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ABSTRACT 

Climate change predictions for the U.S. Pacific Northwest include overall warming and potentially increased winter 
precipitation and decreased summer precipitation. Information on the potential impacts of these changes is essential to 
manage National Forest System lands for the future. The objective of this study is to assess the vulnerability of forest 
trees of Washington and Oregon to climate change and to propose practical management actions that will work under a 
variety of future climate scenarios and will conserve biodiversity and increase resiliency in Pacific Northwest national 
forests. 
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Climate change presents new challenges to forest 
managers. We ask ourselves how climate change 
might impact forest resources and what we can do 
about it. We need new information and insights. At 
stake is our ability to make thoughtful, science-based 
decisions and to add climate change considerations to 
our projects and management plans. We also must 
prioritize among the opportunities that can be included 
in adaptation strategies because funding and time are 
limited, now more than ever.     

This report provides information that can help in the 
effort to determine the potential implications of 
climate change on the management, restoration, and 
conservation of forest tree species of the Pacific 
Northwest. Designed and conducted with National 
Forest System professionals in mind, the project 
addresses several elements of the USDA National 
Roadmap for Responding to Climate Change (USDA 
Forest Service 2011b): integrate science and 
management, develop partnerships, assess 
vulnerability, develop action items, and monitor 
change.   

The core of this report is a vulnerability assessment of 
forest tree species, and recommended actions based on 
the results of that assessment that will sharpen the 
focus of activities on the most vulnerable species 
while simultaneously conserving biodiversity and 
building resiliency. In this analysis, we divided the 
region into six subregions with two to three forests in 
each subregion; this allowed us to focus on more 
localized tree species and populations, and 
geographical and climate attributes. Analyzing one 
forest at a time would have obscured broader trends; 
analyzing all forests at one time would have blurred 
important differences across the region.  

Our analytical approach does not include spatially 
explicit predictions of future tree species habitats. 
Rather, it uses life history traits, distribution, and pest 
and pathogen data for individual tree species—
combined with consensus regional climate 
projections—to rate each species’ relative 
vulnerability to a changing climate. We chose an 
analytical method that is transparent, flexible, and 
simple to apply. It can easily be adjusted and the 
analysis rerun to see how the vulnerability ranking of 
species might be affected by weighting or changing 
certain risk factors, or by changing the variables 
within the risk factors. The model and data are 
available at: http://ecoshare.info/projects/ccft/. 

It became evident during this effort that gathering 
information on individual tree species and learning 
about their life histories and distributions can be 
invaluable in evaluating which species might be 
vulnerable to climate change, why they might be 
vulnerable, and where data gaps exist. We encourage 
readers to look beyond the relative species rankings to 
see the particular factors that were critical in making a 
species more at-risk. 

The subregional recommendations are not meant to be 
all-inclusive. We intentionally did not include details 
on implementation, which will vary by forest; local 
expertise will determine the best local path. We hope 
that this report will instead serve as a springboard to 
develop individualized national forest climate change 
action plans that address a goal we all share: healthy, 
diverse national forests that are resilient far into the 
future, whatever that future might reveal itself to be.  

PREFACE 
“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.” —Glick and Stein (2010) 
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INTRODUCTION 
Climate change projections for the Pacific Northwest 
include year-round warming and potentially increased 
winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009). The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). However, there is a 
limited amount of information on climatic tolerance 
for many tree species and even less information on 
what complex interactions could result from 
ecosystem-wide exposure to a changing environment. 

   

OUR GOAL 
The goal of this analysis was to conduct an assessment 
of the vulnerability of individual forest tree species to 
climate change. An understanding of which tree 
species are most vulnerable will assist managers in 
efficiently allocating limited resources to the 
management of these species.  

OBJECTIVES 
The specific objectives of this analysis were to: 

1. Assess the relative vulnerability of forest trees 
of the Pacific Northwest to potential impacts 
of projected climate change. 

2. Recommend actions that will: 

• Improve understanding of changes taking 
place among tree species,  

• Maintain and increase forest biodiversity 
and increase resiliency, and 

• Prepare for an uncertain future. 

3. Collaborate in the implementation of these 
actions with the other land management 
agencies of Washington and Oregon. 

 

FORESTS OF THE PACIFIC 
NORTHWEST 
The study area was the Forest Service Pacific 
Northwest Region (Washington and Oregon) which 
encompasses over 25 million acres of land. Because 
forests of this region vary widely in composition and 
management issues, we divided the region into six 
subregional study areas to assess the various forest 
types in greater detail (see map at top of next page). 
After performing the six subregional analyses of 
climate change vulnerability, we combined these 
results into an overall, regional assessment, which is 
presented in this report; the subregional analyses are 
presented in appendices 1 through 6. 

The two primary ways through which vegetation 
managers can increase tree species diversity and alter 
species distribution are thinning and planting.  

During 2008 through 2010, the total area planted on 
the national forests of the Pacific Northwest Region 
averaged approximately 20,000 acres per year. 
Planting ranged from fewer than 100 acres per year on 
the Olympic and Mt. Baker-Snoqualmie National 

 
How can the national forests of 
the Pacific Northwest Region 
conserve biodiversity and 
increase resiliency given the 
predicted changes in 
temperature and precipitation? 
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Forests to more than 4,000 acres per year on the 
Deschutes and Umatilla National Forests. 

Regionally, thinning averaged approximately 123,000 
acres per year from 2008 through 2010; 48,000 of 
these acres were thinned commercially and 75,000 
acres were thinned precommercially. 

FOREST TREE SPECIES 
Our analysis includes the 57 native tree species of 
Washington and Oregon. Within each of our 
subregional analyses, we organized the tree species 
into three groups (see table on next page). Group 1 
consists of overstory tree species that are common in 
major portions of the subregion and are thus important 
components of the forest canopy and overall forest 
structure. These group 1 species are a major focus of 
this report because changes in their distribution or 
health could affect forest structure and habitat at a 
broad scale. Group 2 includes trees that are not 

 

significant components of the forest canopy owing to 
small size or to limited occurrence; these species may 
occur infrequently across broad areas or may be 
common within a limited habitat. Group 3 consists of 
trees that are rare within the study area.  

We created distribution maps for all tree species in 
each subregion to show documented occurrences using 
the latest available data (appendix 7; available online 
at: http://ecoshare.info/projects/ccft/). An example for 
the northwestern Oregon subregion is shown to the 
left. 

Drawing on information from a variety of published 
sources, we compiled profiles of the tree species 
(appendix 8; http://ecoshare.info/projects/ccft/). These 
profiles emphasize biological and ecological 
characteristics that were deemed relevant to the trees’ 
potential adaptation to predicted changes in climate. 

  

Boundaries of the six study areas of the Climate Change and Forest Trees project 
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List of native tree species and analysis groups for the six subregional study areas in Washington and Oregon1 
 Subregional study area 

Common name 
Western 

Washington 
Northwestern 

Oregon 
Eastern 

Washington 
Eastern 
Oregon 

Central 
Oregon 

Southwestern 
Oregon 

Alaska yellow-cedar 1 1 1 3  3 
Baker cypress      3 
Bigleaf maple 1 1 1   1 
Bitter cherry 2 2 2 2 2 2 
Black cottonwood 1 1 1 1 2 2 
Black hawthorn 2      Brewer spruce      3 
California black oak      1 
Canyon live oak      1 
Cascara 2 2 2 2 2 2 
Coast redwood      3 
Douglas-fir 1 1 1 1 1 1 
Engelmann spruce 1 1 1 1 1 1 
Golden chinquapin 3 2   2 2 
Grand fir 1  1    Grand fir-white fir complex  1  1 1 1 
Incense-cedar  2   1 1 
Jeffrey pine      1 
Knobcone pine      1 
Limber pine    3   
Lodgepole pine, Sierra 

lodgepole pine 
 

2 
 

1 
 

1 
 

1 
 

1 
 

1 
Mountain hemlock 1 1 1 3 1 1 
Netleaf hackberry   2 2   Noble fir 1 1 1    Noble fir-Shasta red fir complex    1 1 
Oregon ash 2 2    2 
Oregon crab apple 2 2     Oregon myrtle      2 
Oregon white oak 2 1 1   1 
Pacific dogwood 2 2    2 
Pacific madrone 2 2    1 
Pacific silver fir 1 1 1  1 1 
Pacific willow 2 2 2 2 2 2 
Pacific yew 2 2 2 2  2 
Paper birch 2  1 2   Peachleaf willow    2   Ponderosa pine 3 1 1 1 1 1 
Port-Orford-cedar      1 
Quaking aspen 2  1 1 2 2 
Red alder 1 1 2 2 2 1 
Rocky Mountain juniper 3  2 3   Rocky Mountain maple 2 2 2 2 2 2 
Scouler’s willow 2 2 2 2 2 2 
Shore pine 2 1    1 
Sitka spruce 1 1    3 
Subalpine fir 1 1 1 1 1 1 
Subalpine larch   1    Sugar pine  1   1 1 
Tanoak      1 
Water birch   2 2   Western hemlock 1 1 1  1 1 
Western juniper    1 1  Western larch  1 1 1 1  Western redcedar 1 1 1   1 
Western white pine 1 1 1 1 1 1 
White alder  2  2  2 
Whitebark pine 3 1 1 1 1 1 
1 Analysis group numbers are: group 1 (major canopy species), 2 (subcanopy or minor canopy species), or 3 (rare species). 
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FOREST TREE VULNERABILITY 
ASSESSMENT 

Methods 

A vulnerability assessment is a systematic process of 
identifying and quantifying the areas of vulnerability 
within a system (Glick and Stein 2010), or in this case, 
forest tree species. Our objectives for vulnerability 
assessment were to: (1) select a method that is 
straightforward to apply, transparent, flexible, and 
provides for easy application of sensitivity analysis; 
and (2) rank the tree species of Group 1 (see table to 
right) according to their vulnerability to climate 
change impacts.  

