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6Abstract
7

Concrete ways to adapt to climate change are needed to help natural resource managers

8take the first steps to incorporate climate change into management and take advantage of
9opportunities to balance the negative effects of climate change. Because the development of
10adaptation tools and strategies is at an early stage, it is important that ideas and strategies are
11disseminated quickly to advance thinking and practice. Here we offer an example of a successful
12workshop that allowed quick dissemination of ideas and strategies for climate change adaptation
13in resource management through an interaction between scientists and managers. We share both
14the process used in the workshop and the outcome of facilitated dialogue at the workshop. By
15presenting concrete adaptation methods and demonstrating the value of a focused scientist16manager dialogue, we hope to motivate National Forests and other natural resource agencies to
17emulate our approach and begin the process of adapting to climate change.
18Keywords: climate change, adaptation, forest management
19Introduction
20

Climate change presents a major challenge to natural resource managers both because of

21the magnitude of potential effects of climate change on ecosystem structure, process, and
22function, and because of the uncertainty associated with those potential ecological effects.
23Furthermore, managers lack operational strategies to aid in adaptation to climate change. In the
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24nascent literature on climate change adaptation, much of the focus has been on conceptual issues
25(Hansen et al. 2003), potential actions by governments and municipalities (IPCC 2007, Snover et
26al. 2007), individual resources (Slaughter and Wiener 2007, Sadowski 2008), and biological
27diversity (Heller and Zavaleta 2009). Recent information on climate change adaptation for
28natural resources provides general adaptation strategies (Millar et al. 2007, Joyce et al. 2008,
29Innes et al. 2009). Only a few sources contain information on adaptation to climate change that
30is relevant and usable for natural resource managers from a tactical or operational perspective
31(Ogden and Innes 2007a, 2007b, 2008). Now that most land managers have accepted that
32climate change is real and of great concern, more concrete ways to adapt to climate change are
33needed to help managers take the first steps to incorporate climate change into management and
34reduce the negative effects of climate change on natural resources.
35

The United States Forest Service administers over 78 million ha of land in 155 National

36Forests and 20 National Grasslands across the United States. The Forest Service also advises
37and partners with private and state forest land managers and the international community. The
38National Forest System encompasses a wide range of different ecosystems and much of the
39country’s terrestrial biodiversity. In addition to biodiversity, other ecosystem services provided
40by the National Forest System include timber, grazing, municipal and agricultural water supplies,
41recreation, and aesthetics. Climate change will impact all of these ecosystem services provided
42by National Forests, perhaps most importantly, water supplies. The U.S. Forest Service is
43responsible for restoring, sustaining, and enhancing forests and grasslands while providing and
44sustaining benefits to the American people. Because of these responsibilities, federal scientists
45and land managers are tasked with reducing the negative effects of climate change on ecosystem
46function and services, while promoting and enabling beneficial aspects. Timely implementation
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47of strategic and tactical adaptation options, with an emphasis on practical approaches that can be
48applied within the broader context of sustainable resource management, will be critical to meet
49both goals (Innes et al. 2009).
50

Resource managers are expected to incorporate science and climate change adaptation

51practices into planning, and they have the skill and local knowledge to do so. Scientists have
52technical knowledge but often a poor understanding of management and regulatory, policy, and
53collaborative social processes for resource planning and decision-making. A clear need exists for
54these two groups of specialists to work together to develop and implement applied adaptation
55projects. However, lack of formal relationships, differences in work culture, time frames, and
56communication styles, etc. have limited this dialog at all scales. In addition, with climate
57change, there is an overwhelming amount of information that managers are trying to absorb, a
58very steep learning curve with climate change science, and little time for learning given
59managers’ many responsibilities. Here we offer an example of a successful workshop that
60allowed quick dissemination of ideas and strategies for climate change adaptation in resource
61management through an interaction between scientists and managers. This interaction serves as
62an example of what might be done to promote collaboration between scientists and managers in
63climate change adaptation.
64

