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Abstract
Long, Jonathan W.; Quinn-Davidson, Lenya N.; Skinner, Carl N., eds. 2014. 

Science synthesis to support socioecological resilience in the Sierra Nevada and 
southern Cascade Range. Gen. Tech. Rep. PSW-GTR-247. Albany, CA: U.S. 
Department of Agriculture, Forest Service, Pacific Southwest Research Station. 
712 p. 2 vol.

A team of scientists integrated recent research to inform forest managers, stake-
holders, and interested parties concerned with promoting socioecological resilience 
in the Sierra Nevada, southern Cascade Range, and Modoc Plateau. Among the 
focal topics were forest and fire ecology; soils; aquatic ecosystems; forest carni-
vores including Pacific fisher, marten, and California spotted owl; air quality; and 
the social, economic, and cultural components of socioecological systems. The 
synthesis adopted a holistic perspective by focusing on issues that cross scientific 
disciplines and considering the integrated nature of terrestrial and aquatic systems 
and the interconnections between restoration of ecological processes and the social 
and economic concerns of communities. A central theme is the importance of 
restoring key ecological processes to mitigate impacts of widespread stressors to 
socioecological resilience, including changes in climate, fire deficit and fuel accu-
mulations, air pollution, and pathogens and invasive species. Key findings from 
the synthesis were that (1) efforts to promote resilience of socioecological systems 
increasingly consider the interaction of social values and ecological processes in 
pursuit of long-term mutual benefits and social learning for local communities and 
larger social networks; (2) strategic placement of treatments to reduce hazardous 
fuel accumulations and to restore fire as an ecosystem process within large land-
scapes can lower the risk of uncharacteristically large, severe, and dangerous fires, 
and their associated impacts to sensitive wildlife species; and (3) science suggests 
a need for active treatment in some riparian and core wildlife habitat to restore fire 
and its ecological benefits. Forest landscape management will need to be adaptive 
as the impacts of stressors and treatments on a range of socioecological values are 
determined by further research and monitoring.

Keywords: ecological restoration, socioecological systems, ecosystem resil-
ience, forest planning, fire management, altered fire regimes, wildfire, climate 
change, anthropogenic disturbance, invasive species, water resources, species of 
conservation concern, California.
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Executive Summary
Objective
This synthesis distills important findings from recent studies to help inform manag-
ers, stakeholders, and others interested in promoting socioecological resilience in 
the Sierra Nevada and southern Cascade Range. As national forests are undertaking 
revision of land and resource management plans, there is an important opportunity 
to review existing science while charting directions for ecosystem management. 
Information was synthesized and structured to examine concepts and issues that cut 
across science disciplines, address relevant challenges holistically, and identify gaps 
in previous research. The synthesis considers both terrestrial and aquatic systems, 
and discusses interconnections between social and ecological components and 
processes.

Focal Area
The forested mountains of the Sierra Nevada, the southern Cascade Range, and 
the Modoc Plateau (fig. 1) are the focus of this report. Some specific ecological 
examples may not be applicable to drier landscapes in the eastern rain shadows 
of the mountains, which are more representative of the Great Basin. However, the 
appendix includes references to recent and relevant integrative science reports, 
including a 2013 synthesis to support land management in southern Nevada.1

Socioecological Resilience and the Planning Rule
An overarching question guided the development of the synthesis:
	 Based on recent scientific advances, what management strategies are likely 

to promote resilience of socioecological systems and sustain values-at-risk 
in the synthesis area over the short and long term given expected stressors?

A socioecological system is a dynamic association of biophysical and social 
factors that regularly interact and continuously adapt to regulate flows of critical 
resources, such as biodiversity, water, nutrients, energy, materials, infrastructure, 
and knowledge. This framework also addresses two key ideas in the 2012 Forest 
Planning Rule:
•	 Pursuing “opportunities for landscape scale restoration,” and
•	 Emphasizing “wildland fire and opportunities to restore fire-adapted  

ecosystems.”

1 Chambers, J.C.; Brooks, M.L.; Pendleton, B.K.; Raish, C.B., eds. 2013. The southern 
Nevada agency partnership science and research synthesis: science to support land 
management in southern Nevada. Gen. Tech. Rep. RMRS-GTR-303. Fort Collins, CO: U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station. 207 p. 



v

Figure 1—Focal areas of the ecological portions of this synthesis are the conifer-dominated forests in the 
mountains of the Sierra Nevada, southern Cascade Range, and Modoc Plateau. LTBMU = Lake Tahoe 
Basin Management Unit.
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Despite efforts to 
suppress it, fire will 
continue to serve as a 
catalyst that changes 
the landscape during 
periods of rapid 
climate change.

