz Center (2008, p. 30) 
1435

 Verbatim or nearly verbatim from Heinz Center (2008, p. 30). The authors cite The Heinz Center (2006) for this 

information. 
1436

 Verbatim or nearly verbatim from Heinz Center (2008, p. 30) 
1437

 Verbatim or nearly verbatim from Heinz Center (2008, p. 30). The authors cite Hannah, Midgley and Millar 

(2002) for information on existing natural resource plan documents, and Mawdsley (unpublished data) for 

information on endangered species recovery plans and State Wildlife Action Plans. 
1438

 Verbatim or nearly verbatim from Heinz Center (2008, p. 30) 
1439

 Verbatim or nearly verbatim from Heinz Center (2008, p. 30) 
1440

 Verbatim or nearly verbatim from Heinz Center (2008, p. 30-31) 
1441

 Verbatim or nearly verbatim from Heinz Center (2008, p. 31). The authors cite The Heinz Center (2007) for this 

information. 
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Develop dynamic landscape conservation plans 

Dynamic landscape conservation plans include information 

on fixed and dynamic spatial elements, along with 

management guidelines for target species, genetic resources, 

and ecosystems within the planning areas.
1442

 Fixed spatial 

elements include protected areas where the land use is fully 

natural.
1443

 Dynamic spatial elements include all other areas 

within the landscape matrix, where land use may change 

over time.
1444

 The plan includes a desired future condition 

for each element, based on predicted shifts in distribution of 

species and other ecosystem components, as well as any 

intermediate steps that may be necessary to transition 

between current and future condition.
1445

 The management 

guidelines suggest mechanisms and tools for management 

(such as land acquisition, riparian plantings, or other 

wildlife-friendly farming practices) and specific government 

agencies responsible for implementation.
1446

 The actual 

planning activities required to develop these plans are likely 

to be compatible with other local or regional-scale planning 

projects such as State Wildlife Action Plans or watershed 

management plans.
1447

 However, planning efforts can be 

resource-intensive.
1448

 Recommendations such as suggesting 

that certain spatial elements (i.e., areas of land or water) will 

need to be converted from human uses to “natural” 

management are likely to prove controversial.
1449

 

Changes to land use planning and zoning  

This may include restricting or prohibiting development in 

erosion zones, redefining riverine flood hazard zones, or 

increasing shoreline setbacks.
1450

 Restricting development in 

erosion zones allows for more land available to protect 

estuaries, but will not help areas already developed.
1451

 It 

                                                      

1442
 Verbatim or nearly verbatim from Heinz Center (2008, p. 31). The authors cite Hannah and Hansen (2005) for 

this information. 
1443

 Verbatim or nearly verbatim from Heinz Center (2008, p. 31).  
1444
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 Verbatim or nearly verbatim from Heinz Center (2008, p. 31).  
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 Verbatim or nearly verbatim from Heinz Center (2008, p. 31).  
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 Verbatim or nearly verbatim from U.S. EPA. Synthesis of Adaptation Options for Coastal Areas. (2009, p. 14) 
1451

 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 14) 

Case Study 1. Ecosystem-Based 
Management and Climate Change 
Adaptation in Humboldt Bay, CA. 

Climate stressors addressed: Ocean 
acidification. Increased sea surface 
temperature. Altered hydrology and 
ocean currents. Increased frequency 
and severity of storms. Sea level rise. 
Coastal erosion, upwelling, hypoxia and 
anoxia.  

In the NPLCC region, the San Juan 

Initiative (WA), Port Orford Ocean 

Resource Team (OR), and Humboldt 

Bay Initiative (CA) represent three of 

six community-based initiatives 

comprising the West Coast EBM 

network, which is a partnership focused 

on the successful implementation of 

EBM along the coasts of Washington, 

Oregon, and California. The Humboldt 

Bay Initiative (HBI) is currently 

planning a coordinated response to 

climate change for the Humboldt Bay 

ecosystem. In early 2010, HBI 

organized a meeting of local, state and 

federal agencies, along with public 

stakeholders, to identify and inventory 

all climate change activities underway in 

Humboldt Bay in order to leverage 

common approaches, address gaps, and 

avoid redundancy in research and 

management efforts. 

Source: West Coast EBM Network (2010) 
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may be difficult to attain agreement among all parties.
1452

 Redefining riverine flood hazard zones to match 

projected expansion of flooding frequency and extent protects riverine systems and zones, but may impact 

flood insurance or require changing zoning ordinances, which can be difficult.
1453

 

Create a regional sediment management (RSM) plan 

There is not a simple relationship between sea level rise and horizontal movement of the shoreline, and 

sediment budget approaches are most useful to assess beach response to climate change.
1454

 A RSM 

considers the entire watershed, including upstream reaches, but requires more coordination across 

regions, including private lands.
1455

 Any regional sediment management effort should include an 

emphasis on the beneficial use of dredged material.
1456

 A sediment management program that recognizes 

sediment as a valuable resource and links needs with appropriate opportunities will be the most effective 

at reducing economic and environmental losses associated with climate change.
1457

 Beneficial use of 

dredged material involves using sediment dredged from waterways for a productive purpose, such as 

beach nourishment, habitat restoration and development, public access facilities, and shore protection 

structures (e.g., levees and dikes), among other things.
1458

  

Integrate coastal management into land use planning  

Integrating coastal management into land use planning allows conservation and management goals to be 

incorporated into land use planning, although it can be difficult to have local and state agencies agree or 

to address private property rights.
1459

 Ecosystem-Based Management (EBM), Integrated Coastal Zone 

Management (ICZM), and Coastal and Marine Spatial Planning (C(MSP)) are common coastal 

management systems: 

 Ecosystem-Based Management (EBM) is an integrated approach to management that considers 

the entire ecosystem, including humans.
1460

 The goal of ecosystem-based management is to 

maintain an ecosystem in a healthy, productive and resilient condition so that it can provide the 

services humans want and need.
1461

 Ecosystem-based management differs from current 

approaches that usually focus on a single species, sector, activity or concern; it considers the 

cumulative impacts of different sectors.
1462

 Specifically, ecosystem-based management: 
 

o Emphasizes the protection of ecosystem structure, functioning, and key processes; 

o Is place-based in focusing on a specific ecosystem and the range of activities affecting it; 
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 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 14) 
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1454
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 Verbatim or nearly verbatim from West Coast Ecosystem-Based Management Network. Community-based 

management of coastal ecosystems: Highlights and lessons of success from the West Coast Ecosystem-Based 

Management Network (pdf; website). (2010, p. 2) 
1461

 Verbatim or nearly verbatim from West Coast Ecosystem-Based Management Network. (2010, p. 2) 
1462

 Verbatim or nearly verbatim from West Coast Ecosystem-Based Management Network. (2010, p. 2) 
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o Explicitly accounts for the interconnectedness within systems, recognizing the 

importance of interactions between many target species or key services and other non-

target species;  

o Acknowledges interconnectedness among systems, such as between air, land and sea; and  

o Integrates ecological, social, economic, and institutional perspectives, recognizing their 

strong interdependences.
1463

 

 Integrated Coastal Zone Management, (ICZM) is a mechanism for bringing together the 

multiplicity of users, stakeholders, and decision-makers in the coastal zone in order to secure 

more effective ecosystem management whilst achieving economic development and intra- and 

inter-generational equity through the application of sustainability principles.
1464

 It considers all 

stakeholders in planning and balancing objectives, and can address all aspects of climate 

change.
1465

 However, stakeholders willing to compromise and more effort in planning are 

needed.
1466

 The ICZM approach is generally facilitated through existing terrestrial and marine 

territorial planning legislation and mechanisms, where these exist.
1467

 

 (Coastal and) Marine Spatial Planning, (C(MSP)) is a public process of analyzing and 

allocating the spatial and temporal distribution of human activities in marine areas to achieve 

ecological, economic, and social objectives that are usually specified through a political 

process.
1468

 Partners and stakeholders in The Pacific North Coast Integrated Management Area 

(PNCIMA), located along the Central and North Coast of British Columbia, are incorporating 

CMSP into their integrated management approach.
1469

 Characteristics of effective marine spatial 

planning include: 

o Ecosystem-based, balancing ecological, economic, and social goals and objectives toward 

sustainable development;  

o Integrated, across sectors and agencies, and among levels of government; 

o Place-based or area-based; 

o Adaptive, capable of learning from experience; 

o Strategic and anticipatory, focused on the long-term;  

o Participatory, stakeholders actively involved in the process.
1470

 

Community planning 

Local-level planning and involvement are key to achieving on-the-ground implementation of adaptation 

strategies.
1471

 Although international and national action are needed to address broad policies and reform, 

Gregg et al. (2011) note community planning and management have greater effects on local resources 

                                                      

1463
 Verbatim or nearly verbatim from West Coast Ecosystem-Based Management Network. (2010, p. 2). The 
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 Verbatim or nearly verbatim from Ramsar Convention Secretariat. Coastal management: Wetland issues in 

Integrated Coastal Zone Management (pdf; website). (2007, p. 23) 
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1470

 Verbatim or nearly verbatim from Ehler and Douvere. (2009, Box 4, p. 18) 
1471
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through land use planning and zoning.
1472

 Building local capacity is especially important for dealing with 

disaster risk management and gaining stakeholder support for action.
1473

 

Ensure that wildlife and biodiversity needs are considered as part of the broader societal 

adaptation process 

Modern wildlife professionals and natural resource managers are aware that management activities take 

place within a broader societal context, and that the broader society must be supportive in order for 

management to succeed.
1474

 Managers can take proactive steps to engage local and regional government 

entities in adaptation planning, thereby ensuring that the needs of wildlife and natural resources are 

included at the start of these discussions.
1475

 

  

                                                      

1472
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 62) 

1473
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 62) 

1474
 Verbatim or nearly verbatim from Heinz Center (2008, p. 32) 

1475
 Verbatim or nearly verbatim from Heinz Center (2008, p. 32)  

Case Study 2. Planning for Sea level Rise in Olympia, WA. 