We convened a workshop with a novel format to develop Web-based educational

65materials on climate change, and management options for adapting to climate change in the U.S.
66Forest Service and natural resource management in general. We chose a workshop format
67because other studies have reported that managers do not have sufficient time to read referred
68journal articles (one form of scientific outreach), and workshops provide opportunities to transfer
69information and facilitate interaction between managers and scientists (Barbour 2007,
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70Youngblood et al. 2007). The workshop not only served to transfer climate change science and
71adaptation information, but also gave managers the opportunity to ask the 'so what' question
72when presented with climate change science information and heightened the managers’
73participation in vetting current adaptation strategies. This event was significant because of the
74process used, group of people assembled, and depth and utility of ideas produced. Because the
75development of adaptation tools and strategies is at an early stage, it is important that ideas and
76strategies are disseminated quickly in order to advance thinking and practice. With this purpose
77in mind, we share here both the process used in the workshop and the outcome of the facilitated
78dialogue of the workshop. In addition to describing the outcomes of interactions between
79scientists and land managers, the ideas put forth in this paper build on existing principles of
80adaptation to climate change, such as the U.S. Climate Change Science Program Synthesis and
81Assessment Product 4.4 (Joyce et al. 2008), Millar et al. (2007), and Bosworth et al. (2008) by
82providing more concrete and tactical ways for resource managers to adapt to climate change.
83

The workshop was conducted over a three-day period and was focused on two specific

84goals: 1) to develop and videotape a coordinated lecture series and related discussions on
85climate change, ecosystem response, and resource management in order to develop a multi86media, Web-based educational module; and 2) to promote focused dialogue on climate change
87and management within a select group of resource managers and scientists, and to capture the
88lessons learned from these interchanges. Key Forest Service and other scientists with expertise
89on the topics and contextual experience were invited to develop talks for videotaping. Themes
90were selected for the lecture series to ensure that a range of relevant topics for resource
91management were covered. Many of the talks were based on previous presentations, so
92coordination, review, and vetting were well advanced. A group of resource managers with
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93expressed interest in climate change issues was invited as reviewers and discussants. After talks
94were given by the scientists, both scientists and managers discussed the talks and provided
95critical review. Respondents (scientists and managers) were also asked to develop questions and
96commentary that were used during formal videotaping. Scientists then revised their talks to
97accommodate the reviews and delivered the revised talk the following day for formal taping.
98Videotapes from the workshop have been developed into educational modules for a Web-based
99short course (Figure 1; Furniss et al. 2009).
100

In addition to producing lectures, we held a facilitated discussion session during the

101workshop to take advantage of the diverse group assembled and thereby advance thinking on
102issues related to incorporating climate into resource management. These discussions were
103focused on two main questions: (1) How can climate science be directly incorporated in
104resource management?; and (2) How can the uncertainty of future climate change and effects be
105evaluated and managed? The concepts and tactical approaches produced during this workshop
106provide some concrete ways to incorporate climate change science into resource management.
107 Tangible ways to incorporate climate change science in resource management
108

Many ideas from the facilitated dialogue focused on how climate change science can be

109institutionalized in government agencies involved with the management of natural resources,
110such as the U.S. Forest Service and the U.S. National Park Service (Table 1). Forest Service
111resource managers and scientists have dealt with a number of major challenges over the last few
112decades, including a major transition from emphasis on production of timber and commodities to
113ecological restoration and management for biodiversity. These past challenges leave the agency
114well-prepared for the shift in thinking required to meet the challenge of climate change.
115Institutionalization will involve incorporating climate change into many aspects of agency
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116planning and process (Ogden and Innes 2007a, Innes et al. 2009). If climate change is
117institutionalized, it will be more fully considered in the National Forest planning process, at all
118stages of project development, and in work prioritization, funding prioritization, hiring decisions,
119and staff performance reviews. Ideally, barriers to dealing with the issue of climate change, such
120as policies and regulations that delay implementation of climate change adaptation practices, will
121be removed or altered without changing the benefits of aspects such as public participation in the
122environmental review process (Joyce et al. 2008). In addition, incentives can be created to
123promote advances in addressing climate change and reducing vulnerability to climate change.
124

Education is critical to increasing awareness of and promoting problem-solving related to

125climate change (Spittlehouse and Stewart 2003, Moser and Luers 2008, Littell et al. in review).
126Exposing resource managers to climate change science, promoting dialogue, and creating
127opportunities for education will help managers to be aware of the best available science,
128understand concepts associated with climate change science, acknowledge and accept
129uncertainties associated with future climate projections, and incorporate climate change into
130routine management activities (Table 2). Educating the public on climate change will have
131multiple benefits for natural resource agencies. For example, engaging landowners adjacent to
132fire-prone public lands will assist efforts to reduce wildfire hazard and severity (Baron et al.
1332008). Educating the public on climate change will also promote understanding of the steps that
134state and federal land management agencies can take to address climate change, thus promoting
135support for these actions and helping to avoid costly litigation.
136