After testing several methods, we chose the Forest 
Tree Genetic Risk Assessment System, which rates 
each species according to intrinsic attributes and 
external threats that can influence the species’ 
vulnerability to climate change (Potter and Crane 
2010). We rated tree species for a number of 
characteristics organized into five risk factors: 
distribution, reproductive capacity, habitat affinity, 
adaptive genetic variation, and threats from insects and 
diseases. Each risk factor contained multiple variables 
quantifying each tree species’ vulnerability to climate 
change. 

We calculated an overall regional climate change 
vulnerability score (0 to 100) for each species by 
averaging the five risk factors, which were weighted 
equally. A higher score indicates higher climate 
change vulnerability as measured by these risk factors. 

 

 
 

 

 

Results: Group 1 species (widespread forest 
canopy trees), ranked by regional climate change 
vulnerability score 

Tree species 

Regional 
vulnerability 

score 
Whitebark pine 72 
Subalpine fir 70 
Pacific silver fir 65 
Engelmann spruce 62 
Subalpine larch 60 
Noble fir 58 
Grand fir 58 
Port-Orford-cedar 56 
Oregon white oak 55 
Alaska yellow-cedar 53 
Grand fir-white fir complex 51 
Quaking aspen 51 
Mountain hemlock 50 
Sugar pine 50 
Noble fir-Shasta red fir complex 48 
Pacific madrone 46 
Tanoak 46 
Lodgepole pine 46 
California black oak 45 
Western hemlock 42 
Douglas-fir 42 
Bigleaf maple 41 
Western larch 41 
Canyon live oak 40 
Jeffrey pine 39 
Western white pine 38 
Ponderosa pine 37 
Incense-cedar 36 
Western redcedar 36 
Paper birch 35 
Sitka spruce 33 
Red alder 30 
Knobcone pine 30 
Black cottonwood 29 
Western juniper 28 
Shore pine 17 
A higher score indicates greater vulnerability 
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Group 1 Tree Species 

Several trends were evident in the regional 
vulnerability scores: 

• Five species had regional vulnerability scores 
of 60 or higher: whitebark pine, subalpine fir, 
Pacific silver fir, Engelmann spruce, and 
subalpine larch. All these species occur in 
high- or mid-to-high-elevation habitat.   

• Nine species had regional vulnerability scores 
of 50 to 59: noble fir, grand fir, Port-Orford-
cedar, Oregon white oak, Alaska yellow-
cedar, the grand fir-white fir complex, quaking 
aspen, mountain hemlock, and sugar pine. 
These species represent a wide range in 
habitats. 

• Five species had regional vulnerability scores 
of 30 or lower: shore pine, western juniper, 
black cottonwood, knobcone pine, and red 
alder. All these species occupy low- or low-to-
mid-elevation habitats. 

• Most of the major commercial tree species of 
the region occurred toward the middle of the 
vulnerability rankings, although some true firs 
(Abies spp.) had high vulnerability. 

• Broadleaf species were scattered throughout 
the vulnerability rankings, although there were 
only two species ranked among the higher-
vulnerability trees (i.e., scores of 50 or 
higher): Oregon white oak (55) and quaking 
aspen (51). 

 

 

 

 

 

 

Group 2 and Group 3 Tree Species 

Group 2 tree species were predominantly non-
commercial; relative to group 1 species, little 
biological information was available for many of 
them. Therefore, instead of a formal vulnerability 
assessment, we examined general habitat requirements 
and reproductive characteristics relevant to climate 
change vulnerability. Implications for these species 
under a warming climate include: 

• Based on projections of increased summer 
moisture deficit, the group 2 tree species that 
are highly drought-tolerant (e.g., Pacific 
madrone, golden chinquapin, and Rocky 
Mountain juniper) may become more 
competitive in areas presently dominated by 
less drought-tolerant tree species. 

• The group 2 species that often colonize 
disturbed sites near streams and rivers (e.g., 
willow species, black cottonwood, and Oregon 
ash) may have increased opportunity for 
establishment under climate scenarios in 
which snowmelt and precipitation patterns 
increase major flood events, which create new 
habitat for them. 

• Many group 2 tree species are insect-
pollinated or produce seed that is dispersed by 
animals; thus, these species are vulnerable to 
changes in animal behavior associated with 
climate. However, vulnerability is likely to 
differ among these tree species based on 
number of animal associates and the 
specificity of the relationships. 

Group 3 consists of a variety of tree species that are 
rare within at least one of the six subregional study 
areas. Often these species are represented by disjunct 
populations that may be genetically distinct from the 
species’ contiguous distribution. Owing to their 
limited distributions, all of these species are already 
deemed vulnerable to the effects of climate change. 
The report includes specific recommendations for 
conserving and monitoring these species.  
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RECOMMENDATIONS 
The recommendations developed during the course of this project fall into three categories: 

1. Learn about and track changes in plant communities as the climate changes. Collect 
baseline data where needed. Monitor the impacts of a warming climate on the distribution 
and health of forest tree species. Look for triggers, such as an increase in the frequency of 
large-scale disturbance, which will indicate a need to change our management approach. 

2. Maintain and increase biodiversity and increase resiliency. Focus on increasing stand 
diversity of native forest trees through thinning and planting. Increase disease resistance. 
Preserve genetic diversity, especially of isolated populations, and implement ex situ gene 
conservation where appropriate. 

3. Prepare for the future. Given uncertainty about how climate changes will unfold, a 
number of future scenarios are possible. Select activities that will work under a variety of 
scenarios including a potential increase in disturbances such as fires, wind storms, and 
floods, which could be followed by greater spread of invasive plant species. 

 

 
“The results of this vulnerability assessment 
suggest that high-elevation tree species are at risk 
under a changing climate and therefore should be 
a focus of conservation and monitoring.” 
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  ACTION ITEMS BASED ON THE RESULTS OF THE  
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

1. Assess stand health and regeneration of subalpine fir, mountain hemlock, and 
Alaska yellow-cedar in western Washington and northwestern Oregon. 
These three high-elevation tree species were found to be most at risk based on our 
vulnerability assessment. This will establish baseline information that can be used to 
track changes over time and form the basis for a conservation and monitoring plan. 
 

2. Establish permanent plots in high-elevation stands in eastern Washington, 
eastern Oregon, and southwestern Oregon to monitor changes in tree growth, 
survival, and distribution.  
The most vulnerable tree species in these three subregions occur in specific areas 
that are described in table 30 in the report. It would be most efficient to establish 
permanent plots where most of the at-risk species co-occur. 
 

3. Develop conservation and monitoring plans for species limited to small or 
disjunct populations (table 31 in report).  
Each species’ plan should include surveys to verify location data, seed sampling for 
gene conservation, and needle collection for genetic studies. Where distributions 
span multiple ownerships, plans should include partnerships with other land 
managers. Genetic analysis, when appropriate, can be done in partnership with the 
National Forest Genetics Laboratory. Assessments of genetic variation and 
population structure will determine whether these small or disjunct populations are 
genetically distinct from populations within the contiguous part of the species’ 
distribution. This information is important because disjunct populations could become 
refugia under predicted climate change scenarios or, conversely, they might be more 
severely impacted because lack of gene flow would limit opportunities for immigration 
of more highly adapted genes from other populations. 
 

4. Continue and expand the survey and mapping program for whitebark pine, with 
participation by all land management agencies with whitebark pine habitat. 
This should include a refinement of the existing regional GIS layer of whitebark pine 
occurrences. Readily accessible data on whitebark pine’s present distribution are 
essential for monitoring and managing the species under climate change and 
pathogen threats. 
  