Stressors
Examples of widespread stressors to socioecological resilience include, but are  
not limited to:
•	 Changing climate, associated with warming temperatures and shifts in  

precipitation from snow to rain. 
•	 Fire deficit and fuels build-up across nearly 3 million acres in the Sierra 

Nevada.
•	 Air pollution, including nitrogenous compounds, ozone, mercury, and  

black carbon.
•	 Terrestrial and aquatic pathogens and invasive species.
•	 Demographic, economic, and social changes, including demand for  

ecological services within the region and from areas farther removed.

These stressors are expected to push systems toward novel conditions that 
require forward thinking about reference conditions and evaluation of synergistic 
effects. An example that illustrates the effects of interacting stressors is the decline 
of endemic amphibians in high-elevation lake ecosystems, which have been 
affected by stocked fish species and chytrid fungus, and may also be threatened by 
air pollution and climate change. A terrestrial example is white pine blister rust, an 
introduced disease that interacts with changes in tree density and forest composi-
tion, climate change, and management actions such as tree planting. Monitoring, 
modeling, field experiments, and proactive adaptive management will be needed to 
evaluate long-term system response to stressors and interventions.

A key point of this synthesis, and many other works that have preceded it, is the 
primary role of fire in shaping the forest’s structure, composition, and ecological 
processes before the 20th century. Since that time, there has been a substantial 
increase in fuels and a shift in the fire regime toward less frequent, more severe 
burns in the mixed-conifer and yellow pine forest types that predominate across 
much of the synthesis area. Despite efforts to suppress it, fire will continue to serve 
as a catalyst that changes the landscape during periods of rapid climate change.

Integrative Strategies to Promote Socioecological Resilience
Three major themes are identified that are essential for socioecological resilience: 
integrating considerations of social well-being, promoting more natural ecological 
disturbance regimes, and adopting an adaptive management framework that pro-
motes social learning.
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1.	 Integrating social and ecological considerations—
•	 Identifying important socioecological values and promoting societal 

well-being: In treatment design, consideration of larger societal well-
being, including impacts on local communities and economies, can help 
identify opportunities to facilitate joint social and ecological benefits. 
Ecosystem services such as biodiversity and habitat, waterflows, forest 
products, traditional cultural resources and associated livelihoods, and 
a sense of place are important in promoting resilience. More integrated 
and applied research is needed to better understand many of these values 
and potential tradeoffs among different management approaches. 

•	 Reducing vulnerabilities to major disruptions: Although patches of high-
severity fire can be locally important for rejuvenating systems, very 
large, severe, and dangerous wildfires have short- and long-term social, 
economic, and ecological impacts (fig. 2), including impacts to human 
health; degradation of soil, water, and habitat quality; and losses of wood 
products and stored carbon.

•	 Building upon existing community capacity and cultivating trust: The 
capacity to mitigate and adapt to these risks depends on strategies that 
address various scales, complex layers of socioeconomic and sociocul-
tural values and concerns, and institutional boundaries and constraints. 
The importance of cultivating trust and engaging diverse stakeholders in 

Figure 2—The Rim Fire on the Stanislaus National Forest and in Yosemite National 
Park became the premier example of an uncharacteristically large fire burning under 
severe conditions in the synthesis area in August and September 2013. It produced a 
number of immediate effects including evacuations, loss of property, poor air quality, 
and impacts to infrastructure that went beyond the synthesis area.
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Although patches of 
high-severity fire can 
be locally important for 
rejuvenating systems, 
very large, severe, and 
dangerous wildfires 
have short and long-
term social, economic, 
and ecological impact, 
including impacts 
to human health, 
degradation of soil, 
water, and habitat 
quality, and losses of 
wood products and 
stored carbon.
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decisionmaking processes 
has been demonstrated. 
Incorporating traditional 
and local ecological 
knowledge and facilitating 
social learning are impor-
tant strategies for promot-
ing resilience to stressors 
that may also build upon 
existing community 
capacity. For example, 
collaboration with tribal 
communities has revealed 
how traditional burning 
practices can promote eco-
logical and social benefits 
(fig. 3).