Scientists will play a key role in helping managers deal with climate change by providing

137the best available information on climate change science and the ecological effects of climate
138change to inform management decision-making. In addition, scientists can encourage managers
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139to think more scientifically: to base their decisions on high-quality literature, to understand and
140disclose assumptions and limitations, to subject their work to critical review, and to take an
141experimental approach and monitor results. Managers, in turn, can help scientists be more
142practical, tune their scientific inquiries to the most relevant problems, and focus on solutions and
143the applicability of findings. Thus, iterative interactions and dialogue between scientists and
144managers, and forums for doing so, will be critical to incorporating climate change in natural
145resource management (Moser and Luers 2008, Blate et al. 2009, Innes et al. 2009). There are
146multiple ways to promote scientist/manager interactions, including iterative small meetings and
147informal discussions within communities of practice (e.g., water resources, vegetation
148management) (Table 3). Manager information needs can be determined with the use of surveys
149(e.g., Ogden and Innes 2007b). Science delivery can be enhanced by commissioning technical
150communication teams for natural resource agencies. Scientists and managers can also share
151information with others on successes and failures in climate change adaptation via the Internet or
152other means.
153

In addition to collaboration between scientists and managers, collaboration among

154agencies, organizations and stakeholder groups will facilitate adaptation to climate change
155(Baron et al. 2008, Littell et al. in review). Developing common plans and shared visions of
156resource management can result in saved time and financial resources, and more innovative, and
157ultimately more effective, strategies in the face of climate change (Table 4). For example,
158management for species such as ungulates and carnivores with home ranges larger than any
159single agency’s ownership can be improved through collaboration among stakeholders (Baron et
160al. 2008, Heller and Zavaleta 2009). Collaboration can also be expanded to a united climate
161change outreach program, such as the proposed U.S. National Climate Service, that provides
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162credible information on climatology, predictions of climate change effects, planning tools, and
163tutorials.
164

Many plant species will be subjected to increasing stress in a changing climate, and some

165species and genotypes may be unable to adapt to rapid warming. Genetic stock that is better
166adapted to climatic conditions of the future will be more resilient and also increase overall
167ecosystem resilience. For these reasons, it will be imperative that natural resource agencies
168reassess genetic resources (e.g., seed availability, nursery stock) with climate change in mind
169(Parker et al. 2000, Spittlehouse and Stewart 2003, Millar et al. 2007) (Table 5). Agencies may
170want to put more resources into state and federal nursery programs, expand germplasm
171collections (seed, pollen), restore germplasm archives (many seed storage units have been
172closed), and include broader representation of diverse provenances. Experimentation to
173determine the best provenance and species mixes to plant after disturbance in different locations
174can help to increase plant community resilience to both climate change and the disturbance
175regimes of the future.
176

Increased disturbance will almost certainly be associated with a warmer climate in many

177locations. For example, area burned by wildfire (McKenzie et al. 2004) and subjected to bark
178beetle outbreaks (Hicke et al. 2006) is expected to increase significantly across the western
179United States. Incorporating disturbance into natural resource planning, rather than treating it as
180an anomaly, will facilitate timely and effective management actions when disturbance events
181occur (Millar et al. 2007, Littell et al. in review) (Table 6). Using past extreme events and
182response to those extreme events as a context may help to structure thinking and improve
183response to future events. In addition, management activities that reduce the severity of
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184disturbance, such as reduction of hazardous fuels in fire-prone forests, may help to reduce
185ecosystem vulnerability to a warmer climate (Dale et al. 2001, Joyce et al. 2008).
186 Tools and methods to evaluate and manage uncertainty
187

Dealing with uncertainties associated with the magnitude of changing temperature and

188precipitation, and the magnitude and nature of ecological effects of climate change, is one of the
189biggest challenges for land managers facing a changing climate. The many types of uncertainties
190can be overwhelming and delay adaptive responses. The second part of the facilitated dialogue,
191summarized below, was focused on tools and methods to evaluate and manage uncertainties
192associated with climate change in natural resource management.
193

Dealing with uncertainty requires that risks associated with uncertainty are both

194identified and evaluated (Table 7). Risks to ecosystems and risks associated with taking the
195wrong management path can be identified by asking ‘what if…?’ during planning and project
196development. Once risks are identified, they can be evaluated to determine which are most
197important to consider (i.e., set priorities). Uncertainties are important only when they are
198associated with high risks to ecosystems at local or larger scales. Confidences of risk (level of
199likeliness) can be quantified or approximated instead of quantifying uncertainty (e.g., Brekke et
200al. 2009).
201