5. Maintain an inventory of high-quality seed for tree species for which seed is 
likely to be needed during the next 20 years. Place a priority on species that can 
be planted after disturbance. 
Accomplish this through the following steps: 
• Assess the viability of seed stored at the Forest Service storage facility at JH 

Stone Nursery and Bend Seed Extractory; 
• Retest viability as needed; 
• Discard non-viable seed; 
• Update Seed Procurement Plans to include new and replacement collections; and 
• Maintain area seed orchards, which serve as gene conservation areas and are 

the national forests’ most efficient source of high-quality tree seed. 
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  ACTION ITEMS BASED ON THE RESULTS OF THE  
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

6. Continue the national forests’ thinning and planting programs. 
• Thinning promotes: (1) greater biodiversity by increasing the proportion of less 

abundant conifer and hardwood tree species; (2) development of understory 
vegetation; (3) enhancement of the habitat value provided by forest stands; and 
(4) increased stand resistance and resiliency to disturbance and environmental 
stressors. Forest density management through thinning in combination with 
prescribed fire may be key in producing resilient stands in many dry forest types. 

• Continue to include, and increase when feasible, a variety of local, native tree 
species in planting prescriptions, with an emphasis on under-represented 
species. 

7. Partner with other land managers to create virtual cooperative tree seed banks. 
This would increase the likelihood that appropriate seed will be available for 
reforestation after large-scale disturbances such as fire or insect outbreaks. 
Landowners can maintain their own seed inventories, but enter in cooperative 
agreements to share seed in the event of a major disturbance. 

8. Expand gene conservation collections.  
Seed from rare species and disjunct populations should be collected for long-term ex 
situ gene conservation. These efforts are already under way for whitebark pine, but 
to-date no collections have been made for other species. Seed should be collected 
and sent to the USDA ARS National Center for Germplasm Preservation in Ft. 
Collins, CO. 

9. Monitor vegetative and reproductive phenology in seed orchards. 
Timing of phenology is closely linked to climate, and collecting data on annual 
phenology and microclimate will allow us to determine whether there are trends in 
how trees are responding to annual climate variation. A pilot program was established 
in 2011 in the Dennie Ahl Seed Orchard (Olympic National Forest) to develop 
protocols to monitor phenology of conifers in seed orchards in the Pacific Northwest. 
This pilot program was initiated in partnership with Dr. Constance Harrington of 
Pacific Northwest Research Station and the Washington State Department of Natural 
Resources. 

10. Catalog information on all known off-site forest plantations on the national 
forests, and create a GIS layer of these plantations. 
In the past, seed sources used for reforestation were sometimes not well-matched to 
the seed zones in which the seedlings were planted. Some of these off-site 
plantations may now provide valuable information on response of trees to climatic 
stressors comparable to those predicted to occur under future climate change 
scenarios. 

 
 

Note: Action items specific to the six subregional study areas appear in appendices 1 
through 6. 
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INTRODUCTION 
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ASSESSING CLIMATE CHANGE 
EFFECTS ON PACIFIC 
NORTHWEST FOREST TREE 
SPECIES 
Anthropogenic climate change is a great challenge to 
sustainable management of forests and grasslands 
because the rate of climatic change will likely exceed 
some species’ capability to adapt, which in turn will 
alter plant communities and ecosystems. Climate 
change projections for the Pacific Northwest show 
year-round warming, and some models indicate 
increased winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009). The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). The effects of long-
term climate changes on the composition and structure 
of Pacific Northwest plant communities are difficult to 
predict. There is limited information on the climatic 
tolerances of many species and even less information 
on what complex interactions could result from 
ecosystem-wide exposure to a changing environment. 

In 2008, a study was initiated to determine how best to 
adapt federal land management on the Olympic 
Peninsula, Washington, to enhance the resiliency of 
federal lands to the effects of climate change 
(Halofsky et al. 2011). The Olympic Climate Change 

Case Study—a partnership of the U.S. Department of 
Agriculture (USDA), Forest Service, Pacific 
Northwest Research Station and Olympic National 
Forest, with the U.S. Department of Interior (USDI), 
National Park Service, Olympic National Park—
examined hydrological processes and management of 
vegetation, fish and wildlife habitat, and roads to 
determine strategies and actions for adaptation to 
climate change. The adaptation strategies for 
managing vegetation under climate change included 
gene conservation, disease resistance, increasing 
biodiversity through planting and thinning, and 
increasing preparedness for large disturbances 
including potential increases in invasive species. 

Following the Olympic Climate Change Case Study, 
we launched the present effort to address the projected 
effects of climate change on forest tree species in 
Washington and Oregon (Forest Service Pacific 
Northwest Region). The project emphasizes National 
Forest System lands and management issues, although 
our analysis considers the regional distribution of each 
tree species across all land ownerships. To perform 
this assessment, we divided the region into six 
subregional study areas (table 1; fig. 1), so that each 
phase of the analysis could focus on the tree species 
and management issues unique to each area. The first 
of the six subregional assessments, focusing on 
western Washington (the Gifford-Pinchot, Mt. Baker-
Snoqualmie, and Olympic National Forests), was 
published previously (Aubry et al. 2011). The present 
report contains regional-scale analyses and 
recommendations and also includes the six subregional 
assessments as appendices. 

Table 1. National forests assessed in each subregion during the Climate Change and Forest Trees project 

Subregion National forests 
Location of subregional 

assessment 

Western Washington Gifford Pinchot, Mt. Baker-Snoqualmie, Olympic Appendix 1 

Northwestern Oregon Mt. Hood, Siuslaw, Willamette Appendix 2 

Eastern Washington Colville, Okanogan-Wenatchee Appendix 3 

Eastern Oregon Malheur, Umatilla, Wallowa-Whitman Appendix 4 

Central Oregon Deschutes and Ochoco, Fremont-Winema Appendix 5 

Southwestern Oregon Rogue River-Siskiyou, Umpqua Appendix 6 
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Figure 1. Boundaries of the six study areas of the Climate Change and Forest Trees project 
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Conserving forest biodiversity and studying the 
potential impacts of climate change on biodiversity are 
two critical issues of forest management in the 21st 
century. Biodiversity is often viewed from a global 
perspective (Wilson 1988), but in the present effort 
biodiversity is defined as the “genetic variation within 
species, the variety of species in an area, and the 
variety of habitat types within a landscape” (Duffy and 
Lloyd 2010). As components of biodiversity, 
individual species, habitats, and ecosystems can be 
conservation targets for vulnerability assessments 
(Glick and Stein 2010). It is critical to address the 
effects of a changing climate at the level of individual 
plant species because species respond differently to 
climate, with potential shifts in distribution resulting in 
novel species associations (Lovejoy and Hannah 2005, 
Williams and Jackson 2007, Williams et al. 2007). 
This work focuses on two central questions: (1) how 
may climate change affect forest tree species? and (2) 
what are the management implications of these 
potential impacts? 

The target audience for this report is vegetation 
managers on the national forests of the Pacific 
Northwest Region; consequently, the management 
options presented are based on the tools available to 
managers of National Forest System lands. However, 
this report also will provide useful information for 
other land managers in the Pacific Northwest who 
manage, restore, and conserve forests and woodlands 
under a changing climate. Land managers in other 
parts of the country will find that the methods used 
here can be applied to their plant communities using 
local information. Researchers will find signposts to 
the many questions yet to be answered concerning the 
impacts of climate change on forests and terrestrial 
habitats. 

This assessment provides information for the 
development of climate change adaptation strategies. 
Such strategies include both short-term and long-term 
management activities designed to respond to 
observed or anticipated climate change (Baron et al. 
2008). These activities may be part of land 
management planning, project development including 

the NEPA process, or resource management programs 
such as silviculture or genetics. 

This work is tiered to National Forest System priorities 
set in recent policy. The USDA Strategic Plan 
FY2010-2015 includes the strategic objective (2), 
Ensure Our National Forests and Private Working 
Lands Are Conserved, Restored, and Made More 
Resilient to Climate Change, While Enhancing Our 
Water Resources and sub-objective (2.2), Lead efforts 
to mitigate and adapt to climate change (USDA 
2010). The Forest Service response to climate change 
will include three types of actions—assess, engage, 
and manage—and will be measured by the 
accomplishment of 10 elements as described in the 
Performance Scorecard for Implementing the Forest 
Service Climate Change Strategy (USDA Forest 
Service 2011c).  The vulnerability assessment and 
recommended actions presented in this report involve 
following 6 of the 10 elements: educate employees, 
integrate science and management, develop 
partnerships, assess vulnerability, develop action 
items, and monitor change. 

Why Forest Trees? 