Climate stressors addressed: Sea level rise  

Lower downtown Olympia sits on reclaimed land created with hydraulic fill that abuts Budd Inlet, a 
tidally-influenced southern arm of Puget Sound. On average, downtown Olympia is 18 to 20 ft above 
sea level but, Budd Inlet can have tides that reach a maximum height of 18 ft. To assess the impacts sea 
level rise could have on downtown Olympia, the city invested in high resolution Light Detection and 
Ranging (LiDAR) elevation data and used the LiDAR maps to run flooding simulations during high 
tides and storms at 0.5 ft incremental increases in sea level relative to its current level. The City also 
invested in geological monitoring equipment to monitor land subsidence or uplifting and plans to install 
local tide gauges. The City is considering both short- and long-term adaptation strategies to enhance 
their resilience to sea level rise. Short-term strategies include: consolidate the number of stormwater 
outfalls by half to ease future management; finer scale SLR simulations; enact a new SEPA requirement 
to raise floor elevations that house critical resources in all new buildings; and, continue monitoring 
changes in land elevation. Long-term strategies include: update City comprehensive plans to address 
climate change impacts, including SLR; support state and federal officials in developing 
guidelines/regulations to assist the adaptation of local communities; and, create an institutional 
framework to work on climate change problems.  

Source: Climate Action Knowledge Exchange, http://www.cakex.org/case-studies/683 (accessed 12.14.2010) 

http://www.cakex.org/case-studies/683
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5. CLIMATE ADAPTATION ACTIONS – INFRASTRUCTURE AND 

DEVELOPMENT 

This section addresses threats to the coastal built environment and other infrastructure from sea level rise, 

storms, changes in precipitation, and increased flooding.
1476

  

Make infrastructure resistant or resilient to climate change 

This strategy involves the consideration of climate change in both the planning of new or retrofitting of 

existing infrastructure, including stormwater systems, transportation, water supply, or buildings.
1477

 

Examples include: 

 Design new coastal drainage system: While many systems need to be restructured, planning and 

construction can be very costly and time-consuming.
1478

 

 Incorporate climate change impacts, including sea level rise into planning for new 

infrastructure: Engineering could be modified to account for changes in precipitation or seasonal 

timing of flows and siting decisions could take into account sea level rise.
1479

 The long-term 

functional integrity of structures (e.g. sewage systems) is preserved and contamination of the 

water supply is prevented.
1480

 However, measures can be costly
1481

 and land owners will likely 

resist relocating away from prime coastal locations.
1482

 

 Protect water supply systems from saltwater contamination: Sea level rise and flooding will 

cause saltwater intrusion, increasing the salinity of surface and ground water.
1483

 Increased 

salinity can also harm intolerant plant and animal species.
1484

 Water management responses are 

needed to deal with saltwater intrusion and salinization of water supplies; these responses may 

include regulation of water quality and supply, monitoring to track saltwater intrusion, and water 

treatments such as desalination.
1485

 

 Incorporate wetland protection into infrastructure planning: The incorporation of wetland 

protection in transportation planning, sewer utilities, and other infrastructure planning helps 

protect infrastructure.
1486

 It may also help maintain water quality and preserve habitat for 

vulnerable species.
1487

 

 Develop adaptive stormwater management practices: Adaptive stormwater practices such as 

removing impervious surface and replacing undersized culverts minimize pollutant and nutrient 
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overloading of existing wetlands.
1488

 Further, promoting natural buffers and adequately sizing 

culverts preserves natural sediment flow and protects water quality of downstream reaches.
1489

 

However, they may require costly improvements.
1490

  

 Manage realignment and deliberately realign engineering structures: Realignment of 

engineering structures affecting rivers, estuaries, and coastlines could reduce engineering costs, 

protect ecosystems and estuaries, and allow for natural migration of rivers.
1491

 However, it can be 

costly.
1492

 

Create or modify shoreline management measures 

Planners and developers often use shoreline hardening to address erosion and sea level rise issues.
1493

 

Shoreline armoring structures, such as rip-rap, concrete, and bulkheads, can require the removal of native 

vegetation and soils, and can also impede natural processes and the movement of wildlife that utilize the 

shoreline as migration corridors.
1494

 Alternatives outlined by Gregg et al. (2011) include land or structure 

elevation (e.g., rebuilding or modifying infrastructure in high-risk coastal areas) and constructing “living 

shorelines” (e.g., planting vegetation to stabilize banks and reduce erosion).
1495

 This strategy involves 

removing shoreline hardening structures, restoring coastal vegetation to minimize erosion, and 

encouraging low impact development along shorelines.
1496

 Living shorelines are described next, while the 

remaining strategies are discussed in Section 7 of this Chapter: “Climate adaptation actions – species and 

habitat conservation, restoration, protection and natural resource management.” 

Living shorelines   

In low- to medium-energy coastal and estuarine environments and tidally influenced creeks, streams, and 

rivers, living shorelines can be effective alternatives to shore protection structures in efforts to restore, 

protect, and enhance the natural shoreline and its environment.
1497

 Living shorelines use stabilization 

techniques that rely on vegetative plantings, other organic materials (e.g., biologs, matting), and sand fill 

or a hybrid approach combining vegetative planting with low rock sills or footers, living breakwaters 

(e.g., oysters), or other shore protection structures designed to keep sediment in place or reduce wave 

energy.
1498

 NOAA (2010) describes a number of benefits to living shorelines in their climate change 

planning guide for state coastal managers.
1499

 Specifically, they:  

 Maintain natural shoreline dynamics and sand movement;  

 Trap sand to rebuild eroded shorelines or maintain the current shoreline;  

                                                      

1488
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 20) 

1489
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 15) 

1490
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 20) 

1491
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 11) 

1492
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 11) 

1493
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 64) 

1494
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 64). The authors cite NRC (2002) for this information. 

1495
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 64) 

1496
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 65) 

1497
 Verbatim or nearly verbatim from NOAA. (2010, p. 80) 

1498
 Verbatim or nearly verbatim from NOAA. (2010, p. 80-81) 

1499
 Verbatim or nearly verbatim from NOAA. (2010, p. 81) 
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 Provide important shoreline habitat;  

 Reduce wave energy and coastal erosion;  

 Absorb storm surge and flood waters; 

 Filter nutrients and pollutants from the water;  

 Maintain beach and intertidal areas that offer public access;  

 Are aesthetically pleasing;  

 Allow for landward migration as sea levels rise;  

 Absorb atmospheric carbon dioxide;  

 Are less costly than shore protection structures
1500

 

The techniques and materials used will depend on site-specific needs and characteristics.
1501

 Much of the 

site-specific information needed is similar to that for establishing coastal development setbacks, carrying 

out beach nourishment, and implementing other shoreline stabilization measures.
1502

 The U.S. Agency for 

International Development (2009) provides some design considerations and information needs including: 

 Define the problem (episodic or chronic erosion) and scale of the shoreline region of concern.
1503

 

Analyze historical erosion rates, evaluate the condition of adjacent shorelines, and identify 

potential future problems related to sea level rise, storm frequency, and intensity.
1504

 

 Determine the (current and future) exposure of the shoreline from wind generated waves (referred 

to as fetch) as well as boat wakes, tidal ranges, and currents.
1505

 This will help to verify that it is a 

low to medium energy environment.
1506

  

 Assess whether vegetation (upland, intertidal, subtidal) alone can address the problem, or if 

structural components (sand, stone) must be added in order to dampen wave energy and exposure 

to the shore.
1507

  

 Where feasible, employ an ecosystem approach—one that links subtidal, intertidal and upland 

protection and restoration initiatives.
1508

 Consider the potential for landward transgression of 

vegetation with sea level rise.
1509

  

 Some erosion-controlling vegetation have very slow growth rates.
1510

 It may be necessary to take 

interim measures that involve the use of sand and stone or organic materials.
1511

 

  

                                                      

1500
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6. CLIMATE ADAPTATION ACTIONS – GOVERNANCE, POLICY, AND LAW  

Local, regional, and national governments play important roles in many climate change policies and 

provide support to resource managers, conservation practitioners, and communities.
1512

 Many projected 

climate impacts will have transboundary effects and require multilateral adaptation efforts.
1513

 The 

sections below describe components of governance, policy, and law. 