To incorporate risk and uncertainty into management, scenarios can be developed to

202bracket a credible range of potential future climates and ecosystem conditions, and managers can
203work to develop associated strategies for dealing with those future conditions (Baron et al. 2008)
204(Table 8). In addition, employees/functions that assess risks associated with climate change can
205help managers incorporate risks into management. For example, development of tools that
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206assess post-disturbance risks, such as debris flows following fire and heavy rain, can help
207managers consider and incorporate those risks into post-disturbance planning.
208

Conducting watershed vulnerability assessments could also help to incorporate risk into

209management (Table 9). An effective assessment of watershed vulnerability will require 1) the
210ability to identify the watersheds of highest priority for protecting watershed amenity values
211(such as domestic and industrial water supplies, endangered species, and recreational uses); 2)
212the ability to identify the watersheds in which climate-related risk to those amenity values is
213greatest, as well as “climate-change refugia” that are expected to see the least effects; 3) the
214ability to detect evidence of the nature and likely magnitudes of change as early as possible; and
2154) the ability to select mitigations appropriate for the effects likely in particular watersheds.
216Development of a procedure for watershed vulnerability assessments would be most useful if it
217were capable of providing information over large areas for relatively small outlays of time and
218effort. This tool would be applicable both in the context of a Forest Service watershed condition
219assessment and as a stand-alone assessment procedure for use by anyone concerned about
220watershed change.
221

Increasing the resilience of ecosystems is one way to prepare for an uncertain future

222(Dale et al. 2001, Spittlehouse and Stewart 2003, Millar et al. 2007), and increasing the diversity
223of vegetation structures across large landscapes can help to increase ecosystem resilience to
224climate change (Table 10). Using a portfolio of management approaches and practices, much
225like a stock portfolio, can help managers to “hedge their bets,” increase the diversity of outcomes
226on the ground, and thus increase ecosystem resilience (Millar et al. 2007, Joyce et al. 2009).
227Diversifying seed banks and plantings will similarly increase resilience by reducing the
228likelihood of forest stand failure (Heller and Zavaleta 2009).
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Reducing the effects of already existing non-climatic stressors on ecosystems, such as

230landscape fragmentation and invasive species, will also increase ecosystem resilience to climatic
231changes (Baron et al. 2008, Joyce et al. 2008). Climate change is not the only issue that natural
232resource managers must deal with, and because of financial and time constraints, climate change
233may be a low priority for some natural resource managers (Moser and Luers 2008). However,
234embracing integrated ecosystem-based management and sustainable resource management in
235general (Ogden and Innes 2007a, Innes 2009), in which climate change is one of many stresses
236considered, could help alleviate current constraints on allocation of time and effort for managing
237climate change effects.
238

Keeping an open mind is also going to be important for managers in dealing with

239uncertainties of climate change (Table 11). Periodic failures will be an inevitable part of dealing
240with uncertainties related to climate change. However, periodic failures will be an important
241component of active learning as climate change effects are realized.
242Discussion
243

Ideas generated from the workshop are consistent with the more general strategies for

244adaptation of natural resources to climate change outlined in recent reports. For example, the
245concept of promoting ecosystem resilience as an adaptation to climate change is common across
246existing guides to adaptation (e.g., Dale et al. 2001, Spittlehouse and Stewart 2003, Millar et al.
2472007). Promoting resilience is a concept that was also highlighted in the workshop as a way to
248deal with uncertainties associated with climate change, and multiple ways to increase forest
249resilience by increasing landscape diversity and watershed health were discussed. Resilient
250forests and watersheds can better accommodate changing conditions, such as gradually changing
251temperature and precipitation, and maintain ecosystem function after a disturbance such as fire.
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252Even if managers are uncertain about exactly what the future holds, resilient forests will be more
253likely to accommodate future conditions (Innes et al. 2009) and reduce the number of situations
254in which land managers must respond in “crisis mode.”
255

Most guides to adaptation suggest using a variety of tools and management practices to

256deal with an uncertain future (e.g., Smith and Lenhart 1996, Millar et al. 2007, Joyce et al. 2009),
257similar to the suggestion of using a ‘portfolio of management approaches’ suggested here.
258Related and often cited adaptation strategies include flexibility and active learning, or the idea of
259adaptive management (e.g., Dale et al. 2001, Millar et al. 2007, Baron et al. 2008). With
260flexibility and active learning, tools and strategies that are most effective under a changing
261climate can be discovered and more widely implemented.
262