The potential effects of climate change on forest tree 
species are a priority for assessment because trees 
provide stand structure and dictate the composition of 
plant communities in the forests of the Pacific 
Northwest. Many tree species also have high economic 
or cultural values, and trees comprise most of the 
biomass production and aboveground carbon storage 
on national forests. Because trees are long-lived and 
have long generational intervals, tree species may be 
slower to adapt and migrate and thus may be more at 
risk to changes in climate than forb or grass species. 
Grasses, forbs, and shrubs that are at risk because of 
habitat loss or other factors (though not specifically 
because of projected climate change) are protected, 
monitored, and often restored under the Endangered 
Species Act and the Interagency Special 
Status/Sensitive Species Program (ISSSSP) 
(USDA/USDI 2011). 
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Fossil records from the last glaciation have revealed 
that tree species distributions change in response to 
long-term climate changes and the ranges of individual 
species shift in both latitude and elevation (Davis and 
Shaw 2001). Because climate affects tree species at an 
individualistic level according to their specific climatic 
tolerances (Davis 1981, Shugart et al. 2003), it is 
inevitable that, under long-term shifts in climate, new 
combinations of tree species and plant associations 
will occur that are not present today (Williams and 
Jackson 2007). Specifically, this individualistic pattern 
of tree range migration indicates that (Huntley 1991): 

• The composition of plant communities or 
plant association groups is not permanent and 
has resulted in new assemblages as 
environmental conditions have changed. 

• Future environmental changes will 
undoubtedly not duplicate the past in rate or 
degree, and we can expect to see novel species 
combinations. 

Assessing and managing at the individual-species level 
may appear more complex than working at broader 
scales, such as plant associations or habitats. However, 
certain activities, including seed production and ex situ 
gene conservation, must be accomplished at the 
individual-species level. For this reason, and because 
we cannot confidently predict the composition of 
future plant associations, it is critical to evaluate the 
potential impacts of climate change on individual tree 
species and to build and guide our actions according to 
these projected impacts. 

Projected Climate Changes 

The vulnerability assessment performed for this report 
is based on assumptions of how climate will change in 
the Pacific Northwest during the 21st century. 
Projected changes in climate for the Pacific Northwest 
include: 

Temperature: year-round increases in 
temperature are projected. The mean model 
projection is an increase of 0.5 °F (0.3 °C) per 

decade during the 21st century (Mote and Salathé 
2009). Increases in temperature are projected to be 
smallest near the coast and greatest at high 
elevations and in the interior Pacific Northwest 
(Salathé et al. 2008). 

Hydrology: Precipitation projections are much 
less certain than temperature projections, although 
some models suggest a possible trend toward an 
exaggeration of the present seasonal pattern (Mote 
and Salathé 2009; Salathé et al. 2008, 2010). The 
extent and duration of the seasonal snowpack are 
projected to decrease, especially at lower 
elevations; this will affect seasonal streamflow 
patterns in watersheds influenced by snowmelt 
(Elsner et al. 2010, Mote 2003, Salathé et al. 
2008). 

Atmospheric carbon dioxide (CO2) 
concentration: CO2 concentration is increasing at 
a mean annual rate of 1.8 ppm (NOAA ESRL 
2011). 

Climate Effects on Trees 

These and other changes in climate may influence the 
region’s tree species in a variety of ways. Increased 
temperatures increase growth rates of tree species that 
are temperature-limited (typically species in cooler, 
moister habitats), assuming that sufficient water and 
nutrients are available (Littell et al. 2010). However, 
the growth response of trees to warmer temperatures 
varies among species (Way and Oren 2010). Given the 
dry summers throughout most of the Pacific 
Northwest, increased summer temperatures, combined 
with earlier snowmelt and the possibility of less 
summer precipitation, could lead to greater depletion 
of soil moisture during summer and increased 
likelihood of summer drought stress (Elsner et al. 
2010, Littell et al. 2010). In the state of Washington, 
the extent of forests limited by water availability is 
expected to increase substantially during the 21st 
century (Littell et al. 2010); based on similarities in 
topography and climate, this pattern could also occur 
in Oregon’s forests. This increase in drought stress 
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could reduce seedling establishment and the survival 
of tree seedlings too young to have developed deep 
root systems (Hanson and Weltzin 2000). 

Because the effects of elevated CO2 are largely 
unknown for most of the tree species in this region, it 
was not practical to include this variable in this 
vulnerability assessment. However, elevated CO2 
could influence the response of trees to changes in 
other climate variables. A variety of experiments have 
linked elevated atmospheric CO2 concentration to 
increased tree growth rates (Ainsworth and Long 
2005, Curtis and Wang 1998). Perhaps of greater 
relevance here is the influence of elevated CO2 on tree 
drought tolerance. Increased atmospheric CO2 
concentration has been shown to reduce stomatal 
conductance and increase water use efficiency in trees 
(Ceulemans 1997, Ainsworth and Rogers 2007, Norby 
et al. 2006). Increased water use efficiency may reduce 
a tree’s stress under drought conditions (Guehl et al. 
1992). 

Climate and Forest Disturbance 

In addition to potential direct effects of climate on 
individual tree vigor and survival, climate-related 
stress could increase vulnerability of forests to large-
scale disturbance including fire and damage from 
insects and diseases (Dale et al. 2001). Changes in 
climate may directly or indirectly affect pathogens; in 
other cases, such as decline of Alaska yellow-cedar, a 
change in climate may lead to abiotic disease 
(Sturrock et al. 2011). An example of a direct climate 
effect on a pathogen is that of Phaeocryptopus 
gaeumannii (causing Swiss needle cast in coastal 
Douglas-fir forests), which is known to increase in 
abundance under warmer winter temperatures (Manter 
et al. 2005, Stone et al. 2008). An example of an 
indirect effect of climate on a pathogen occurs when 
drought-stressed trees become increasingly vulnerable 
to infection by Armillaria root disease (Lonsdale and 
Gibbs 1996). 

The area burned by wildfire each year is correlated 
with summer water deficit, which is projected to 

increase significantly during this century in the interior 
Pacific Northwest (Littell et al. 2009, 2010). Recent 
studies have projected significant increases (50 to 78 
percent) in annual area burned by the middle of the 
21st century (Spracklen et al. 2009, Littell et al. 2010), 
although in some forested ecosystems, such as those of 
eastern Washington, annual area burned was not 
projected to increase until after the 2020s (Littell et al. 
2010).  

GOALS AND OBJECTIVES 

Goal 

The goal of this analysis was to conduct an assessment 
of the vulnerability of individual forest tree species to 
climate change. An understanding of which tree 
species are most vulnerable will assist managers in 
efficiently allocating limited resources to the 
management of these species.  

Objectives 

The specific objectives of this project are to: 

• Assess the relative vulnerability of forest trees 
of the Pacific Northwest to potential impacts 
of projected climate change. 

• Recommend actions that will: 
o improve understanding of changes 

taking place among tree species,  
o maintain and increase forest 

biodiversity and increase resiliency, 
and 

o prepare for an uncertain future. 

• Collaborate in the implementation of these 
actions with the other land management 
agencies of Washington and Oregon.  
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METHODS 
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OVERVIEW 
Climate influences the growth, survival, and 
reproduction of tree species in numerous ways. If 
these climate influences are well-understood, they can 
be used to predict a tree species’ potential response to 
various climate scenarios. For the tree species of the 
Pacific Northwest, the process of evaluating potential 
climate effects was accomplished through a 
vulnerability assessment—a systematic process of 
identifying and quantifying areas of vulnerability 
within a system (Glick and Stein 2010). The 
assessment was undertaken to identify: (1) 
characteristics of individual forest tree species that 
could influence their response to long-term changes in 
climate, and (2) relative levels of vulnerability to 
climate change among tree species. We view this 
vulnerability assessment as a tool for prioritizing tree 
species to help managers more efficiently allocate 
limited resources to the most vulnerable tree species. 
In an earlier analysis of the climate change 
vulnerability of western Washington tree species 
(Aubry et al. 2011; appendix 1), we concluded that a 
vulnerability assessment approach was useful for 
detecting probable underlying causes of climate 
change vulnerability and for prioritizing management 
responses. 

THE STUDY AREA 
The study area was the Forest Service Pacific 
Northwest Region (Washington and Oregon). Because 
forests of this region vary widely in composition and 
management issues, we divided the region into six 
subregional study areas to assess the various forest 
types in greater detail (fig. 1). We found in the 
vulnerability assessment of western Washington 
(Aubry et al. 2011) that the most effective study area 
size, both for analysis and for interpretation of results 
by land managers, was one that combined several 
adjacent national forests. The first two subregional 
study areas (western Washington and northwestern 
Oregon) include all land ownerships in those portions 

of the two states. The remaining four subregions were 
based on the boundaries of the national forests within 
those subregions. This change was based on two 
factors: (1) our primary audience for these latter 
subregional analyses was Forest Service personnel, 
and (2) in the drier portions of these states, inclusion 
of lands outside the national forest system would have 
created study areas with a substantial amount of non-
forested lands that could potentially have biased our 
analysis of forest tree species. These latter four 
subregional boundaries that were based on national 
forest boundaries also included a 3-mi (5-km)-wide 
buffer, except where this buffer would have included 
portions of another study area or an area outside of 
Washington or Oregon. We added this buffer because 
tree distribution data showed that, without a buffer, we 
would exclude portions of some species’ populations 
relevant to our analysis. 