Note: Governance is not distinguished clearly from policy and law, as evidenced by the incorporation of 

policy and/or law into wide-ranging definitions of governance.1514  

Managed retreat of built infrastructure, relocation of people/communities 

Some communities in low-lying coastal areas will be disproportionately affected by sea level rise and 

erosion.
1515

 These effects may require managed retreat of built infrastructure and/or relocation of people 

and communities.
1516

 Gregg et al. (2011) state this approach requires identification of high risk areas and 

cost-benefit analyses to determine if retreat and relocation are less costly options than installing, 

improving, and maintaining shoreline armoring structures.
1517

 

Develop a disaster preparedness plan 

Coastal hazards, such as erosion, landslides, and extreme weather events, can harm people and property; 

climate change is projected to exacerbate these effects in both frequency and magnitude.
1518

 Disaster 

preparedness plans can help coastal communities identify risks and vulnerabilities and develop options for 

response and recovery.
1519

 

Maintain adequate financial resources for adaptation 

Economic barriers are frequently cited by groups as reasons for not taking adaptation action.
1520

 Gregg et 

al. (2011) suggest that if adaptation activities focus on building climate change into existing efforts or 

frameworks (e.g., incorporating climate projections into bridge designs or harvest limits), ensuring 

adequate financing for adaptation means simply ensuring that project budgets reflect any needed 

additional funding (e.g. more materials needed for a higher bridge, or downscaled climate models).
1521

 

Climate adaptation actions undertaken as a new and distinct set of activities (e.g., scenario planning 

exercises) will require new and distinct funding.
1522

 Increased and sustainable funding sources can help 

                                                      

1512
 Verbatim or nearly verbatim from Gregg et al. (2011, p. 67) 
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 Verbatim or nearly verbatim from Gregg et al. (2011, p. 67) 

1514
 United Nations Economic and Social Council. Committee of Experts on Public Administration (Fifth Session). 

Definition of basic concepts and terminologies in governance and public administration (pdf, website). (2006). 
1515

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 67) 
1516

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 67) 
1517

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 67) 
1518

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 68) 
1519

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 68) 
1520

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 69) 
1521

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 69) 
1522

 Verbatim or nearly verbatim from Gregg et al. (2011, p. 69) 
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organizations and governments overcome financial constraints and adapt to changing environmental 

conditions.
1523

 Gregg et al. (2011) identify specific funding sources: 

 Grants and loans: Some adaptation actions require up-front financial investment but more than 

pay for themselves in reduced long-term expenditures, meaning that grants or loans may be 

appropriate sources of financing.
1524

 Grants can also provide short-term funds for strategy 

development and testing, but over the longer term it is important to diversify, for instance by 

building support for governmental adaptation funding, forging new partnerships, or reworking 

organizational budgets.
1525

 

 Endowments: Establishing endowments (e.g., the $90 million provincial endowment that 

established the Pacific Institute for Climate Solutions in British Columbia) can provide more 

stable funding than year-by-year funding.
1526

 

Develop/implement adaptive management plans 

Because of the uncertainty about climate change, its effects, and appropriate management responses, 

Gregg et al. (2011) suggest adaptive management policies and plans can play an important role in climate 

change adaptation (although adaptive management is not inherently linked to climate adaptation).
1527

 

Adaptive management involves testing hypotheses about system function and management efficacy and 

adjusting behavior and actions based on experience and actual changes (Box 19).
1528

  These decisions can 

be either active or passive; active adaptive management involves experimenting with multiple options in 

order to determine the best strategy, while passive adaptive management requires selecting and 

implementing one option and monitoring to determine if changes are needed.
1529

 

Review existing laws, regulations, and policies 

This strategy would initiate a review of all applicable laws, regulations, and other public policies related 

to wildlife management, natural resource management, and biodiversity conservation.
1530

 Many of these 

laws and regulations are decades old, and most were developed before climate change became a 

significant concern.
1531

 The Heinz Center (2008) notes actually addressing the deficiencies that are 

identified through these reviews may be difficult without significant political will to overcome 

institutional inertia.
1532

 There will likely be significant concern expressed from all sides about any 

sweeping revisions to existing laws and regulations.
1533
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Create new or enhance existing policy 

Legislation, regulations, agreements, and enforcement policies at local, regional, national, and 

international levels can be created or enhanced to support climate adaptation action.
1534

 New legislative 

tools or regulations may be necessary to address specific climate change impacts.
1535

 For example, given 

that existing wildlife and biodiversity legislation is often decades old, new legislative or regulatory 

approaches may very well be needed to address specific effects or challenges associated with climate 

change.
1536

 There are also opportunities to use existing regulatory frameworks to support conservation and 

management efforts to decrease the vulnerability of natural and human systems,
1537

 provided that the 

program managers are given the flexibility needed to directly address climate threats.
1538

 

Create permitting rules that constrain locations for landfills, hazardous waste dumps, mine 

tailings, and toxic chemical facilities  

Zoning regulations may allow zoning to protect estuaries and coastal zones, but can be difficult to 

enact.
1539

 

Setbacks  

A coastal development setback may be defined as a prescribed distance to a coastal feature, such as the 

line of permanent vegetation, within which all or certain types of development are prohibited.
1540

 The 

U.S. Agency for International Development (2009) state setbacks create a buffer between shoreline 

development and the sea that provides some protection against the destructive effects of erosion or land 

loss resulting from accelerated sea level rise or increased storm activity.
1541

 Setbacks are designed to 

minimize damage from erosion and increase public access to beaches.
1542

 Often setbacks contain a buffer 

zone.
1543

 They also help maintain natural shore dynamics and shorefront access—both of which are 

critical in changing shoreline conditions.
1544

 One potential issue with the use of setbacks is that once the 

water level reaches the setback, there is, in essence, an implicit contract that landowners will be able to 

build seawalls to protect their homes.
1545
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1545

 Verbatim or nearly verbatim from Kling and Sanchirico. An Adaptation Portfolio for the United States Coastal 

and Marine Environment. (2009, p. 46). The authors cite Caldwell and Segall (2007) for this information. 



  
203 

Setbacks require information that is similar in kind to living shorelines and non-structural shoreline 

protection:
1546

  

 Conduct an analysis of beach dynamics, shoreline ecology and historical erosion rates before 

establishing setbacks.
1547

   

 Set up basic beach profile monitoring transects to determine erosion rates—long term data sets 

will be more accurate to characterize shoreline dynamics.
1548

   

 When evaluating historical rates (from maps, beach profiles, traditional knowledge), determine if 

the rates of erosion have changed from one decade to the next.
1549

  Also determine if changing 

trends are the result of climate change factors (changes in storm activity or sea level elevations) 

or man-made causes (e.g. removal of wetlands, construction of shoreline erosion control 

structures or local land subsidence).
1550

   

 Observe characteristics of the beach profile from seasonal changes and current climate variability 

(e.g. El Niño).
1551

  Consider the stability of landforms (barrier beaches, dunes, bluffs) and the 

potential changes that may result from accelerated sea level rise, increased storm activity and 

subsequent erosion.
1552

 

Rolling easements  

Rolling easements are a more flexible approach than setbacks and are intended to induce property owners 

to yield to advancing shorelines or wetlands.
1553

 They are a type of easement that prevent property owners 

from holding back the sea and moves or “rolls” with the rising seas.
1554

 The advantages of a rolling 

easement are: (1) the lack of disturbance of sedimentation transport; (2) the potential for wetlands and 

other tidal habitat to migrate unimpeded; and (3) continued public access to the shore.
1555

 A rolling 

easement can be implemented by statute, the permitting process, and eminent domain actions.
1556

  

  

                                                      

1546
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7. CLIMATE ADAPTATION ACTIONS – SPECIES AND HABITAT 

CONSERVATION, RESTORATION, PROTECTION AND NATURAL 

RESOURCE MANAGEMENT 

Addressing adaptation in management and conservation is necessary to deal with the actual and potential 

effects of climate change on ecosystems and the functions and services they provide.
1557

 Climate change 

may have negative and positive effects on wildlife and habitat.
1558

 Climate change may also interfere with 

the ability of ecosystems to withstand change.
1559

 Managers and conservation practitioners can decrease 

ecosystem vulnerability by directly addressing expected climate change effects in policies and plans or by 

reducing the stressors that can exacerbate climate impacts.
1560

 The sections below describe components of 

species and habitat conservation, restoration, protection, and natural resource management. 