Reassessing genetic resources is another climate change adaptation strategy that is often

263suggested in guides to adaptation (e.g., Smith and Lenhart 1996, Parker et al. 2000, Noss 2001),
264as it was in the workshop. Appropriate species and genotypes can be planted in anticipation of a
265warmer climate, thus allowing resource managers to diversify the phenotypic and genotypic
266template on which climate and competition interact, and to avoid widespread mortality at the
267regeneration stage.
268

Several guides to adaptation recommend that education and awareness about climate

269change be promoted to facilitate adaptation (e.g., Smith and Lenhart 1996, Spittlehouse and
270Stewart 2003, Moser and Luers 2008). Similarly, in the workshop, there was much discussion
271about ways to promote education and awareness on climate change, both in government agencies
272and with the public. Education and awareness will increase capacity to analyze climate change
273information and use it in decision-making (Moser and Luers 2008). Scientists will play a key role
274in providing the best available information to managers, and effective communication between
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275scientists and managers will be critical for successful adaptation to climate change in natural
276resources management (Baron et al. 2008, Joyce et al. 2008, Moser and Luers 2008).
277Collaboration among agencies, stakeholders, and other groups will also help develop support for
278and consistency in adaptation options (Baron et al. 2008, Littell et al. in review).
279

Though many of the ideas put forth during the discussion were consistent with current

280literature, new and different ideas for adaptation to climate change were also discussed. Many of
281these ideas, listed in Tables 1-11, would affect resource management more directly than the more
282general ideas that dominate current adaptation literature (e.g., increase ecosystem resilience).
283These more concrete ways to adapt natural resource management to climate change were
284developed as a result of the workshop setting that allowed for direct engagement between
285scientists and managers. The workshop was not only an efficient method for science delivery to
286managers, but it also allowed managers to critique existing ideas and suggest new methods for
287adaptation to climate change. The workshop also resulted in efficient development of online
288education materials for use by natural resource managers. This workshop can serve as a model
289others can follow for future development of adaptation options for natural resource management.
290

Adaptation to climate change presents organizational and cultural challenges in addition

291to ecological ones. Many ideas that emerged in the workshop with natural resource managers
292and scientists focus on institutional changes that need to occur for successful adaptation. Even if
293good scientific information and financial resources are available, regulations (e.g., U.S.
294Endangered Species Act), policy (e.g., forest harvest restrictions), and litigation (e.g., lawsuits
295from advocacy groups) can prevent or reduce the effectiveness of proposed adaptation activities.
296This will be a significant challenge for the implementation of adaptation on public lands.
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Finally, with the possible exception of the Waxman-Markey climate bill that will be

298considered by the U.S. Senate, the Forest Service and other federal agencies that manage natural
299resources in the United States currently do not have a mandate for developing adaptation plans or
300a framework through which adaptation can be accomplished. It is challenging to motivate a
301geographically dispersed workforce, already stretched by heavy workloads, to expand their
302management and planning responsibilities to include climate change. In the meantime,
303leadership is being provided by individual national forests in which managers have volunteered
304to develop adaptation plans (e.g., Joyce et al. 2008, Littell et al. in review) and by ad hoc efforts
305such as the workshop described here. By demonstrating the value of a focused scientist-manager
306dialogue to develop educational information and adaptation options, we hope to motivate
307National Forests and other natural resource agencies to emulate our approach and start the
308process of adapting to climate change.

29
30

15

309Literature Cited
310
311Barbour, J. 2007. Accelerating adoption of fire science and related research. Final Report to the
312

Joint Fire Science Program, JFSP Project # 05-S-07. Available online at

313

http://www.firescience.gov/projects/05-S-07/project/05-S-07_final_report.pdf; last accessed

314

Jul. 23, 2009.

315Baron, J.S., S. Herrod Julius, J.M. West, L.A. Joyce, G. Blate, C.H. Peterson, M. Palmer, B.D.
316

Keller, P. Kareiva, J.M. Scott and B. Griffith. 2008. Some guidelines for helping Natural

317

resources adapt to climate change. P. 46-52 in IHDP Update, Magazine of the International

318

Human Dimensions Programme on Global Environmental Change, Mountainous Regions:

319

Laboratories for Adaptation, October 2008(2).