2.	 Restoring reference disturbance regimes and heterogeneity at  
	 multiple scales—

•	 Research indicates that strategic placement of treatments to reduce haz-
ardous fuel accumulations and to restore fire as an ecosystem process 
within large landscape areas can reduce the risk for undesirable social 
and ecological outcomes associated with uncharacteristically large, severe 
fires, including impacts to wildlife species of concern.

•	 Targeting and designing treatments based upon reference disturbance 
regimes and ecological trajectories can reduce impacts from severe wild-
fires in areas where interventions may be contentious, including forested 
riparian areas, wildlife core areas, postfire landscapes, and upper montane 
forests; however, more research is needed, especially on long-term effects 
of interventions in these systems. 

•	 In terrestrial systems, application of fire in concert with silvicultural 
treatments can reestablish fire regimes and heterogeneity at multiple 
scales (fig. 4). Using combinations of indicators that relate to key 
processes at various scales (for example, fire return interval and patch size 
of high-severity fires at broad scales, and heterogeneity of stand structure 
and fuels at finer scales) can help to evaluate restoration progress.

Figure 3—Tending practices, including frequent use of fire, that Native Americans have applied 
to California black oaks demonstrates ways to meet needs of humans and wildlife while sustain-
ing productive forests that are resilient to wildfire. 
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•	 In aquatic systems, restoration efforts aim to support native food webs and 
promote dynamic but resilient systems that benefit from reference distur-
bance regimes, including both fire and flooding.

3.	 Applying strategic treatment at a landscape scale with  
	 adaptive management—

•	 Using large (40 000- to 80 000-ha [100,000- to 200,000-ac]) experi-
mental areas: Most existing experimental areas (fig. 5) are too small to 
evaluate dynamics of wildlife with large home ranges. Within larger 
experimental areas, modeling tools (already developed for fisher and in 
progress for owl habitat) and existing datasets (southern Sierra Nevada 
fisher occupancy and owl demographic studies) could be used to evalu-
ate effects of both treatments and wildfires on wildlife species with large 
home ranges.

•	 Evaluating active treatments for riparian and wildlife zones: Science 
generally supports the need to treat some riparian and core wildlife 
zones to restore fire regimes and resiliency. Continuing research is 
needed to evaluate what levels of treatment yield net benefits or neutral 
impacts to wildlife species and aquatic resources.

•	 Applying a phased approach to treatment, combining the use of wildfire, 
prescribed fire, and silviculture: Designing treatment strategies to pro-
mote desired values across large landscapes, while targeting fuels reduc-
tion treatments into specific portions of those landscapes, can be more 
efficient and allow more areas to be moved out of fire suppression into a 
fire maintenance regime. These approaches facilitate the reestablishment 
of fire as an ecological process. Under this approach, there would still be 
a substantial need for mechanical thinning in other areas, which would 
ensure a continuing supply of wood and economic returns to facilitate 
restorative treatments. A strategic approach (already underway in some 
areas) would include three phases:

1.	 Strategic defensive fuels reduction.
2.	 Restorative treatments in a fraction of the landscape (there is a need 

to evaluate the extent of such treatments using models in an adaptive 
management framework).

3.	 Maintenance of previously treated areas and extension of treatment 
across the landscape using managed wildfire, with additional under-
story burning and mechanical treatments as needed, and with adapta-
tion as wildfires and climate change alter conditions and risks.

Designing treatment 
strategies to promote 
desired values across 
large landscapes, 
while targeting fuels 
reduction treatments 
into specific portions 
of those landscapes, 
can be more efficient 
and allow more areas 
to be moved out of fire 
suppression into a fire 
maintenance regime. 
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Figure 5—Owl demographic study areas (in black) are much larger than existing experimental forests, so they can facilitate 
efforts to evaluate landscape-scale effects on wildlife. LTBMU = Lake Tahoe Basin Management Unit. YOSE = Yosemite 
National Park. SEKI = Sequoia-Kings Canyon National Parks. Map by Ross Gerrard.
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Figure 6—Multiple fires have burned large patches with high severity in the watershed of Antelope Lake. Fire boundaries illustrated 
by Brandon Collins.
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Multiple fires with high 
severity have potential 
for both short- and 
long-lasting impacts to 
ecological trajectories, 
watersheds and streams, 
socioeconomic values, 
and wildlife.