Maintain shorelines  

NOAA (2010, 2011) and the U.S. EPA (2007, 2009) describe several options available to help maintain 

shorelines in a changing climate: 

 Create dunes along backshore of beach: In addition to serving as buffers against erosion and 

flooding, which they do by trapping windblown sand, storing excess beach sand, and protecting 

inland areas against wave runup and overwash, dunes also provide habitat for wildlife.
1561

 Dune 

restoration is relatively inexpensive and entails the use of dune grass and other types of native 

vegetation and sand fences to capture shifting and blowing sands and stabilize dunes.
1562

 Dunes 

may be restored or created in conjunction with a beach nourishment project or may be managed 

as part of a separate effort.
1563

 Since dunes and beaches are interdependent, dune management 

should be incorporated into a strategy that considers the broader coastal system.
1564

 The use of 

vegetation and sand fences to build and stabilize dunes is not a quick fix, will only be effective 

under certain conditions, and may not be effective as a way of encouraging the growth of new 

dunes where dunes did not exist in the past.
1565

 

 Install natural or artificial breakwaters: Along energetic estuarine shorelines, oyster beds and 

other natural breakwaters, rock sills, artificial reefs, and other artificial breakwaters protect 

shorelines and marshes and inhibit erosion inshore of the reef.
1566

 They also induce sediment 

deposition.
1567

  Artificial reefs, for example, are constructed of a wide variety of man-made 

materials and placed underwater to restore, create, or enhance ecosystems, typically as a fisheries 

management tool.
1568

 The use of artificial reefs is a complex issue that requires planning, long-
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term monitoring, and evaluation to ensure the anticipated benefits are derived.
1569

 There is still 

considerable debate on how artificial reefs impact the natural aquatic community into which they 

are introduced.
1570

 Further, artificial breakwaters may not be sustainable in the long-term, because 

breakwaters are not likely to provide reliable protection against erosion in major storms.
1571

 They 

may require encroachment bayward or riverward, usually beyond the property limit, complicating 

the process for obtaining permits for construction.
1572

 

 Remove shoreline hardening structures: Shoreline modifications, such as bulkheads or seawalls, 

tend to harm habitat through the conversion of tidelands to uplands.
1573

 Modification also 

indirectly affects habitat by altering nearshore processes.
1574

 Removing hard structures such as 

bulkheads, dikes, and other engineered structures allows for shoreline migration, but may be 

costly for, and destructive to, shoreline property.
1575

 

 Plant submerged aquatic vegetation: Submerged aquatic vegetation such as seagrass beds 

dampen wave energy, stabilize sediments, improve water quality, and provide food and shelter for 

marine organisms.
1576

 When used in conjunction with other living shoreline components such as 

marsh grasses, a natural shoreline buffer is created that reduces coastal erosion and stabilizes 

sediments via root growth.
1577

  However, seagrasses may diminish in winter months, when wave 

activity is often more severe because of storms.
1578

 Light availability is essential.
1579

 

 Create marsh: Planting the appropriate species – typically grasses, sedges, or rushes – in the 

existing substrate provides a protective barrier, and maintains and often increases habitat.
1580

 For 

example, marsh grasses dissipate wave energy, filter upland runoff, and improve habitat for fish 

and wildlife.
1581

 Native grasses are planted in the water and at the mean high tide mark in the 

intertidal zone.
1582

 Marsh grasses may be more successful if they are planted in the spring in areas 

where there is evidence of existing marsh, where there is less than three miles of open water, and 

where the prevailing winds will not cause destruction of the newly planted grasses.
1583

 Conditions 

must be right for the marsh to survive (e.g. sunlight for grasses, calm water) and the marsh may 

be affected by seasonal changes.
1584
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 Land exchange and acquisition: Land exchange and acquisition programs allow for coastal land 

to be freed up for preservation uses.
1585

 For example, a land acquisition program could purchase 

coastal land that is damaged or prone to damage and use it for conservation.
1586

 Benefits of land 

acquisition include providing a buffer to inland areas and preventing development on the land.
1587

 

Constraints include costs and the availability of land to purchase.
1588

 A land exchange program, 

such as a conservation easement, typically transfers some development and management options 

– such as the right to subdivide or to cut trees – from the landowner to a nonprofit or 

governmental organization that holds those rights.
1589

 The landowner reserves certain rights, such 

as the right to build additional homes or add roads and also continues to own the property and 

manage it within the bounds set by the easement.
1590

 The easement holder is responsible for 

monitoring and enforcing easement specifications.
1591

 Benefits of land exchange programs 

include the preservation of open space and making more land available to protect estuaries.
1592

 

One constraint is that if an easement requirement cannot be readily monitored, it likely cannot be 

enforced.
1593

  

Maintain sediment transport 

Sediment management is an important aspect of shoreline management and supports some of the other 

measures discussed in this category and the previous.
1594

 It requires an understanding of sedimentation 

processes in the management area, recognizes the importance of sand and other sediments in protecting, 

maintaining, and restoring the shoreline and its associated waters and ecosystems, and incorporates 

activities affecting the erosion, transport, deposition, and removal of sediment.
1595

 These activities include 

dredging and placing sediment, building shore protection structures and other structures that trap or divert 

sediment, and mining:
1596

 

 Trap or add sand through beach nourishment: Beach nourishment is the addition of sand to a 

shoreline to enhance or create a beach area, which creates protective beach for inland areas and 

replenishes sand lost to erosion.
1597

 To maintain beaches, nourishment activities must be done 

repeatedly, as they treat only the symptoms and not the causes of the erosion.
1598

 There are also 

high costs associated with importing beach material.
1599

 However, even though beach 

nourishment efforts are typically costly and of uncertain value as a long‐run solution to rising 
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seas, they are among the only tools available to protect certain coastal wetlands and pre-existing 

communities.
1600

   

 Trap sand through construction of groins: Groins are a barrier-type structure that traps sand by 

interrupting longshore transport.
1601

 This creates a more natural shore face than bulkheads or 

revetments and is a quick fix.
1602

 However, it can trigger or accelerate erosion on the downdrift 

side and loss of beach habitat.
1603

 

 Reduce the diversion of water into channels and other stream diversions: This permits adequate 

sedimentation flows to build up coastal wetlands.
1604

 Policies to increase sedimentation flows are 

weighed against the possibility that they may contradict policies meant to reduce the increased 

variability of precipitation on agricultural and drinking water supplies.
1605

  

 Promote wetland accretion by introducing sediment: Promoting wetland accretion by 

introducing sediment helps maintain sediment transport to wetlands, which helps protect coastal 

land from storms.
1606

 However, it requires continual management and can be very costly.
1607

 

Maintain water quality  

Two options identified by the U.S. EPA (2009) to help maintain water quality in a changing climate are: 

 Plug drainage canals: Plugging drainage canals prevents subsidence-inducing saltwater intrusion 

and protects land subject to flooding.
1608

  However, it may eliminate transportation routes.
1609

  

 Prevent or limit groundwater extraction from shallow aquifers: Preventing or limiting 

groundwater extraction reduces relative sea level rise by preventing subsidence and reducing 

saltwater intrusion into freshwater aquifers.
1610

 However, an alternative water source may need to 

be found.
1611

 

                                                      

1600
 Verbatim or nearly verbatim from Kling and Sanchirico. (2009, p. 43) 

1601
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 14) 

1602
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 14) 

1603
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 14) 

1604
 Verbatim or nearly verbatim from Kling and Sanchirico. (2009, p. 43) 

1605
 Verbatim or nearly verbatim from Kling and Sanchirico. (2009, p. 43) 

1606
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 12) 

1607
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 12) 

1608
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 19) 

1609
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 19) 

1610
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 19) 

1611
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 19) 
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Preserve habitat for vulnerable species  

Several options are available to help preserve habitat for vulnerable species in a changing climate. 

Establish, expand, and/or connect protected areas and refugia  

A number of studies provide evidence of elevated biodiversity within protected areas, with the greatest 

benefit accruing to nonmigratory species.
1612

 For example, effectively managed Marine Protected Areas 

(MPAs) can be used to strategically target habitats and geographic areas that are critical to maintaining 

ecosystem goods (such as fisheries) and services (such as coastal protection, tourism and recreational 

use).
1613

 MPAs are defined by the World Conservation Union (IUCN) as any area of intertidal or subtidal 

terrain, together with its overlaying waters, and associated flora, fauna, historical and cultural features, 

which has been reserved by law or other effective means to protect part, or all, of the enclosed 

environment.
1614

 MPAs can be embedded within larger management and zoning efforts - such as coastal 

zone management, seascapes or networks of MPAs - or used as a stand-alone measure.
1615

 Ideally, MPAs 

should be part of a larger management effort, but the lack of resources and capacity often necessitate a 

more limited and targeted approach.
1616

 Regardless of their size or configuration, most MPAs use zoning 

schemes to designate certain areas for particular human uses or for ecological reserves.
1617

 Most MPAs 

include at least one core area within which all extractive and direct impact activities such as fishing and 

boat anchoring are prohibited.
1618

 To design MPAs, Hoffman (2003), Kling and Sanchirico (2009), and 

U.S. AID (2009) suggest the following information may be gathered or incorporated: 