320Blate, G.M., L.A. Joyce, S. Julius, J.S. Littell, S.G. McNulty, C.I. Millar, S.C. Moser, R.P.
321

Neilson, K. O’Halloran, D.L. Peterson and J. West. 2009. Adapting to climate change in

322

United States national forests. Unasylva 60:57–62.

323Bosworth, D., R. Birdsey, L. Joyce, and C. Millar. 2008. Climate change and the nation’s forests:
324

challenges and opportunities. J. For. 106:214-221.

325Brekke, L.D.,E.P. Maurer, J.D. Anderson, M.D. Dettinger, E.S. Townsley, A. Harrison, and T.
326

Pruitt. 2009. Assessing reservoir operations risk under climate change. Water Resour. Res.

327

45:W04411.

328Dale, V.H, L.A. Joyce, S. McNulty, R.P. Neilson, M.P. Ayres, M.D. Flannigan, P.J. Hanson, L.C.
329

Irland, A.E. Lugo, C.J. Peterson, D. Simberloff, F.J. Swanson, B.J. Stocks, and B.M. Wotton.

330

2001. Climate change and forest disturbances. Bioscience 51:723–734.

31
32

16

331Furniss, M.J., C.I. Millar, D.L. Peterson, L.A. Joyce, R.P. Neilson, J.E. Halofsky, B.K. Kerns.
332

2009. Adapting to climate change: a short course for land managers. USDA For. Serv. Gen.

333

Tech. Rep. PNW-GTR-789. DVD and available online at www.fs.fed.us/pnw/pep/hjar.shtml.

334Hansen, L.J., J.L. Biringer, and J.R. Hoffman (eds.). 2003. Buying time: a user’s manual for
335

building resistance and resilience to climate change in natural systems. World Wildlife Fund,

336

Berlin, Germany. 246 p.

337Heller, N.E., and E.S. Zavaleta. 2009. Biodiversity management in the face of climate change: a
338

review of 22 years of recommendations. Biol. Conserv. 142:14–32.

339Hicke J.A., J.A. Logan, J.A. Powell, and D.S. Ojima. 2006. Changing temperatures influence
340

suitability for modeled mountain pine beetle (Dendroctonus ponderosae) outbreaks in the

341

western United States. J. Geophys. Res. B 111:G02019.

342Innes, J., L.A. Joyce, S. Kellomäki, B. Louman, A. Ogden, J. Parrotta, and I. Thompson. 2009.
343

Management for adaptation. P. 135-169 in Adaptation of Forests and People to Climate

344

Change: A Global Assessment Report. Seppälä, R., A. Buck and P. Katila (eds.). IUFRO

345

World Series, Volume 22. International Union of Forest Research Organizations, Vienna,

346

Austria.

347Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007: Impacts,
348

adaptation, and vulnerability. Contribution of Working Group II to the Fourth Assessment

349

Report of the Intergovernmental Panel on Climate Change, Parry, M.L., O.F. Canziani, J.P.

350

Palutikof, P.J. van der Linden, and C.E. Hanson (eds.). Cambridge University Press,

351

Cambridge, UK. 976 p.

352Joyce, L., G.M. Blate, J.S. Littell, S.G. McNulty, C.I. Millar, S.C. Moser, R.P. Neilson, K.
353

O’Halloran, and D.L. Peterson. 2008. National forests. P. 19-84 in Adaptation options for

33
34

17

354

climate-sensitive ecosystems and resources, Synthesis and Assessment Product 4.4, Julius,

355

S.H., J.M. West (eds.). U.S. Climate Change Science Program, Washington, DC.

356Joyce, L.A., G.M. Blate, J.S. Littell, S.G. McNulty, C.I. Millar, S.C. Moser, R.P. Neilson, and
357

D.L. Peterson. 2009. Managing for multiple resources under climate change. Environ.

358

Manage.: In press.

359Littell, J.S., D.L. Peterson, C.I. Millar, and K. O’Halloran. U.S. national forests adapt to climate
360

change through science-management partnerships. Manuscript in review.

361McKenzie, D.H., Z. Gedalof, D.L. Peterson, P. Mote. 2004. Climatic change, wildfire, and
362

conservation. Conserv. Biol. 18:890–902.

363Millar, C.I., N.L. Stephenson, and S.L. Stephens. 2007. Climate change and forests of the future:
364

managing in the face of uncertainty. Ecol. Appl. 17:2145–51.

365Moser, S.C., and A.L. Luers. 2008. Managing climate risks in California: the need to engage resource
366

managers for successful adaptation to change. Climatic Change 87:S309–S322.