After performing the six subregional analyses of 
climate change vulnerability, we combined these 
results into an overall, regional assessment, which is 
presented here in the main body of this report. The 
subregional analyses are presented in appendices 1 
through 6. 

TREE SPECIES OF THE PACIFIC 
NORTHWEST REGION 
This report focuses on the tree species that are native 
to Washington and Oregon. Here, we define trees as 
woody perennials capable of producing a single stem 
with apical dominance and reaching at least 20 ft (6 m) 
in height. Of the 57 native tree species occurring in 
Washington and Oregon (tables 2 and 3), 32 are 
coniferous and 25 are broadleaf species. All of the 
conifers are evergreen, except for the two larch (Larix) 
species, which are deciduous. Of the 25 broadleaf 
species, 20 are deciduous, and 5 species—Pacific 
madrone, tanoak, canyon live oak, golden chinquapin, 
and Oregon myrtle—are evergreen. The pine (Pinus) 
genus contains 8 species, the greatest number of 
species of any genus in this analysis (varieties of 1 of  
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Table 2. Tree species included in the climate change vulnerability assessment of Washington and Oregon 
(continues) 

Species Common name Symbol Division Type 
Abies amabilis Pacific silver fir ABAM Conifer Evergreen 
Abies grandis - A. concolor1 Grand fir-white fir complex  ABGR-ABCO Conifer Evergreen 
Abies grandis Grand fir ABGR Conifer Evergreen 
Abies lasiocarpa Subalpine fir ABLA Conifer Evergreen 
Abies procera Noble fir ABPR Conifer Evergreen 
Abies procera - A. x shastensis 

[magnifica x procera] 1 
Noble fir - Shasta red fir 

complex 
ABPR-ABSH Conifer Evergreen 

Acer glabrum1 Rocky Mountain maple ACGL Broadleaf Deciduous 
Acer macrophyllum Bigleaf maple ACMA3 Broadleaf Deciduous 
Alnus rhombifolia White alder ALRH2 Broadleaf Deciduous 
Alnus rubra Red alder ALRU2 Broadleaf Deciduous 
Arbutus menziesii Pacific madrone ARME Broadleaf Evergreen 
Betula occidentalis Water birch BEOC2 Broadleaf Deciduous 
Betula papyrifera Paper birch BEPA Broadleaf Deciduous 
Calocedrus decurrens Incense-cedar CADE27 Conifer Evergreen 
Celtis laevigata var. reticulata Netleaf hackberry CELAR Broadleaf Deciduous 
Chamaecyparis lawsoniana Port-Orford-cedar CHLA Conifer Evergreen 
Chrysolepis chrysophylla Golden chinquapin CHCH7 Broadleaf Evergreen 
Cornus nuttallii Pacific dogwood CONU4 Broadleaf Deciduous 
Crataegus douglasii and  C. 

suksdorfii1 
Black hawthorn, Suksdorf’s 

hawthorn 
CRDO2, 
CRSU16 

Broadleaf Deciduous 

Cupressus bakeri Baker cypress CUBA Conifer Evergreen 
Cupressus nootkatensis Alaska yellow-cedar CUNO Conifer Evergreen 
Frangula purshiana  Cascara FRPU7 Broadleaf Deciduous 
Fraxinus latifolia  Oregon ash FRLA Broadleaf Deciduous 
Juniperus occidentalis Western juniper JUOC Conifer Evergreen 
Juniperus scopulorum1 Rocky Mountain juniper JUSC2 Conifer Evergreen 
Larix lyallii Subalpine larch LALY Conifer Deciduous 
Larix occidentalis Western larch LAOC Conifer Deciduous 
Malus fusca  Oregon crab apple MAFU Broadleaf Deciduous 
Notholithocarpus densiflorus Tanoak LIDE3 

 
Broadleaf Evergreen 

Picea breweriana Brewer spruce PIBR Conifer Evergreen 
Picea engelmannii Engelmann spruce PIEN Conifer Evergreen 
Picea sitchensis Sitka spruce PISI Conifer Evergreen 
Pinus albicaulis Whitebark pine PIAL Conifer Evergreen 
Pinus attenuata Knobcone pine PIAT Conifer Evergreen 
Pinus contorta var. contorta1 Shore pine PICOC Conifer Evergreen 
Pinus contorta vars. latifolia and 

murrayana1 
Lodgepole pine,                 

Sierra lodgepole pine 
PICOL,  
PICOM 

Conifer Evergreen 

Pinus flexilis Limber pine PIFL2 Conifer Evergreen 
Pinus jeffreyi Jeffrey pine PIJE Conifer Evergreen 
Pinus lambertiana Sugar pine PILA Conifer Evergreen 
Pinus monticola Western white pine PIMO3 Conifer Evergreen 
Pinus ponderosa Ponderosa pine PIPO Conifer Evergreen 
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Table 2, continued 

Species Common name Symbol Division Type 
Populus balsamifera ssp. 

trichocarpa 
Black cottonwood POBAT Broadleaf Deciduous 

Populus tremuloides Quaking aspen POTR5 Broadleaf Deciduous 
Prunus emarginata Bitter cherry PREM Broadleaf Deciduous 
Pseudotsuga menziesii1 Douglas-fir PSME Conifer Evergreen 
Quercus chrysolepis Canyon live oak QUCH2 Broadleaf Evergreen 
Quercus garryana Oregon white oak QUGA4 Broadleaf Deciduous 
Quercus kelloggii California black oak QUKE Broadleaf Deciduous 
Salix amygdaloides Peachleaf willow SAAM2 Broadleaf Deciduous 
Salix lucida ssp. lasiandra Pacific willow SALUL Broadleaf Deciduous 
Salix scouleriana Scouler’s willow SASC Broadleaf Deciduous 
Sequoia sempervirens Coast redwood SESE3 Conifer Evergreen 
Taxus brevifolia Pacific yew TABR2 Conifer Evergreen 
Thuja plicata Western redcedar THPL Conifer Evergreen 
Tsuga heterophylla Western hemlock TSHE Conifer Evergreen 
Tsuga mertensiana Mountain hemlock TSME Conifer Evergreen 
Umbellularia californica Oregon myrtle UMCA Broadleaf Evergreen 
 1 Taxonomic details are shown in table 3. 

 

Table 3. Taxonomic notes for tree species included in the climate change vulnerability assessment of Washington 
and Oregon (species listed in table 2) 

Species Notes on taxonomy 
Black hawthorn and Suksforf’s 

hawthorn 
In the western Washington study area, black hawthorn was previously treated as a 
single species, C. douglasii, with two varieties: var. suksdorfii and var. douglasii; 
these are now accepted as separate species, but many of our data sources still 
treated these as one species; for this reason, we treat these as a single species 

Douglas-fir Because P. menziesii var. menziesii and var. glauca intergrade within the region, we 
analyzed P. menziesii at the species level 

Grand fir-white fir complex A. grandis and A. concolor co-occur and hybridize in the four Oregon subregions; the 
data sources that we used for mapping do not differentiate these species and their 
hybrids consistently; thus, we combined the species/hybrids for this analysis 

Lodgepole pine and Sierra 
lodgepole pine 

Although these varieties intergrade within the Cascade Range, occurrences in 
Washington are usually identified as var. latifolia, whereas those in Oregon are 
usually identified as var. murrayana 

Noble fir-Shasta red fir complex 
  

A. procera and A. x shastensis [magnifica x procera] co-occur and hybridize in the 
central and southwestern Oregon subregions; the data sources that we used for 
mapping do not differentiate these species and their hybrids consistently; thus, we 
combined the species/hybrids for this analysis 

Rocky Mountain juniper Recent studies have indicated that J. scopulorum occurring in the Puget Sound 
region and Olympic Range is a separate species (J. maritima; Adams 2007, Adams 
et al. 2010) from that occurring in the Rocky Mountains; however, for this analysis we 
followed the nomenclature of the USDA NRCS Plants Database, which treats these 
as a single species 

Rocky Mountain maple and 
Douglas maple 

A. glabrum var. douglasii is one of six varieties of A. glabrum and is the most 
common variety in the Pacific Northwest; this variety intergrades with A. glabrum var. 
glabrum near the Rocky Mountains; alternatively, this tree is sometimes simply 
identified at the species level (A. glabrum), which is what we did for this analysis, 
combining the varieties and their various hybrids 

Shore pine P. contorta var. contorta was treated differently in the subregions in which it occurred; 
in northwestern Oregon, where it did not intergrade with other varieties, it was 
analyzed as a group 1 species; in western Washington and southwestern Oregon, 
var. contorta is believed to intergrade with vars. latifolia and murrayana, respectively, 
and thus it was combined with these varieties for this analysis 
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these 8 species, Pinus contorta, were treated as 
individual species in our analysis). 