•	 Facilitating integrated ecosystem management by addressing cross-cutting 
research gaps: Success in promoting well-being in socioeconomic systems 
will depend not only on considering the condition of terrestrial, aquatic, 
and human systems in broad terms, but also on understanding the effects 
of management actions over long periods, particularly following major 
change events such as wildfires (including postfire treatments such as 
salvage logging). Multiple fires with high severity have potential for both 
short- and long-lasting impacts to ecological trajectories, watersheds and 
streams, socioeconomic values, and wildlife (fig. 6).



xiii

Contents 
Volume 1
	 1	 Section 1—Overview and Integration
	 3	 Chapter 1.1—Introduction
		  Jonathan Long, Carl Skinner, Hugh Safford, Susan Charnley,  
		  and Patricia Winter
	 3	 Purpose
	 4	 Synthesis Area
	 4	 Scope and Approach
	 7	 Focus on Peer-Reviewed Literature
	 8	 Structure
	 8	 Definitions of Resilience and Related Concepts
	 9	 Restoration
	 9	 Integrity
	 10	 Processes, Disturbances, and Stressors
	 10	 Ecological Resilience
	 11	 Integration of Social and Ecological Systems and  
		  Socioecological Resilience
	 11	 Socioecological Resilience and Adaptability
	 14	 Literature Cited

	 17	 Chapter 1.2—Integrative Approaches: Promoting  
		  Socioecological Resilience
		  Jonathan Long, Carl Skinner, Malcolm North, Carolyn Hunsaker,  
		  and Lenya Quinn-Davidson
	 17	 Introduction
	 18	 The Challenge of Multiple Stressors
	 20	 Conditions That May Reduce Socioecological Resilience
	 24	 Risks of Insufficient Treatment
	 26	 Recognizing and Resolving Scale Mismatches
	 28	 Strategies to Promote Socioecological Resilience
	 29	 Promoting Heterogeneity, Emulating Natural Disturbances,  
		  and Restoring Processes
	 33	 Social and Ecological Integration
	 37	 Employing Adaptive Management Strategies
	 37	 Phased Strategies for Long-Term Resilience
	 44	 Management Implications
	 45	 Literature Cited

	 55	 Chapter 1.3—Synopsis of Emergent Approaches
		  Malcolm North, Brandon Collins, John Keane, Jonathan Long,  
		  Carl Skinner, and Bill Zielinski
	 56	 Managing Forests for Resilience
	 58	 Management Implications
	 58	 Restoring Fire as an Ecological Process
	 61	 Management Implications



xiv

	 61	 Demonstration Landscapes for Reconciling Fuels Treatment, Wildlife  
		  Habitat, and Riparian Restoration
	 64	 Management Implications: Demonstration Landscapes
	 66	 Literature Cited

	 71	 Chapter 1.4—Synopsis of Climate Change
		  Angela Jardine and Jonathan Long
	 71	 Introduction
	 71	 Observed and Predicted Climate Change in the Synthesis Area
	 74	 Approaches to Promote Resilience to Climate Change
	 79	 Literature Cited

	 83	 Chapter 1.5—Research Gaps: Adaptive Management to  
		  Cross-Cutting Issues
		  Jonathan Long, Carl Skinner, Malcolm North, and Lenya Quinn-Davidson 
	 83	 Summary of Cross-Cutting Research Gaps
	 84	 Building on Adaptive Management Efforts
	 88	 Research Gaps
	 89	 Changes in Upper Montane and Subalpine Forests
	 91	 Restoration of Forested Riparian Areas
	 91	 Effects of Wildfires, Particularly Long Term
	 93	 Effects of Post-Wildfire Treatments
	 94	 Effects of Restoration Treatments on Ecological Services and  
		  Other Social Values
	 94	 Performance Criteria
	 95	 Management Implications
	 96	 Literature Cited

	101	 Section 2—Forest Ecology
	103	 Chapter 2.1—Forest Ecology
		  Malcolm North
	103	 Summary
	104	 Introduction
	104	 Tree Regeneration and Canopy Cover
	108	 Red Fir Forests
	113	 Forest Treatments to Facilitate Fire Affects Heterogeneity
	114	 Carbon Management in Fire-Prone Forests
	118	 Literature Cited