 Compile or develop resource maps that depict key habitat, species location, and population and 

migration patterns.
1619

 For example:  

o Map habitat types including location, area covered, structural elements (sand, kelp 

forests, seagrass beds, boulders, etc.), and functional elements (e.g. spawining grounds 

for particular species, nursery grounds, etc.).
1620

  

o Identify key biotic and abiotic variables controlling species distribution in the region, and 

how they will be affected by climate change.
1621

  

o Identify the areas that may be more resilient to sea surface temperature change, or can 

help mitigate against sea level rise or increased frequency of storms.
1622

  

o Account for the likelihood that species ranges—at least the ranges of mid-latitude 

species—will move toward the poles as the oceans warm.
1623

  

                                                      

1612
 Verbatim or nearly verbatim from Kling and Sanchirico. (2009, p. 40). The authors cite Halpern (2003) for this 

information. 
1613

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 83) 
1614

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 83) 
1615

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 83) 
1616

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 83) 
1617

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 83) 
1618

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 83) 
1619

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 84) 
1620

 Verbatim or nearly verbatim from Hoffman. Designing reserves to sustain temperate marine ecosystems in the 

face of global climate change. (2003, p. 146) 
1621

 Verbatim or nearly verbatim from Hoffman. (2003, p. 146) 
1622

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 84) 
1623

 Verbatim or nearly verbatim from Kling and Sanchirico. (2009, p. 40) 
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 Identify nearshore currents and source and sink areas for seeds/larvae to replenish species in the 

MPA.
1624

  

 Determine if there are areas with reduced water circulation, upwelling and high sea surface 

temperatures, which might be increasingly vulnerable to climate change.
1625

  

 Design reserves to provide temperature refugia.
1626

 While shifting habitats to greater depth and 

higher latitudes is one way of finding cooler temperatures, most regions have identifiable “hot 

spots” and “cold spots” due to factors such as upwelling, shade, subhabitats, timing of tides, and 

freshwater input.
1627

 Designing reserves to include “cold spots” may reduce thermal stress from 

climate change.
1628

 

 Establish reserves in transitional zones between biogeographic regions as well as in core areas 

and add an “insurance factor” to reserve size calculations.
1629

 As climate changes, the “best” area 

for a species may shift away from what had been the core of its range.
1630

 An insurance factor is 

extra area added to the reserve, and assures that a reserve’s function goals are met despite 

catastrophes.
1631

 Such an approach could also be effective in buffering against possible effects of 

climate change, and would work well in conjunction with other hedging approaches.
1632

  This 

approach may be ineffective in protecting many spatially restricted habitats and ecosystems.
1633

 

 Design reserves based on features of the environment unlikely to change (e.g. physiographic 

features such as topography) and that show resistance and resilience to climate change.
 1634

 

 Determine the types and intensities of resource uses and identify stakeholder dependency on 

fishing, tourism, and mining in the area.
1635

 Identify existing community resident perceptions of 

resource access and use rights.
1636

  

 Identify the larger watersheds and river systems affecting the MPA, nearby human settlements 

and up-current sources of pollutants.
1637

  

 Determine which species and habitats are most vulnerable currently and in the future.
1638

 

Determine representative and replicate sites as insurance against future impacts.
1639

 

Design estuaries with dynamic boundaries and buffers  

Buffers are land use regulations designed to reduce the impacts of land uses (e.g., development) on 

natural resources by providing a transition zone between a resource and human activities.
1640

 Ecological 

                                                      

1624
 Verbatim or nearly verbatim from U.S. AID. (2009, p. 84) 

1625
 Verbatim or nearly verbatim from U.S. AID. (2009, p. 84) 

1626
 Verbatim or nearly verbatim from Hoffman. (2003, p. 140) 

1627
 Verbatim or nearly verbatim from Hoffman. (2003, p. 140). The author cites Helmuth et al. (2002) for 

information on hot and cold spots. 
1628

 Verbatim or nearly verbatim from Hoffman. (2003, p. 140) 
1629

 Verbatim or nearly verbatim from Hoffman. (2003, p. 140-141) 
1630

 Verbatim or nearly verbatim from Hoffman. (2003, p. 140) 
1631

 Verbatim or nearly verbatim from Hoffman. (2003, p. 141) 
1632

 Verbatim or nearly verbatim from Hoffman. (2003, p. 141) 
1633

 Verbatim or nearly verbatim from Hoffman. (2003, p. 141) 
1634

 Verbatim or nearly verbatim from Hoffman. (2003, p. 142) 
1635

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 84) 
1636

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 84) 
1637

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 84) 
1638

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 84) 
1639

 Verbatim or nearly verbatim from U.S. AID. (2009, p. 84) 
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buffer zones (buffers) are similar to setbacks (and may be included within setbacks), but are typically 

designed to protect the natural, rather than the built, environment.
1641

 By protecting natural resources, 

buffers protect the natural and beneficial functions those resources provide.
1642

 Protective services include 

providing habitat and connectivity; minimizing erosion and flooding by stabilizing soil, providing flood 

storage, and reducing flood velocities; and improving water quality through filtration of harmful 

sediment, pollutants, and nutrients.
1643

 Buffers also protect breeding and foraging habits of highly 

migratory species.
1644

  

Typically, buffers are maintained in their natural vegetative state and activities such as vegetation 

removal, soil disturbance, and construction are restricted or prohibited.
1645

 As climate changes, buffers 

will also be able to support inland wetland migration as well as carbon sequestration.
1646

 NOAA (2010) 

notes the effectiveness of any buffer will depend on several factors, including size, elevation, vegetation, 

slope, soil, permitted activities, adjacent land uses, stormwater flow, and erosion rate.
1647

  In addition, 

effectiveness will also be dependent on property owner compliance and the monitoring and enforcement 

of buffer regulations.
1648

  In highly developed areas, boundaries may already be unmovable.
1649

 

Connect landscapes with corridors to enable migrations  

The highly fragmented nature of today’s landscapes has led many conservation biologists to promote 

increasing connectivity among protected areas to enhance movement in a changing climate (e.g., 

connecting protected lands along a coastline).
1650

 Corridors allow for species migration with climate 

change and sustain wildlife biodiversity across the landscape.
1651

 The ability to move through a corridor 

depends on species-specific behavior and habitat affinities.
1652

 Given that many species, with diverse 

habitat requirements and dispersal abilities, will need to move in response to climate change, species-

based corridor approaches may not be adequate or feasible.
1653

 Further, significant effort and resources 

may be required.
1654

 Two additional approaches to increasing connectivity have been proposed. First, 

small stepping-stone reserves can be placed between larger preserves to facilitate movement.
1655

 The 

second approach is to manage the lands or waters between protected areas in ways that allow the most 

species to move through these spaces.
1656

 Such approaches have been referred to as softening or managing 

                                                                                                                                                                           

1640
 Verbatim or nearly verbatim from NOAA. (2010, p. 85) 

1641
 Verbatim or nearly verbatim from NOAA. (2010, p. 85) 

1642
 Verbatim or nearly verbatim from NOAA. (2010, p. 85) 

1643
 Verbatim or nearly verbatim from NOAA. (2010, p. 85) 

1644
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 18) 

1645
 Verbatim or nearly verbatim from NOAA. (2010, p. 85-86) 

1646
 Verbatim or nearly verbatim from NOAA. (2010, p. 86) 

1647
 Verbatim or nearly verbatim from NOAA. (2010, p. 86) 

1648
 Verbatim or nearly verbatim from NOAA. (2010, p. 86) 

1649
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 18) 

1650
 Verbatim or nearly verbatim from Lawler. (2009, p. 83). The author cites Shafer (1999), Noss (2001), Hulme 

(2005), and Welch (2005) for this information. 
1651

 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 24) 
1652

 Verbatim or nearly verbatim from Lawler. (2009, p. 83) 
1653

 Verbatim or nearly verbatim from Lawler. (2009, p. 84). The author cites Hulme (2005) for this information. 
1654

 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 24) 
1655

 Verbatim or nearly verbatim from Lawler. (2009, p. 84) 
1656

 Verbatim or nearly verbatim from Lawler. (2009, p. 84) 
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the matrix.
1657

 Some combination of matrix management, stepping-stone reserves, and corridors will 

likely allow the most movement in response to climate change.
1658

 For further information on reserves, 

please see “Establish, expand, and/or connect protected areas and refugia” in this section. 

 

                                                      

1657
 Verbatim or nearly verbatim from Lawler. (2009, p. 84). The author cites Franklin et al. (1992) and Noss (2001) 

for this information. 
1658

 Verbatim or nearly verbatim from Lawler. (2009, p. 84) 

Case Study 3. Federal, Tribal, and non-profit partners restore and study the Nisqually Delta 
(WA) to promote the recovery and resiliency of a treasured ecosystem in light of climate 
change and other stressors. 