367Noss, R.F. 2001. Beyond Kyoto: forest management in a time of rapid climate change. Conserv. Biol.
368

15:578–590.

369Ogden A.E., and J.L. Innes. 2007a. Incorporating climate change adaptation considerations into forest
370

management and planning in the boreal forest. Int. For. Rev. 9:713–733.

371Ogden A.E., and J.L. Innes. 2007b. Perspectives of forest practitioners on climate change adaptation in
372

the Yukon and Northwest Territories of Canada. Forest. Chron. 83:557–569.

373Ogden, A.E., and J.L. Innes. 2008. Climate change adaptation and regional forest planning in southern
374

Yukon, Canada. Mitigation and Adaptation Strategies for Global Change 13:833–861.

35
36

18

375Parker, W.C., S.J. Colombo, M.L. Cherry, M.D. Flannigan, S. Greifenhagen, R.S. McAlpine, C.
376

Papadopol, and T. Scarr. 2000. Third millennium forestry: what climate change might mean to

377

forests and forest management in Ontario. Forest. Chron. 76:445–463.

378Sadowski, M. 2008. An approach to adaptation to climate changes in Poland. Climatic Change
379

90:443–451.

380Slaughter, R., and J.D. Wiener. 2007. Water, adaptation, and property rights on the Snake and
381

Klamath Rivers. J. Am. Water Resour. As. 43:308–21.

382Smith, J.B., and S.S. Lenhart. 1996. Climate change adaptation policy options. Clim. Res. 6:193383

201.

384Snover, A.K., L.C. Whitely Binder, J. Lopez, E. Willmott, J.E. Kay, D. Howell, and J.
385

Simmonds. 2007. Preparing for climate change: a guidebook for local, regional, and state

386

governments. ICLEI - Local Governments for Sustainability, Oakland, CA. 186 p.

387Spittlehouse, D.L., and R.B. Stewart. 2003. Adaptation to climate change in forest management.
388

BC Journal of Ecosystems and Management 4:1-11.

389Youngblood, A., H. Bigler-Cole, C.J. Fettig, C. Fiedler, E.E. Knapp, J.F. Lehmkuhl, K.W.
390

Outcalt, C.N. Skinner, S.L. Stephens, T.A. Waldrop. 2007. Making fire and fire surrogate

391

science available: a summary of regional workshops with clients. USDA For. Serv. Gen.

392

Tech. Rep. PNW-GTR-727. 59 p.

37
38

19

393Table 1.
Institutionalize climate change
394
395 • Incorporate climate change in the planning
396 process and project development
397 • Incorporate climate change into work
398 prioritization
399
400 • Conduct watershed vulnerability assessments
401 to determine which areas are most sensitive to
402 climate effects and which kinds of adaptations
403 are appropriate
404
405 • Give higher priority and more funding to
406 projects that meet climate change goals
407
408 • Hire staff dedicated to disseminating
409 information and increasing
410 awareness/understanding of climate change
411 effects
412 • Require one specific climate change
413 adaptation or mitigation activity per year in
414 employee performance reviews
415
416 • Remove barriers to dealing with climate
417 change, such as prohibitive policies and lack
418 of funding
419
• Create incentives for solving climate change
problems

39
40
420
421Table 2.
422
Educate about climate change
423
424 • Expose managers at all levels to current
425 climate change science and find opportunities
426 for dialogue
427
428 • Create ability for resource managers to learn
429 about climate change through tools, trainings
430 and workshops
431
432 • Educate the public about climate change
433 through information kiosks and shared
434 learning workshops with resource managers
435 • Provide and mandate reading of summaries
436 on climate change science for all agency staff
437
438 • Develop climate change curriculum material
439 for use in existing professional training events
440
441
442
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41
42
443
444Table 3.
445
446
Improve information exchange and
447
communication
448
449 • Refine information exchange between
450 scientists and managers by holding small
451 meetings between scientists and managers. In
452 these meetings, managers would communicate
453 information needs and scientists would provide
454 information. Make this an iterative process.
455
456 • Improve technology transfer and science
457 delivery by permanently funding a climate
458 change science delivery team
459 • Initiate informal discussions on climate
460 change at multiple levels: internally, within
461 communities of practice, and with the public
462
463 • Increase collaboration among researchers and
464 managers in identifying key questions for
465 monitoring program design
466
467 • Determine resource managers’ information
468 needs with a survey and develop a strategy to
469 meet those needs
470 • Hold ‘pulses’ in which scientists and
471 managers engage in intensive two- to three472 week meetings to discuss climate change
473 adaptation options for a specific geographic
474 location
475
476 • Encourage leadership, formally or informally,
477 to share information
478
479 • Share resources (via the Internet or other
480 means) on successes and near-successes in
481 climate change adaptation
482
483
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43
44
484Table 4.
485 Increase collaboration among agencies,
486
organizations and groups
487
488 • Increase interagency strategic coordination in
489 response to climate change and work towards a
490 shared vision of resource management
491
492 • Design joint, multi-party monitoring and
493 assessment efforts
494 • Develop common plans for addressing fire
495 and fuels, invasive species, corridors,
496 minimizing pollution, and land use
497
• Develop an interagency climate service that
498 provides information, scenarios, toolboxes,
tutorials, and credible information
499
500
501
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45
46
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502Table 5.
503