	127	 Section 3—Genetics of Forest Trees
	129	 Chapter 3.1—Genetics of Forest Trees
		  Jessica Wright
	129	 Summary
	129	 Introduction
	132	 Provenance Tests
	135	 Recognition and Management of Provenance Test Sites on National Forests
	136	 Management Implications



xv

	136	 Literature Cited
	139	 Glossary

	141	 Section 4—Fire 
	143	 Chapter 4.1—Fire and Fuels
		  Brandon Collins and Carl Skinner
	143	 Summary
	143	 Introduction
	144	 Fire in Sierra Nevada and Southern Cascade Range Ecosystems
	144	 Historical Role of Fire
	149	 Altered Ecosystems
	150	 Trends
	151	 Effects of Ecosystem Management Strategies
	151	 Passive Management (No Action, With Continued Fire Suppression)
	151	 Vegetation Management
	153	 Landscape-Scale Considerations
	156	 Fire Management
	160	 Literature Cited

	173	 Chapter 4.2—Fire and Tribal Cultural Resources
		  Frank Lake and Jonathan Long
	173	 Summary
	173	 Introduction
	175	 Burning to Promote Tribal Cultural Values and Ecological Restoration
	176	 Effects of Fire on Culturally Valued Plant Resources
	179	 Landscape-Scale Effects of Burning Practices
	179	 Ecological Issues in Reestablishing Frequent Fire
	180	 Collaborations to Promote Traditional Burning and Cultural Resources
	182	 Research Gaps	
	182	 Management Implications
	182	 Literature Cited

	187	 Chapter 4.3—Post-Wildfire Management
	187	 Summary
	188	 Introduction
	189	 Short-Term Management Actions and Recommendations
	190	 Hillslope Erosion
	193	 Debris Flows
	194	 Identifying Erosion Hotspots Using Landscape Analysis Tools
	195	 Research Needs
	195	 Postfire Salvage Logging and Replanting
	196	 Reviews of Ecological Considerations
	201	 Social Considerations
	203	 Management Guidance and Research Gaps
	203	 Managing Long-Term Post-Wildfire Outcomes
	205	 Landscape Approach and Multi-Scale Heterogeneity



xvi

	206	 Advance Planning and Collaboration
	207	 Monitoring and Research
	208	 Management Implications
	209	 Literature Cited

	221	 Section 5—Soils
	223	 Chapter 5.1—Soils
		  Emily Moghaddas and Ken Hubbert
	223	 Summary
	223	 Introduction
	225	 Sierra Nevada Geology and Soils
	226	 Priorities in Soil Management
	227	 Prevent Soil Loss
	227	 Minimize Physical Disturbance
	229	 Evaluate Changes in Nutrient Capital and Turnover
	229	 Recognize Effects on Organic Matter and Soil Biota
	230	 Management Effects on Soils
	230	 Mechanical Forest Restoration and Fuel Treatments
	236	 Prescribed Fire Treatments
	243	 Effects of Wildfire
	247	 Knowledge Gaps
	248	 Management Implications
	250	 Literature Cited

	263	 Section 6—Water Resources and Aquatic Ecosystems
	265	 Chapter 6.1—Watershed and Stream Ecosystems
		  Carolyn Hunsaker, Jonathan Long, and David Herbst
	265	 Summary
	266	 Introduction
	267	 Values and Services of Aquatic Ecosystems
	269	 Resilience and Degradation in Stream Ecosystems
	269	 Climate Change Effects on Watersheds and Stream Ecosystems
	269	 Effects on Hydrology
	274	 Effects on Channel Processes
	277	 Effects on Aquatic Ecosystems
	280	 Effects on Biological Indicators of Water Quality
	282	 Water Resources
	282	 Water Quantity
	283	 Water Quality
	302	 Strategies to Promote Resilience of Water and Aquatic Ecosystems
	302	 Promoting Favorable Waterflows
	304	 Promoting Resilience of Aquatic Ecosystems
	307	 Literature Cited



xvii

	323	 Chapter 6.2—Forested Riparian Areas
		  Carolyn Hunsaker and Jonathan Long
	323	 Summary
	323	 Introduction
	324	 Fire History and Behavior in Riparian Areas
	327	 Wildfire Effects on Riparian Areas
	327	 Influences on Riparian Functions
	327	 Stream Order
	328	 Large Wood
	328	 Microclimate Effects
	329	 Recent Research
	329	 Prescribed Burning
	330	 Aspen Management
	330	 Terrestrial Amphibians
	331	 Research Gaps and Management Implications
	335	 Literature Cited