Climate stressors addressed: Increased frequency and severity of storms; SLR 

Tidal wetlands restored by the Nisqually Indian Tribe and the Nisqually National Wildlife Refuge 

represent the largest estuarine restoration project in the Pacific Northwest, furthering the recovery of 

Puget Sound salmon and wildlife populations. Over the past decade, the Refuge and Tribe have 

restored 900 acres of estuarine habitat in the Nisqually Delta.  With close partners, including Ducks 

Unlimited, more than 21 miles of historic tidal sloughs and historical floodplains have been 

reconnected to Puget Sound, increasing potential salt marsh habitat in the southern reach of Puget 

Sound by approximately 55%. The U.S. Geological Survey (USGS), in partnership with the Tribe and 

Refuge, is evaluating habitat development and changes in ecosystem functions associated with large-

scale restoration, by conducting elevation, hydrology, geomorphology, vegetation, birds, fish, and 

invertebrate prey surveys. A sediment budget is being developed for the Delta to assess whether 

sufficient sedimentation will occur and enable the marsh and delta to accrete given present and 

projected rates of sea level rise and historic subsidence. Elevation and sedimentation data using surface 

elevation tables (SETs), feldspar marker horizons, and short cores will be compared to measured 

sediment fluxes through restored channels to quantify sediment transport and delivery.  Vegetation 

development and habitat availability for birds will be evaluated using inundation (calculated from 

elevation and hydrology datasets) and salinity parameters. As the restoration progresses, the Tribe, 

USGS, and partners are also assessing the capacity and functioning of the restoring habitat to support 

salmonids, such as juvenile Chinook (Oncorhynchus tshawytscha). The monitoring and applied research 

forms the basis of models assessing near- and long-term restoration trajectories associated with climate 

and land-use change. These model scenarios can ultimately provide information to help land owners 

and land managers make decisions about future restorations and management in light of climate change 

and other stressors. Furthermore, estuary restoration is coupled with expansion of the Refuge boundary 

by 3,479 acres, providing future opportunities for protection, land acquisition, and upland migration of 

diverse habitats in response to climate change. In conclusion, the Nisqually Delta restorations helps 

promote system resiliency to loss of habitats and biodiversity, climate change effects such as increased 

winter storms, rainfall, and flooding, and rise in sea levels resulting in loss of shoreline areas. 

Produced in collaboration with John Y. Takekawa, Isa Woo & Kelley Turner (USGS Western Ecological Research Center); Eric 
Grossman (USGS Pacific Coastal & Marine Science Center and Western Fisheries Research Center); Jean E. Takekawa & Jesse 
Barham (U.S. Fish and Wildlife Service Nisqually National Wildlife Refuge); and, Christopher Ellings (Nisqually Indian Tribe 
Salmon Recovery Program). 

Sources: www.nisquallydeltarestoration.org ; Tide Returns to Nisqually Estuary (press release); Nisqually NWR CCP; unstructured 
interviews (December 2010 & April, July, & August 2011). All websites accessed 8.23.2011. 

http://www.nisquallydeltarestoration.org/
http://www.fws.gov/home/climatechange/stories/tidereturnstonisquallyestuary.html
http://www.fws.gov/nisqually/management/ccp.html


  
212 

Prohibit or remove hard protection or other barriers to tidal and riverine flow  

The U.S. EPA (2009) states the prohibition or removal of barriers to tidal and riverine flow such as dikes 

may allow species and wetlands to migrate inland.
1659

 Removal of barriers may be costly and destructive 

to shoreline property.
1660

 

Preserve and restore the structural complexity and biodiversity of vegetation in tidal marshes, 

seagrass meadows, and mangroves  

Vegetation protects against erosion, protects mainland shorelines from tidal energy, storm surge, and 

wave forces, filters pollutants, and absorbs atmospheric CO2.
1661

 This helps maintain water quality as well 

as shorelines, and may aid invasive species management.
1662

 

Identify and protect ecologically significant (“critical”) areas  

Protecting critical areas such as nursery grounds, spawning grounds, and areas of high species diversity 

will promote biodiversity and ecosystem services.
1663

 For example, critical areas produce and add 

nutrients to coastal systems, and serve as refugia and nurseries for species.
1664

 However, the U.S. EPA 

(2009) notes federal or state protection may be required.
1665

  

Additional actions  

The following adaptation actions for preserving habitat for vulnerable species were listed by the U.S. 

EPA (2009), but were not described in detail or are described elsewhere in this report: 

 Retreat from, and abandonment of, coastal barriers: This may help protect estuaries, 

allowing them to return to their natural habitat, but may be politically unfavorable due to the 

high value of coastal property and infrastructure.
1666

 

 Purchase upland development rights or property rights: Please see the section “Maintain 

shorelines” for an explanation of land acquisition. 

 Replicate coastal habitat types in multiple areas to spread risks associated with climate 

change: Biodiversity and critical areas are protected, but land may not be available to 

replicate habitats.
1667

 

 Expand land use planning horizons to incorporate longer climate predictions: Longer 

planning horizons could inhibit risky development and provide protection for estuarine 

                                                      

1659
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 12) 

1660
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 12) 

1661
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 13) 

1662
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 13) 

1663
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 13) 

1664
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 13) 

1665
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 13) 

1666
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 17) 

1667
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 18) 
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habitats.
1668

 However, land use plans rarely incorporate hard prohibitions against 

development close to sensitive habitats and have limited durability over time.
1669

 

 Adapt protections of important biogeochemical zones and critical habitats: As the locations 

of critical habitats and biogeochemical zones change with climate, adapting protections 

allows for migration of critical areas, but will require consistent monitoring efforts.
1670

 

Manage invasive species in a changing climate 

In a 2008 report, the EPA’s National Center for Environmental Assessment recommended the following 

initial steps to incorporate climate change into aquatic invasive species management plans: 

 Incorporate climate change considerations into leadership and coordination activities;  

 Identify new aquatic invasive species threats as a result of climate change; 

 Identify ecosystem vulnerabilities and improve methods to increase ecosystem resilience;  

 Evaluate the effectiveness of control mechanisms under changing conditions; and,  

 Manage information systems to include considerations of changing conditions.
1671

 

An aquatic invasive species program that considers climate change would also include a comprehensive 

monitoring system that can detect new aquatic invasive species and changes in existing ones and how 

they affect the management area.
1672

 

                                                      

1668
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 17) 

1669
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 17) 

1670
 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 18) 

1671
 Verbatim or nearly verbatim from NOAA. (2010, p. 92) 

1672
 Verbatim or nearly verbatim from NOAA. (2010, p. 93) 

Case Study 4. Responding to Changes in Seawater Chemistry: The Oyster Emergency Project, 
WA. 

Climate stressors addressed: Ocean acidification, upwelling  

In 2005, shellfish growers began to encounter difficulties in rearing hatchery-produced oyster larvae and 
in successfully setting wild populations of oysters. Preliminary research indicated that increasingly acidic, 
nutrient replete, deep, upwelled waters could be the cause of the increase in oyster mortalities. In 
response to persistently low shellfish harvests from 2005-2008, the Pacific Coast Shellfish Growers 
Association (PCSGA) proposed the “Oyster Emergency Project,” a collaboration between regional 
shellfish growers, NOAA, Oregon State University and The Nature Conservancy. To help shellfish 
growers adapt, PCSGA initiated a targeted research project to identify environmental stressors of oyster 
populations and to isolate genetic stocks of oysters that offer enhanced resilience; four projects were 
proposed. As of December 2009, three of the four projects had been funded: monitoring sea water, the 
genetic study, and developing an assay to detect a harmful bacterium. PCSGA is continuing to look for 
funding for the final project, retrofitting hatcheries. Through the “Oyster Emergency Project” targeted 
research plan, PCSGA hopes to identify short-term solutions that can be implemented within months to 
help shellfish hatcheries adapt to changes in seawater chemistry. The long-term monitoring program will 
allow researchers to specify environmental parameters that retard oyster larval development.  

Source: Climate Action Knowledge Exchange, http://www.cakex.org/case-studies/50 (accessed 12.14.2010) 

http://www.cakex.org/case-studies/50
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Two additional options are available for managing invasive species in a changing climate: 

 Strengthen rules that prevent the introductions of invasive species: Given the extreme difficulty 

and high cost of eradication of self‐sustaining marine non-native invasive species populations, the 

most fruitful avenues for adapting to increased recruitment probability are regulations and 

incentive schemes targeting key introduction pathways, including ballast water, aquaculture, the 

exotic pet and aquarium trade, and the seafood trade.
1673

 Practices that have proven effective in 

combating non-native invasive species introduction through ballast water range from low‐tech 

options, such as ballast water exchange outside of less‐saline estuaries, to biocide and the use of 

treatment facilities, such as those currently in place at California ports.
1674

 No-discharge zones for 

ballast water are another option.
1675

 Ballast water exchange is considered by some to be an 

inadequate response because it is ineffective against species capable of surviving more saline 

water or within drained ballasts.
1676

 Current alternatives that would allow for the treatment of 

ballast water are costly; the cost of retrofitting a single commercial vessel to enable it to interface 

with existing port‐based treatment facilities has been estimated at close to $400,000.
1677

 

 Remove invasive species and restore native species: Local removals of invasives are viable to 

improve marsh characteristics that promote fish and wildlife.
1678

  It may be difficult to implement 

on a larger scale.
1679

 

  