Grouping of Species 

We completed each of the subregional vulnerability 
assessments by first dividing a subregion’s tree species 
into groups, identified as group 1, group 2, and, in 
some subregions, group 3 (table 4). Within each 
subregion, group 1 consists of overstory tree species 
that are significant components of forest or woodland 
canopies. The group 1 species are a major focus of this 
report because changes in their distribution or health 
could have a major effect on forest structure and 
habitat. Group 1 includes species that are widespread 
within a given subregion, as well as species that are 
important within more limited zones (e.g., common 
high-elevation species).  

Group 2 includes tree species that are not significant 
components of the forest canopy, owing to small size 
(e.g., cascara, Rocky Mountain maple) or because they 
typically occur as scattered individuals or components 
of the mid-story rather than the forest canopy. 
Potential climate-related changes in these species 
would likely have a lesser impact on regional forests 
than would changes in group 1 species. 

Group 3 includes species that are already known to be 
rare within a given subregion and for this reason are 
considered to have a potentially elevated vulnerability 
to climate change. Three of the six subregions had 
group 3 species, whereas the other three did not.  

In some cases, a given species was assigned to 
different groups in different subregions. For example, 
mountain hemlock was a group 1 species in all 
subregions except for eastern Oregon, where it is rare 
and therefore a group 3 species. 

We subjected the species groups to different types of 
climate change vulnerability assessments. For all of 
the group 1 species, sufficient biological information 
was available to perform a detailed vulnerability 
assessment based on numerous quantifiable 
characteristics (e.g., drought tolerance, distance of 

seed dispersal, and adaptive genetic variation). In 
contrast, many of the group 2 species are not 
commercially important and have not been well-
studied (although there are some exceptions). Thus, 
for group 2, insufficient data were available to conduct 
the type of vulnerability assessment that was 
performed on the group 1 species. Instead, we 
summarized and discussed known characteristics of 
group 2 tree species that we deemed likely to influence 
climate change vulnerability. Group 3 species were not 
subjected to the assessment and ranking that group 1 
species were subjected to because group 3 species are 
already known to warrant a high level of attention in 
terms of monitoring and/or management. Instead, we 
looked for specific, potential climate change 
vulnerabilities for each of the group 3 species. 

Three tree species in the Pacific Northwest are listed 
as special status species: golden chinquapin 
(Chrysolepis chrysophylla var. chrysophylla; sensitive 
in Washington), Baker cypress (Cupressus bakeri; 
sensitive in Oregon), and whitebark pine (Pinus 
albicaulis; sensitive in Washington and Oregon) 
(USDA/USDI 2011). Whitebark pine is the only tree 
species in the region that has been considered for 
federal protection. In July 2011, in response to a 
petition to list whitebark pine as threatened or 
endangered, the U.S. Department of the Interior Fish 
and Wildlife Service issued a finding that the listing of 
whitebark pine as threatened or endangered was 
warranted but that listing as such was “precluded by 
higher priority actions to amend the Lists of 
Endangered and Threatened Wildlife and Plants” 
(USDI FWS 2011). Therefore, the species was added 
to the candidate list, and the Fish and Wildlife Service 
is developing a proposed rule to list whitebark pine 
when “priorities and funding will allow”. The 
proposed listing rule will include any determination on 
critical habitat. 

Two tree species known to occur in the region are not 
covered by this report because they do not occur on 
National Forest System lands. California buckeye 
(Aesculus californica) occurs near Gold Hill, Oregon 
(Callahan 2005), and Hinds walnut (Juglans hindsii)  
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Table 4. Native tree species and analysis groups for the six subregional study areas in Washington and Oregon1 

 
Subregional study area 

Species Common name W. WA NW OR E. WA E. OR 
Central 

OR SW OR 
Abies amabilis Pacific silver fir 1 1 1  1 1 
Abies grandis - A. concolor2 Grand fir-white fir complex  1  1 1 1 
Abies grandis Grand fir 1  1    
Abies lasiocarpa Subalpine fir 1 1 1 1 1 1 
Abies procera Noble fir 1 1 1    
Abies procera - A. x shastensis 

[magnifica x procera] 2 
Noble fir-Shasta red fir 

complex 
    1 1 

Acer glabrum2 Rocky Mountain maple 2 2 2 2 2 2 
Acer macrophyllum Bigleaf maple 1 1 1   1 
Alnus rhombifolia White alder  2  2  2 
Alnus rubra Red alder 1 1 2 2 2 1 
Arbutus menziesii Pacific madrone 2 2    1 
Betula occidentalis Water birch   2 2   
Betula papyrifera Paper birch 2  1 2   
Calocedrus decurrens Incense-cedar  2   1 1 
Celtis laevigata var. reticulata Netleaf hackberry   2 2   
Chamaecyparis lawsoniana Port-Orford-cedar      1 
Chrysolepis chrysophylla Golden chinquapin 3 2   2 2 
Cornus nuttallii Pacific dogwood 2 2    2 
Crataegus douglasii and  C. 

suksdorfii2 
Black hawthorn 2      

Cupressus bakeri Baker cypress      3 
Cupressus nootkatensis Alaska yellow-cedar 1 1 1 3  3 
Frangula purshiana  Cascara  2 2 2 2 2 2 
Fraxinus latifolia  Oregon ash  2 2    2 
Juniperus occidentalis Western juniper    1 1  
Juniperus scopulorum2 Rocky Mountain juniper 3  2 3   
Larix lyallii Subalpine larch   1    
Larix occidentalis Western larch  1 1 1 1  
Malus fusca  Western crab apple  2 2     
Notholithocarpus densiflorus Tanoak      1 
Picea breweriana Brewer spruce      3 
Picea engelmannii Engelmann spruce 1 1 1 1 1 1 
Picea sitchensis Sitka spruce 1 1    3 
Pinus albicaulis Whitebark pine 3 1 1 1 1 1 
Pinus attenuata Knobcone pine      1 
Pinus contorta var. contorta2 Shore pine1 2 1    1 
Pinus contorta vars. latifolia and 

murrayana2 
Lodgepole pine, Sierra 

lodgepole pine1 
2 1 1 1 1 1 

Pinus flexilis Limber pine    3   
Pinus jeffreyi Jeffrey pine      1 
Pinus lambertiana Sugar pine  1   1 1 
Pinus monticola Western white pine 1 1 1 1 1 1 
Pinus ponderosa Ponderosa pine 3 1 1 1 1 1 
Populus balsamifera ssp. 

trichocarpa 
Black cottonwood 1 1 1 1 2 2 
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occurs near Ashland and Medford, Oregon (Callahan 
2008). Both locations are outside of our study areas. 
Also excluded from our analysis was gray pine (Pinus 
sabiniana) which occurs only as several individual 
trees in the Rogue River National Forest (Callahan 
2009). A number of woody plants were not included in 
this assessment of forest and woodland trees because 
they did not meet our criteria for trees (see definition 
at the beginning of this section); examples include 
mountain mahogany (Cercocarpus spp.) and multi-
stemmed willows (Salix spp.). 

Tree Species Distributions 

To assess the climate change vulnerability of regional 
tree species, we needed detailed information on the 
distribution of each species. Previously published 
range maps are available for most tree species in the 
region (e.g., Little 1971, 1976). However, these maps 
are primarily useful for evaluating species 
distributions at a broad scale, whereas we desired a 
greater degree of precision because our assessment is 
focused on smaller areas. A variety of computer 

models have been used to predict tree species 
distributions, both at present and under future climate 
scenarios (e.g., Crookston 2010, Hargrove and 
Hoffman 2005). However, these models did not fit our 
objectives for mapping because they predict species 
distributions based on projections of suitable habitat 
rather than on the present occurrences of the species. 
Therefore, we created distribution maps for each tree 
species by using recent documented occurrences 
(appendix 7; available online at: 
http://ecoshare.info/projects/ccft/). 