	341	 Chapter 6.3—Wet Meadows 
		  Jonathan Long and Karen Pope
	341	 Summary
	342	 Introduction
	343	 Promoting Resilience in Wet Meadow Ecosystems
	344	 Channel Incision
	346	 In-Stream Structural Approaches
	347	 Evaluating Benefits of Meadow Restoration
	350	 Grazing Management and Wet Meadow Restoration
	353	 Monitoring and Evaluation
	356	 Research Gaps and Pending Research
	360	 Integrated Socioecological Approaches to Stream and  
		  Meadow Restoration
	362	 Management Implications
	362	 Literature Cited

	373	 Chapter 6.4—Lakes: Recent Research and Restoration Strategies
		  Karen Pope and Jonathan Long
	373	 Summary
	374	 Socioecological Significance of Lakes
	375	 Conservation Issues and Restoration Options	
	375	 Climate Change
	376	 Introduced Species
	378	 Amphibian Disease
	379	 Pollution
	380	 Terrestrial Influences on Lakes
	381	 Metrics for Lake Assessments
	383	 Management Implications
	384	 Literature Cited



xviii

Volume 2
	391	 Section 7—Terrestrial Wildlife
	392	 Literature Cited
	393	 Chapter 7.1—The Forest Carnivores: Marten and Fisher
		  William Zielinski
	393	 Summary
	394	 The Important Role of Predators in Ecosystems
	396	 The Fisher and the Marten in Context
	398	 Marten Ecology
	401	 Fisher Ecology
	403	 Population Status
	403	 Marten Populations
	405	 Fisher Populations
	406	 Threats to the Species and Implications for Management
	406	 Marten—Threats
	410	 Management Implications—Marten
	411	 Fisher—Threats
	414	 Management Implications—Fisher
	417	 Climate Change Implications—Marten and Fisher
	418	 Information Gaps
	422	 References

	437	 Chapter 7.2—California Spotted Owl: Scientific Considerations for  
		  Forest Planning
		  John Keane
	437	 Summary
	438	 Introduction
	439	 Ecological Context
	440	 Population Distribution, Status, Trends, and Genetics
	440	 Historical and Current Distribution
	440	 Population Status and Trends
	441	 Population Genetics
	442	 Habitat Associations
	442	 Patch/Stand Scale
	443	 Core Area/Home Range/Territory Scale
	445	 Landscape Scale
	445	 Effects of Forest Management and Wildfire
	445	 Forest Management
	447	 Wildfire
	449	 Additional Ecological Stressors
	449	 Barred Owls
	450	 Climate Change
	451	 Disease and Contaminants
	452	 Human Recreation and Disturbance
	453	 Integration of Current Forest Management With California Spotted Owl  
		    Management and Conservation



xix

	456	 Adaptive Management, Monitoring, and Information Needs	
	458	 Literature Cited

	469	 Section 8—Air Quality
	471	 Chapter 8.1—Air Quality
		  Andrzej Bytnerowicz, Mark Fenn, and Jonathan Long
	471	 Summary
	472	 Values at Risk from Air Pollution
	472	 Ozone
	477	 Nitrogen Deposition
	482	 Interactive Effects of Ozone, Nitrogen Deposition, and Climate Change
	482	 Impacts of Other Pollutants
	482	 Forest Management Strategies to Address Pollutant Effects
	484	 Fires, Smoke, and Air Quality
	485	 Effects of Management Strategies
	486	 Research Needs
	488	 Management Implications
	488	 Literature Cited

	497	 Section 9—Social/Economic/Cultural Components
	499	 References
	501	 Chapter 9.1—Broader Context for Social, Economic,  
		  and Cultural Components
		  Patricia Winter, Jonathan Long, Frank Lake, and Susan Charnley
	501	 Summary
	501	 Introduction
	502	 Demographic Influences in the Synthesis Area
	502	 Population Change, 1990 to 2012
	504	 Amenity Migration
	506	 Population Increases
	510	 Place Meanings Link to a Diverse and Growing Population
	513	 Recreation and Tourism
	527	 Literature Cited