                                                      

1673
 Verbatim or nearly verbatim from Kling and Sanchirico. (2009, p. 41). The authors cite Ruiz et al. (2000b) and 

Williams and Grosholz (2008) for this information. 
1674

 Verbatim or nearly verbatim from Kling and Sanchirico. (2009, p. 41). The authors cite Buck (2006) for this 

information. 
1675

 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 16) 
1676

 Verbatim or nearly verbatim from Kling and Sanchirico. (2009, p. 41) 
1677

 Verbatim or nearly verbatim from Kling and Sanchirico. (2009, p. 41). The authors cite Buck (2006) for this 

information. 
1678

 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 16) 
1679

 Verbatim or nearly verbatim from U.S. EPA. (2009, p. 16) 
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8. STATUS OF ADAPTATION STRATEGIES AND PLANS IN THE STATES, 

PROVINCES, AND SELECTED TRIBAL NATIONS OF THE NPLCC  

Alaska   

To address the impacts of climate change on Alaska, Governor Sarah Palin signed Administrative Order 

238 on September 14, 2007, which established and charged the Alaska Climate Change Sub-Cabinet to 

advise the Office of the Governor on the preparation and implementation of a comprehensive Alaska 

Climate Change Strategy (AO 238).
1680

 The Adaptation Advisory Group (AAG) was charged with 

evaluating and developing options to adapt to climate change.
1681

 The Final Report Submitted by the 

Adaptation Advisory Group to the Alaska Climate Change Sub-Cabinet was released in January 2010. 

The types of recommendations made by the AAG vary.
1682

 The options cover four broad sectors (public 

infrastructure, health and culture, natural systems, and economic activities) and range from new systems 

approaches and institutional structures to adoption of new or revised policies, initiatives, and other 

actions.
1683

  The Sub-Cabinet will consider these, as well as recommendations from the Immediate Action 

Work Group, the Mitigation Advisory Group, and the Research Needs Work Group in the context of other 

complementary efforts.
1684

  A comprehensive Climate Change Strategy for Alaska will then be drafted for 

consideration by the Governor.
1685

 

Yukon Territory 

Within the Yukon Territory (186,272 mi
2
, 482,443 km

2
),

1686
 the only land within the NPLCC region is 

that covered by the Kluane National Park and Preserve (8,487 miles
2
, 21, 980 km

2
; ~4.6% of total area in 

Yukon Territory),
1687

 located in the southwest corner of the Territory. Parks Canada lists impacts in its 

Pacific Coast parks largely consistent with those described in this report for the region: higher 

temperatures, a moderate increase in winter precipitation and drier summers, increased ocean surface 

temperatures, greater storm intensity, and altered ocean currents (please see relevant sections of this 

report for further information).
1688

 Information on climate change adaptation planning for the Kluane 

National Park and Preserve was limited; however, information on adaptation planning by the Government 

of Yukon is described below.  

The Government of Yukon Climate Change Strategy, released in 2006, sets out the government’s role and 

key goals for its response to climate change.
1689

 After its release, Environment Yukon began researching 

and collecting information needed to develop the Yukon Government Climate Change Action Plan, which 

                                                      

1680
 Verbatim or nearly verbatim from AK Department of Environmental Conservation. (2010, Ch 1, p. v-vi)  

1681
 Verbatim or nearly verbatim from AK Department of Environmental Conservation. (2010, Ch 1, p. vi) 

1682
 Verbatim or nearly verbatim from AK Department of Environmental Conservation. (2010, Ch 1, p. vi) 

1683
 Verbatim or nearly verbatim from AK Department of Environmental Conservation. (2010, Ch 1, p. vi) 

1684
 Verbatim or nearly verbatim from AK Department of Environmental Conservation. (2010, Ch 1, p. vi) 

1685
 Verbatim or nearly verbatim from AK Department of Environmental Conservation. (2010, Ch 1, p. vi) 

1686
 Government of Yukon. Executive Council Office: General Facts: Land (website). (2011) 

1687
 Parks Canada. Kluane National Park and Preserve of Canada Management Plan. (2010, p. 3) 

1688
 Verbatim or nearly verbatim from Parks Canada. The Climate is Changing Our National Parks: Impacts on 

Pacific Parks (website). (2009) 
1689

 Verbatim or nearly verbatim from Yukon Government. Government of Yukon Climate Change Strategy. (July 

2006, p. 1) 
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was released February 2009.
1690

 The Climate Change Strategy includes broad goals targeted at enhancing 

the awareness and understanding of climate change impacts, taking measures to reduce the levels of 

greenhouse gas emissions in Yukon, building environmental, social and economic systems that are able to 

adapt to climate change impacts and positioning Yukon as a northern leader for applied climate change 

research and innovation.
1691

 The Action Plan, providing clear direction and action, advances the goals of 

the Climate Change Strategy.
1692

 The four goals outlined in the Action Plan are: (1) enhance knowledge 

and understanding of climate change; (2) adapt to climate change; (3) reduce greenhouse gas emissions; 

and, (4) lead Yukon action in response to climate change.
1693

 

Preparation of the Action Plan included discussions with a wide variety of government and non-

government representatives, an interdepartmental workshop, working-group meetings and several 

external workshops.
1694

  A draft of the Action Plan was circulated for public comment from May 12 to 

July 31, 2008 before its release in February 2009.
1695

   

The Yukon government will pursue the implementation of its Climate Change Strategy in partnership and 

collaboration with First Nation governments, municipalities, industry, the public, the other northern 

territories and the provinces, the federal government and other governments around the world.
1696

 

Implementation of the Action Plan will involve all departments and agencies of the Yukon 

government.
1697

 The Yukon government will also work with partners to meet the challenges and 

opportunities of climate change in Yukon – other governments, non-governmental organizations, 

industry, and the academic community.
1698

 

British Columbia  

Building on a framework established in 2007, British Columbia released a Climate Action Plan in 

2008.
1699

 The section on adaptation outlines a range of coordinated actions to help B.C. adapt to climate 

change, including options for investing in new ideas and solutions, protecting forests, protecting water, 

and building carbon smart communities.
1700

 The Climate Change Adaptation Strategy addresses three 

main themes that provide a solid framework to address climate change impacts and adaptation: (1) build a 

strong foundation of knowledge and tools to help public and private decision-makers across B.C. prepare 

for a changing climate, (2) make adaptation a part of B.C. Government’s business, ensuring that climate 

change impacts are considered in planning and decision-making across government, and (3) assessing 

risks and implementing priority adaptation actions in key climate sensitive sectors.
1701

 

                                                      

1690
 Verbatim or nearly verbatim from Yukon Government. Yukon Government Climate Change Action Plan. 

(February 2009, p. 9) 
1691

 Verbatim or nearly verbatim from Yukon Government. (July 2006, p. 1) 
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Washington   

In the spring of 2009, Governor Gregoire signed legislation (E2SSB 5560) that included provisions for 

the formation of an “integrated climate change response strategy” that would “better enable state and 

local agencies, public and private businesses, nongovernmental organizations, and individuals to prepare 

for, address, and adapt to the impacts of climate change.”
1702

 The legislation directs Ecology, in 

partnership with the departments of Agriculture, Commerce, Fish and Wildlife, Natural Resources, and 

Transportation to develop an initial state strategy by December of 2011.
1703

  

Four Topic Advisory Groups (TAGs) were formed to assist in developing a state strategy for how 

Washington can prepare for and adapt to the impacts of climate change.
1704

 The TAGs are structured 

around four areas (built environment, infrastructure, and communities; human health and security; 

ecosystems, species, and habitats; natural resources) and will address a wide range of key issues that 

citizens, governments, and businesses will face in a changing climate.
1705

 The Departments of 

Agriculture, Ecology, Fish and Wildlife, Health, Natural Resources, Transportation, and the University of 

Washington lead TAGs that examine climate change impacts and identify preparation and adaptation 

strategies as well as additional research needs.
1706

 TAG members met regularly since their inception in 

early 2010 through January 2011, including three cross-cutting TAG meetings.
1707

 The draft strategy will 

be completed in Spring 2011, followed by a period of public comment and outreach through Summer 

2011.
1708

 The final strategy will be submitted to the Legislature in December 2011.
1709

 

Jamestown S’Klallam Tribe 

In late 2009, Tribal Council approved a proposal by the Tribe’s Natural Resources Department to write a 

formal Jamestown S’Klallam Plan for Climate Change.
1710

 The purpose of the plan is to prepare for a 

warming climate, and to help reduce the Tribe’s carbon footprint, to slow down the warming planet.
1711

  

Swinomish Indian Tribal Community  

In the fall of 2008 the Swinomish Indian Tribal Community started work on a landmark two-year Climate 

Change Initiative to study the impacts of climate change on the resources, assets, and community of the 

Swinomish Indian Reservation and to develop recommendations on actions to adapt to projected 
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impacts.
1712

 This followed issuance of a Proclamation by the Tribal Senate in 2007 directing action to 

study and assess climate change impacts on the Reservation.
1713

 Under the guidance and coordination of 

the Swinomish Office of Planning & Community Development, the first year of the project was devoted 

to assessment of projected impacts, as presented in an Impact Assessment Technical Report issued in the 

fall of 2009.
1714

 The second year of the project was focused on evaluation of strategies and options for 

recommended actions to counter identified impacts, which resulted in preparation and release of the 

Climate Adaptation Action Plan.
1715

 The ultimate goal of the project was to help ensure an enduring and 

climate-resilient community that can meet the challenges of anticipated impacts in the years to come.
1716

  

The Action Plan discusses climate change within the context of Swinomish cultural traditions, community 

health, and cultural resilience, and reviews the relationship between tribal traditions and effective 

adaptation planning. This information, along with the climate change impacts assessed in the Technical 

Report and strategic evaluation of many adaptation options, was used to derive the adaptation goals, 

action recommendations and priorities described in the Action Plan. These are organized into four focal 

areas (coastal resources, upland resources, physical health, and community infrastructure and services). 