Species occurrence data used to create these maps 
were acquired from a variety of sources (table 5). 
Three of these sources were from the U.S. Forest 
Service: the Forest Inventory and Analysis (FIA) 
Program (USDA Forest Service 2010b), the Current 
Vegetation Survey (CVS) (USDA Forest Service 
2008), and the Forest Service Region 6 Ecology 
Program Core Dataset (USDA Forest Service 2010a). 
Additional data were acquired from the Oregon Flora 
Project and the University of Washington Burke 
Museum herbarium (Oregon Flora Project 2011, 
University of Washington 2011), which document the 

Table 4, continued 

 
Subregional study area 

Species Common name W. WA 
NW 
OR E. WA E. OR 

Central 
OR 

SW 
OR 

Populus tremuloides Quaking aspen 2  1 1 2 2 
Prunus emarginata Bitter cherry 2 2 2 2 2 2 
Pseudotsuga menziesii2 Douglas-fir 1 1 1 1 1 1 
Quercus chrysolepis Canyon live oak      1 
Quercus garryana Oregon white oak 2 1 1   1 
Quercus kelloggii California black oak      1 
Salix amygdaloides Peachleaf willow    2   
Salix lucida ssp. lasiandra Pacific willow 2 2 2 2 2 2 
Salix scouleriana Scouler’s willow 2 2 2 2 2 2 
Sequoia sempervirens Coast redwood      3 
Taxus brevifolia Pacific yew 2 2 2 2  2 
Thuja plicata Western redcedar 1 1 1   1 
Tsuga heterophylla Western hemlock 1 1 1  1 1 
Tsuga mertensiana Mountain hemlock 1 1 1 3 1 1 
Umbellularia californica Oregon myrtle      2 
1 Group numbers are shown for each study area: group 1 (major canopy species), 2 (subcanopy or minor canopy species), or 3 (rare 
species). 
2 Taxonomic details are shown in table 3. 
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geographic locations where herbarium specimens were 
collected or where species were observed. Because 
data collection protocols differed among these five 
primary data sources, data were not available from all 
sources for every tree species. As a result of the 
differing protocols, several factors must be considered 
when interpreting the maps: 

• Plot density—Plot density varied by 
inventory; therefore, the density of points on a 
map does not necessarily correspond to the 
density at which a tree species actually occurs. 
For example, if the range of a species 
encompasses a national forest and adjacent 
privately owned land, the density of mapped 
points may be much higher on the national 
forest because the forest includes CVS and 
Ecology Program plots, which do not occur on 
private land. Thus, the higher density of 
mapped occurrences on the national forest 
results from the additional sampling locations 
and does not represent a true difference in the 
frequency of the species’ occurrence. 

• Plot size—For data sources that are based on 
inventory plots, density of mapped species 
occurrences is affected by plot size, which 
varies among inventories. An inventory that 

uses larger plots is likely to sample a given 
species more frequently on its plots compared 
to an inventory that uses smaller plots. 

• Inventory design—The density of mapped 
species occurrences is influenced by inventory 
design. An inventory of regularly spaced plots 
on a grid (e.g., FIA) is much less likely to 
sample a rare species than an inventory with 
an objective of locating and sampling that 
species (e.g, Oregon Flora Project). 

Owing to influences of these factors, mapped species 
occurrences should be interpreted as representing the 
extent of a species’ distribution, rather than 
representing its density within that distribution. 

Tree Species Profiles 

Drawing on information from a variety of published 
sources, we compiled a profile for each tree species 
(appendix 8; available online at: 
http://ecoshare.info/projects/ccft/). These profiles 
emphasize characteristics that we deemed relevant to 
the species’ potential adaptation to climate change. 
The profiles focus on ecological and reproductive 
characteristics, genetic aspects, and threats and 

Table 5. Primary data sources used to create tree species distribution maps.1 

Dataset Source Coverage Inventory design 
Forest Inventory and 
Analysis (FIA) 

U.S. Forest Service, 
Pacific Northwest Region 

All public and private 
lands2 

Regularly spaced plots 

Current Vegetation 
Survey (CVS) 

U.S. Forest Service, 
Pacific Northwest Region 

National forests Regularly spaced plots 

USFS Region 6 
Ecology Program 

U.S. Forest Service, 
Pacific Northwest Region 

National forests Plots located according to plant 
community type 

Oregon Flora Project Department of Botany 
and Plant Pathology, 
Oregon State University 

Public and private land in 
Oregon 

Specimen collections and recorded 
observations by many individuals with 
various objectives 

University of 
Washington 
Herbarium 

Burke Museum, 
University of Washington 

Public and private land in 
Oregon and Washington 

Specimen collections and recorded 
observations by many individuals with 
various objectives 

1 For some species, other data sources also were available; these other sources are identified on the maps on which they were used. 
2 A small amount of random error was intentionally added to the FIA plot locations to protect the identity of landowners. 
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management considerations relevant to each tree 
species. The ecological description contains 
information on distribution, habitat, and ecological 
amplitude; this information may assist in projecting a 
species’ potential response to climate-induced changes 
in its habitat. Reproductive characteristics such as seed 
production, reproductive age, and seed dispersal 
distance affect the rate at which a species evolves and 
migrates. The information on threats and management 
considerations addresses a species’ response to insect 
and disease threats and wildfire, which may be 
exacerbated by climate change. 

The amount of published information available for 
each tree species varies significantly, with much more 
information available for the commercially important 
species. As a result, the level of detail contained in 
these tree profiles varies by species. 

SELECTING A VULNERABILITY 
ASSESSMENT SYSTEM 
We desired a vulnerability assessment system that was 
straightforward to apply, transparent, flexible, and 
enabled easy application of sensitivity analysis. In our 
western Washington analysis, we conducted in-depth 
evaluations of three vulnerability assessment systems 
(Aubry et al. 2011): the NatureServe Climate Change 
Vulnerability Index version 2.0 (NSVI) (NatureServe 
2010a); the Climate Change Sensitivity Database 
(CCSD) (a part of the Pacific Northwest Climate 
Change Vulnerability Assessment; Lawler and Case 
2010a, b); and the Forest Tree Genetic Risk 
Assessment System (GRAS) (Potter and Crane 2010). 

We first evaluated the NSVI and the CCSD. Both of 
these systems were developed recently (since 2009), 
and at this time there are few published reviews based 
on their application (Glick and Stein 2010, 
NatureServe 2010a). In our evaluations, we applied 
these two climate change vulnerability assessment 
systems to six tree species in western Washington to 
determine the general suitability of these systems for 
assessing the tree species of the Pacific Northwest. 

Our evaluations revealed that neither the NSVI nor the 
CCSD met all of our requirements for assessing tree 
species’ vulnerability and were not well-suited to our 
objectives (table 6). Therefore, we examined a third 
model, the Forest Tree GRAS (table 7). We 
determined that the Forest Tree GRAS provided the 
best option for developing a vulnerability assessment 
system suited to our regional needs and data 
availability. It offered the flexibility to add and 
remove variables as needed, and its calculations were 
simple and transparent. Therefore, we selected the 
Forest Tree GRAS to assess climate change 
vulnerability of the group 1 tree species. The process 
of applying the model, and the results, are described in 
detail in the following sections. 

THE FOREST TREE GENETIC 
RISK ASSESSMENT SYSTEM 
The Forest Tree GRAS is a model developed to 
evaluate the vulnerability of individual tree species 
within a region of interest, given anticipated effects of 
long-term climate change. Conservation of species’ 
existing adaptedness, specifically variation in adaptive 
traits, is expected to be key to long-term viability. 
However, because this detailed level of genetic 
information does not currently exist for many tree 
species, the Forest Tree GRAS uses documented 
ecological and life-history traits to assess the 
vulnerability of individual tree species to climate 
change and related threats (Myking 2002, Potter and 
Crane 2010). The Forest Tree GRAS ranks tree 
species according to predicted climate change 
vulnerability. It is designed to assist managers in 
focusing limited resources on the most vulnerable 
species, thus increasing the efficacy of conservation 
activities. 

We chose to apply the Forest Tree GRAS to the group 
1 tree species (table 2) to prioritize these species for 
conservation and monitoring. We did not apply the 
GRAS to group 2 tree species because, for many of 
those species, insufficient data were available on 
relevant intrinsic attributes and external threats. 
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Additionally, group 2 species are minor forest 
components (though not rare), and, as noted earlier, 
potential climate-related changes in these species 
would likely have a lesser impact on regional forests 
than would changes in group 1 species. We did not use 
a vulnerability assessment to prioritize group 3 species 
because all of these species already are considered a 
high priority for conservation and monitoring owing to 
their limited distributions. 

For a defined study area, the Forest Tree GRAS 
produces an overall vulnerability score for each tree 
species; this score is then used to rank the species 
according to their climate change vulnerability. A 
species’ overall vulnerability score is calculated by 

averaging the scores of several risk factors (e.g., 
distribution, reproductive capacity), each of which 
ranges from 0 to 100. Each risk factor contains a set of 
variables used to quantify a species’ climate change 
vulnerability according to intrinsic attributes or 
external threats. Table 8 summarizes the five risk 
factors that we chose for this analysis, the variables we 
selected for each risk factor, and the rating system for 
each variable. 