Reassess genetic resources

504 • Evaluate old genetic transplant/ provenance
505 plantations for viability under current and
506 future conditions
507
508 • Conduct controlled experiments of different
509 provenance and species mixes after fire, and
510 monitor at 1, 3, 5 and 10 years post-fire
511 • Fund state and federal nursery programs
512
513
514
515
516
517
518

47
48
519Table 6.
520 Manage for disturbance and extreme events
521 • Incorporate disturbance into planning
522 • Use past extreme events and response to
523 those events to think about and improve
524 response to future extreme events
525
526 • Consider the effects of extreme events and
527 disturbances on natural resources and how
528 management can alter the vulnerability of
529 ecosystems to these events
530
531 • Sharply increase the area of fuel treatments
532 in fire-prone forests, and consider climate
533 change scenarios in determining the location,
534 type, placement and timing of fuel treatments
535
536
537
538
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49
50
539Table 7.
540
541 Identify and evaluate uncertainties and
risks
542
543
• Ask ‘what if?’ in project development
544
545 • Match the level of analyses with risk;
546 uncertainty is important only when it is
547 associated with high risk
548
549 • Promote the concept of negotiated risk 550 identify what is scarce or scary
551
• Consider confidences of risk (level of
552
likeliness) instead of quantifying uncertainty
553
554 • Pare down uncertainties to issues that can be
555 dealt with most easily
556
557 • Identify watersheds and landscapes that are
558 most and least susceptible to loss of ecosystem
559 services due to climatic changes
560Table 8.
561
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51
52
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562Table 8.
563

Incorporate uncertainty and risk into
management

564
• Manage for the unexpected
565
• Conduct targeted scenario planning that
566incorporates risk, values, and
recommendations for actions
567
568• Incorporate the concept of non-stationarity
569(e.g., the 50-year flood concept is changing)
570• Establish an advisory group that assesses risk
571and uncertainty
572
573• Develop tools to assess post-fire effects and
574debris-flow risk
575
576
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54
577Table 9.
578 Maintain and improve watershed resilience
579 • Protect and restore riparian forests.
580 • Improve or decommission roads
581 • Restore meadows, wetlands, and flood plains
582 • Maintain and restore environmental flows.
583 • Remove migration barriers and reestablish
habitat connectivity
584
585
586
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55
56
587Table 10.
588
Increase landscape diversity
589
590 • Use a portfolio approach, as done with a
stock portfolio, and implement a range of
591 management practices
592 • Manage for ecosystem process and for
landscape diversity (e.g., diversity of forest
593 ages, structures, and species composition)
while maintaining habitat connectivity
594
• Diversify seed banks and plantings
595
596
597
598
599
600
601
602
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58
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603Table 11.
604

Keep an open mind

605 • Avoid throwing away ideas just because they
have failed in the past
606
• Incorporate an active learning process in
607 decision-making

608
609

59
60
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610Figure 1. Cover of Web-based short course for land managers developed from the described
611workshop. This short course is available on the Web at: www.fs.fed.us/pnw/pep/hjar.shtml.
612
613Table 1. Methods to institutionalize climate change into natural resource management agencies.
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615Table 2. Methods to educate natural resources managers and the public about climate change.
616
617Table 3. Methods to improve information exchange and communication about climate change.
618
619Table 4. Methods to increase collaboration among agencies, organizations and groups to
620facilitate climate change adaptation.
621
622Table 5. Methods to reassess genetic resources in the face of climate change.
623Table 6. Methods to manage for increased disturbance and extreme events that will likely occur
624with climate change.
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631Table 11. Methods to keep an open mind in adapting to climate change.
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