Strategic evaluation included assessment of six key objectives (comprehensive, sustainable, dynamic 

response, fiscally feasibile, non-regulatory, and meets community goals).
1717

 Strategies were then 

screened against a number of key considerations (evaluation objectives met, existing authority and 

capacity versus required authority and capacity, potential internal and external partners, and timeframe 

anticipated for potential implementation), as well as the vulnerability and estimated risk to the system in 

question.
1718

 At time of writing, the Swinomish are moving forward on a number of their priority actions. 

For example, they are seeking grants for their work, evaluating existing management plans and 

regulations, and assessing needed changes to building and zoning codes. A description of the Swinomish 

Tribe’s Climate Adaptation Action Plan can be found at http://www.swinomish-

nsn.gov/climate_change/Docs/SITC_CC_AdaptationActionPlan_complete.pdf (accessed 4.7. 2011). 

Tulalip Tribe   

The Tulalip Adaptation and Mitigation Policy Frameworks for Climate Change lists six criteria for 

incorporating policies and law in planning and management that allow the Tulalip Tribes to sustainably 

maintain healthy, resilient human communities in the face of change.
1719

 These policies and law need, 

among other things, to be integrated (involve multiple independent sectors in the creation of holistic 

solutions that address a full range of natural and social factors), cross-scale (address problems at multiple 

scales, and devise scale-appropriate actions, working to ensure policies and actions do not defeat 

measures taken at any one scale), adaptive (monitor and respond to the effectiveness of efforts and 

advances in scientific and local knowledge, adapt objectives when necessary), restorative (use historical 
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baselines for mitigation goals for processes that maintain healthy watersheds and communities), 

participatory (recognize stakeholder equity by including federal, state, tribal and local governments, 

businesses and citizens in the transparent development of baselines, objectives, and mitigation and 

adaptation measures), and sustainable (design objectives and actions on a basis of ecological and cultural 

sustainability, and include mechanisms to ensure the sustained financial and administrative support for 

their implementation).
1720

  

Oregon  

In October 2009, Governor Kulongoski of Oregon asked the directors of several state agencies, 

universities, research institutions and extension services to develop a climate change adaptation plan.
1721

 

Among other things, the plan provides a framework for state agencies to identify authorities, actions, 

research, and resources needed to increase Oregon’s capacity to address the likely effects of a changing 

climate.
1722

 The Oregon Climate Change Adaptation Framework was released in December 2010. The 

Framework lays out eleven expected climate-related risks, the basic adaptive capacity to deal with those 

risks, short-term priority actions for each risk, and several steps that will evolve into a long-term process 

to improve Oregon’s capacity to adapt to variable and changing climate conditions.
1723

  

Coquille Tribe   

Building on the traditions and values of the Tribal community, the Coquille Indian Tribe is focused on 

developing a plan to adapt to the challenges presented by climate change and related threats to the tribe’s 

well-being.
1724

 Currently, the tribe is focused on building capacity within the Tribal government to 

understand the impacts of climate change, engaging the tribal community in climate change discourse, 

and strengthening collaboration and partnerships with non-tribal organizations within the region.
1725

 The 

Tribe has committees in place to identify and investigate the issues, including the Climate Change 

Committee and the Emergency Preparedness and Disaster Mitigation Committee.
1726

 The Climate Change 

Committee, for example, was established in 2008 and has been tasked by Tribal Council to: become 

familiar with the causes of climate change and consequences of climate change to the Tribe, tribal 

members, tribal enterprises and the outlying community; evaluate practices, policies operations and 

enterprises and make recommendations regarding opportunities, adaptations and mitigations regarding the 

climate change process as it affects the Tribe and its members; and, provide information to the Tribal 

membership regarding the causes, effects and prudent responses to climate change.
1727

  

In addition to continuing current efforts, the Tribe is preparing a Climate Action Plan, a more detailed and 

informed plan that incorporates insight and knowledge from Tribal members, the Tribe’s natural 
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resources and planning staff, information and data from climate scientists, research and other 

organizations dedicated to climate issues, and the assistance and resources available from local, state and 

federal government.
1728

 The plan will help to further identify local risks to Coquille Tribal land and 

natural resources, infrastructure and transportation systems, and in turn, the Tribe’s culture, economy, 

health, and safety.
1729

 Additionally, impacts to other regions of the northwest and the world that may also 

bring adverse local impacts will be investigated.
1730 Further information on the Coquille Tribe’s efforts 

around climate change can be found at 

http://tribalclimate.uoregon.edu/files/2010/11/tribes_Coquille_web2.pdf (accessed 4.7. 2011).   

California  

California strengthened its commitment to managing the impacts from sea level rise, increased 

temperatures, shifting precipitation and extreme weather events when Governor Arnold Schwarzenegger 

signed Executive Order (EO) S-13-08 on November 14, 2008.
1731

 The order called on state agencies to 

develop California’s first strategy to identify and prepare for these expected climate impacts.
1732

 The 

California Natural Resources Agency (CNRA) has taken the lead in developing this adaptation strategy, 

working through the Climate Action Team (CAT).
1733

 Seven sector-specific working groups led by twelve 

state agencies, boards and commissions, and numerous stakeholders were convened for this effort.
1734

 The 

strategy proposes a comprehensive set of recommendations designed to inform and guide California 

decision-makers as they begin to develop policies that will protect the state, its residents and its resources 

from a range of climate change impacts.
1735

 Four comprehensive state adaptation planning strategies were 

identified by all climate adaptation sectors.
1736

 These strategies were intended to be in place or completed 

by the end of 2010.
1737

 

Following a 45-day public comment period since its release as a Discussion Draft in August 2009, the 

CNRA and sector working groups have revised the strategy incorporating public stakeholder input.
1738

 

This document will be updated approximately every two years to incorporate progress in strategies and 

changing climate science.
1739

 The current draft reviews projections for temperature, precipitation, sea 

level rise, and extreme events, then evaluates climate impacts by sector.
1740

  

Yurok Tribe 

In 2010, the Yurok Tribe received a grant from the U.S. Environmental Protection Agency for a Climate  
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Change Impacts Assessment and Prioritization Project.
1741

 The final goal of the project is the preparation 

and completion of the Yurok Tribe Climate Change Prioritization Plan and an initial assessment of 

potential climate change impacts that will serve as a guide for future tribal climate change research and 

planning efforts.
1742

 The project also aims to build tribal government and community capacity via 

technical training of the program staff and participation in national meetings.
1743

 The project will engage 

the reservation community in potential localized changes through the production of educational materials, 

including a brochure outlining various opportunities to participate in local and regional climate change 

planning efforts.
1744

 

West Coast Governor’s Agreement   

On September 18, 2006 the Governors of California, Oregon and Washington announced the West Coast 

Governors' Agreement on Ocean Health.1745 The Agreement launched a new, proactive regional 

collaboration to protect and manage the ocean and coastal resources along the entire West Coast, as called 

for in the recommendations of the U.S. Commission on Ocean Policy and the Pew Oceans 

Commission.1746 The Executive Committee established multiple workgroups, known as Action 

Coordination Teams (ACTs).1747 At the present time, there are ten functioning ACTs: Climate Change, 

Integrated Ecosystem Assessment, Marine Debris, Ocean Awareness and Literacy, Polluted Runoff, 

Renewable Ocean Energy, Seafloor Mapping, Sediment Management, Spartina eradication, and 

Sustainable Ocean Communities.1748 The primary objective of the Climate Change ACT is to create a 

framework and access to information that helps local governments wisely plan for the shoreline impacts 

resulting from climate change over the next several decades.1749 The products from this ACT should assist 

state agencies in their various roles managing coastal lands, with an emphasis on those activities 

involving local land use and infrastructure planners as well as resource managers.1750 In addition, this 

group will provide recommendations to facilitate continuing coordination among the states and federal 

agencies by identifying the common regional issues and solutions.1751 Specifically, the Climate Change 

ACT seeks to provide access to tools and information that will allow the states to develop strategies 

necessary to address shoreline change, and for local governments to develop detailed vulnerability 

assessments.1752 
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