	543	 Chapter 9.2—Ecosystem Services
		  Trista Patterson
	543	 Summary
	544	 Overview and Chapter Organization
	545	 Importance of Ecosystem Services Within the Synthesis Region
	546	 Characterizing Ecosystem Services
	546	 Which Definition Is Best, and for Which Purpose?
	547	 Forest Service Use of the Ecosystem Service Concept
	550	 Frameworks for Adaptive Management
	552	 Addressing and Assessing Value
	553	 Valuation Methodologies
	555	 Payments for Ecosystem Services
	556	 Addressing Rising Demands for Ecosystem Services



xx

	558	 Conclusions and Directions for Future Research
	559	 Literature Cited

	569	 Chapter 9.3— Sociocultural Perspectives on Threats, Risks, and Health
		  Patricia Winter, Jonathan Long, and Frank Lake
	569	 Summary
	569	 Introduction
	570	 How Sierra Nevada Ecosystem Health Is Related to Public Health  
		    and Well-Being
	574	 Understanding Trust and Confidence
	577	 Ecosystem Dynamics, Threats and Risks
	577	 Climate Change
	581	 Wildland Fire
	585	 Invasive Species
	587	 Decisionmaking Science and Effects on Risk Management
	588	 Literature Cited

	599	 Chapter 9.4— Strategies for Job Creation Through National  
		  Forest Management
		  Susan Charnley
	599	 Summary
	599	 Introduction
	601	 Forest-Community Relations
	601	 Community Stability
	602	 Community Well-Being and Community Capacity
	604	 Community Resilience
	605	 Job Creation Through National Forest Management
	605	 Make Better Use of Existing Authorities and Tools
	611	 Invest in Project Work Strategically
	615	 Implement Projects That Build on Local Community Capacities  
		  and Priorities
	616	 Invest in Recreation Infrastructure, Opportunities, and Partnerships
	618	 Conclusions
	619	 Management Implications: Strategies for Improving Job Creation Through  
		  National Forest Management
	621	 Literature Cited

	629	 Chapter 9.5— Managing Forest Products for Community Benefit
		  Susan Charnley and Jonathan Long
	629	 Summary
	629	 Introduction
	631	 Timber Production and the Wood Products Industry
	631	 Trends in Harvesting, Employment, and the Industry
	636	 Impacts of Reduced Federal Timber Harvesting on Communities
	638	 Tools
	638	 Future Prospects and Management Implications
	640	 Management Implications: Maintaining California’s Wood Products Industry



xxi

	641	 Biomass Utilization
	641	 Economic Issues
	646	 Social Issues
	647	 Tradeoffs
	648	 Tools
	649	 Management Implications: Opportunities to Increase Biomass  
		  Utilization From National Forests
	649	 Nontimber Forest Products
	650	 Management Implications: Nontimber Forest Product Harvesting
	651	 Grazing
	653	 Management Implications: Grazing on National Forests
	653	 Conclusions
	654	 Literature Cited

	663	 Chapter 9.6— Collaboration in National Forest Management
		  Susan Charnley, Jonathan Long, and Frank Lake
	664	 Summary
	664	 Introduction
	664	 Collaboration in National Forest Management
	666	 Ingredients for Successful Collaborations
	668	 Benefits of Collaboration
	668	 Lessons Learned from the Dinkey Creek Collaborative
	670	 All-Lands Approach to Forest Management: Opportunities and Challenges
	674	 Models for Collaborative Forest Management
	676	 Fire Safe Councils
	677	 Fire Learning Networks
	679	 Community Wildfire Protection Plans
	680	 Collaborative Forest Landscape Restoration (CFLR) Projects
	681	 Prescribed Fire Councils
	681	 Stewardship Contracting
	682	 Watershed Restoration and Enhancement Agreement (Wyden) Authority
	683	 Participatory Action Research
	683	 Educational Outreach to Promote Collaboration
	684	 GIS as a Tool for Collaborative Land Management
	686	 Traditional and Local Ecological Knowledge
	687	 Relevance of TEK/LEK
	688	 Engagement with TEK/LEK Holders and Practitioners
	689	 Filling Gaps in Knowledge
	690	 Collaboration in Monitoring and Adaptive Management
	693	 Conclusions
	693	 Literature Cited

	704	 Acknowledgments
	705	 English Equivalents
	706	 Appendix