To conduct this assessment, we compiled information 
on individual tree species from a variety of sources 
including Silvics of North America (Burns and 
Honkala 1990), The Woody Plant Seed Manual 
(Bonner and Karrfalt 2008), the FIA annual inventory 

Table 6. Comparison of the NatureServe Climate Change Vulnerability Index (NSVI) and the Climate Change 
Sensitivity Database (CCSD) vulnerability assessments and their suitability for evaluating the tree species of 
the Pacific Northwest region 

Attribute 
Model 

Evaluation NSVI CCSD 
Required data The model requires 

relatively detailed biological 
data that may not be 
available for some species 

The model is based on 
general ecological traits and 
habitat requirements 

Both systems allow flexibility for missing 
data; it is unclear whether the detailed 
data required by NSVI produces more 
precise results 

Ease of use Relatively easy to use; the 
spreadsheet model was 
accompanied by detailed 
instructions and ran with 
few glitches 

Easy to use; the online 
model was simple and 
straightforward but provided 
minimal guidance for rating 
sensitivity factors 

NSVI was far more complex but provided 
substantial documentation in the model 
and as a separate publication 

Model 
transparency 

Low transparency; it is 
unclear how rating factors 
are weighted and how 
scores are calculated 

Calculation of the sensitivity 
index score is simple and 
clearly described 

The high transparency of CCSD 
increases user confidence in the model 
output 

Flexibility Up to 26 relatively specific 
factors may be rated; users 
may rate fewer factors 
based on availability of 
data; weighting of factors 
cannot be adjusted 

Up to eight general factors 
may be rated; users may 
rate fewer based on 
availability of data; weighting 
of factors may be adjusted 
by users 

Adjustable weighting of factors was 
advantageous for CCSD; both systems 
had some factors intended for animal 
species; only NSVI provided detailed 
guidance on applying the model to plant 
species 

Output format A categorical vulnerability 
rating (6 categories) and a 
categorical score of 
confidence in rating (4 
categories) 

A sensitivity index score (0 
to 100) and a confidence 
index score (0 to 100) 

The scores calculated by NSVI reflect 
the precision of the input data, whereas 
those of CCSD suggest greater precision 
than was present in the data 

Applicability to 
trees of western 
Washington 

Scores are calculated from 
a large amount of detailed 
information, although a few 
of these factors are not 
applicable; other factors 
that are relevant to our 
objectives are not included 

This simple index uses 
rating factors that are very 
general; guidance for rating 
is minimal and thus ratings 
are more susceptible to user 
bias 

Neither model included all of the factors 
that we believe affect vulnerability of 
regional tree species; NSVI provides a 
useful framework for the user to compile 
and organize relevant data 

Note: The full evaluations of these models appear in Aubry et al. (2011). 
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(USDA Forest Service 2010b), and other sources in 
the scientific literature. Information on insect and 
disease threats was provided by panels of experts from 
the U.S. Forest Service, Pacific Northwest Region 
Forest Health Protection Program. The information 

used to perform this vulnerability assessment appears 
in the maps and tree species profiles (appendices 7 and 
8), and in the six subregional analyses (appendices 1 
through 6). 

Table 7. Evaluation of the Forest Tree Genetic Risk Assessment System (GRAS) developed by Potter and Crane 
(2010) 

Attribute Description Evaluation 
Required data All risk factors and variables within risk 

factors are selected by the user; use of 
information on tree distribution and 
density requires knowledge of and 
ability to extract data from existing data 
sources such as the FIA database; 
assistance is available from the FIA 
program 

Allows flexibility for missing data; all information must be 
compiled by the user, which can require significant time 
reviewing literature and performing calculations, depending 
on the variables used 

Ease of use Very easy to use  The instructions in the guide are clear and well-organized; 
the use of spreadsheets to summarize information and 
calculate indices makes this approach very accessible; the 
example of the assessment of trees in the sensitivity 
analysis is very useful 

Model 
transparency 

High transparency; all ratings appear in 
tables and score calculations are 
described 

This high transparency increases user confidence in the 
model output; sensitivity analysis is easy and can be done 
quickly 

Flexibility Any number of risk factors and variables 
within risk factors can be used, and 
factor and variable weighting is 
adjustable 

The boundless choice of risk factors and adjustable 
weighting of factors is very advantageous but also requires 
knowledge of species biology, genetics, and climate 
prediction systems to make sound choices; expert advice 
is critical when the user lacks knowledge in a specific 
subject area; interpreting and incorporating this information 
can be time-consuming 

Output format Scores for each risk factor (0 to 100) 
and an overall vulnerability score (0 to 
100) and ranking for each species 

The calculated scores reflect the precision of the input data 
and the weighting used 

Applicability to 
trees of the 
Pacific Northwest 

All factors were chosen for their 
relevance to tree species of the Pacific 
Northwest, assuring applicability  

Compiling and organizing relevant data and discussing 
candidate factors resulted in a greater understanding of 
the vulnerability of trees to climate changes  
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Table 8. The five risk factors, the variables associated with each risk factor, and the variable rating systems used 
in applying the Forest Tree GRAS model to the tree species of Washington and Oregon (continues) 

Risk factor Variable Description Rating system1 
Distribution 
 

Frequency of 
occurrence 

Percentage of FIA plots on 
which a given species is present 

Highest frequency = 0; lowest frequency 
= 100; all other species scored 
proportionally according to frequency of 
occurrence 

 Proportion of canopy 
trees  

Mean proportion of all canopy 
trees (dominant, co-dominant, 
and open-grown crown classes) 
represented by a given species 
on all FIA plots where that 
species is present 

Highest mean proportion = 0; lowest 
mean proportion = 100; all other species 
scored proportionally 

 Distribution within study 
area 

Qualitative assessment, scored 
by examining distribution maps2 

Wide = 0 
Moderate = 25 
Narrow = 50 
Very narrow = 75 
Rare = 100 

Reproductive 
capacity3, 4 

Seed dispersal vector Wind, water, birds, mammals, or 
gravity 

Wind and water = 0 
Birds, mammals, gravity = 100 

 Fecundity Qualitative assessment, based 
on size and frequency of seed 
crops, proportion of filled seed in 
mature cones or fruits, and 
germination rate 

High = 0 
Medium = 50 
Low = 100 

 Seed dispersal 
capacity 

Distance within which most seed 
is dispersed 

 > 0.5 mile = 0 
 400 ft to 0.5 miles = 50 
 < 400 ft = 100 

 Minimum seed-bearing 
age 

Age at which seed production 
begins under good growing 
conditions 

< 10 years = 0 
10 to 20 years = 50  
 > 20 years = 100 

 Dioecy Breeding system Monoecious = 0 
Dioecious = 100 

Habitat affinity 
 

Mean elevation Mean elevation (ft) of all FIA 
plots on which a given species 
is present 

Lowest elevation = 0; highest elevation = 
100; all other species scored 
proportionally according to frequency of 
occurrence 

 Successional stage3 Successional stage(s) in which 
the species typically achieves its 
greatest canopy presence 

Early = 0 
Early to late = 50 
Late = 100 

 Habitat specificity3 Habitat specificity relative to all 
other tree species within the 
subregion 

Low = 0 
Medium = 50 
High = 100 

 Drought tolerance3 Drought tolerance relative to all 
other tree species within the 
subregion 

High = 0 
Medium = 50 
Low = 100 
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Table 8, continued 

Risk factor Variable Description Scoring system 
Adaptive 

genetic 
variation3 

Elevation band width 
of seed zones5 

Range in elevation within which 
maladaptation due to seed 
movement is minimized 

No elevation bands = 0 
> 1,500 ft = 33 
1,000 to 1,500 ft = 67 
 < 1,000 ft = 100 

 Pollen dispersal vector Wind or insects Wind = 0 
Insects = 100 

 Disjunct populations Populations that are disjunct 
from the main portion of the 
species’ range 

No disjunct populations = 0 
One or more such populations = 100 

Major insect 
and disease 
threats6 

Threat Insect or disease that impacts 
the health or survival of the 
species 

Score for each threat is calculated as the 
product of the severity and immediacy 
scores 

Severity A rating of the present impact of 
insect or disease threats  

Minor mortality, usually of already-stressed 
trees = 1 
Moderate mortality in association with 
other threats = 3 
Moderate mortality of mature trees = 5 
Significant/complete mortality in related 
species = 6 
Significant mortality of mature trees = 8 
Complete mortality of all mature trees = 10 

Immediacy Threats weighted based on 
immediacy of the threat, 
including exacerbation by a 
changing climate 

Potential to reach region of interest = 1 
Present in region = 2 
Present in region and climate change 
appears to be a contributing factor in 
increases in distribution and impact = 3 

1 Higher scores indicate greater vulnerability. 
2 See appendix 7. 
3 Unless otherwise noted, all information is taken from published literature, which is summarized in appendix 8. 
4 In our analysis of the western Washington study area, the variables in the Reproductive Capacity risk factor differed slightly from those 
shown here (appendix 1; Aubry et al. (2011)). The Sound Seed variable replaced Fecundity, and the Seed Dispersal Vector variable was 
absent. This change resulted from a refinement of methods following the analysis of the first study area; species scores for this risk factor 
remain generally comparable across study areas.  
5 Randall and Berrang (2002), Randall (1996). 
6 Information provided by expert panel, U.S. Forest Service Pacific Northwest Forest Health Protection Program. 
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RESULTS 
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VULNERABILITY OF GROUP 1 
TREE SPECIES 
This analysis was conducted at the subregional level 
owing to the great diversity in forest types and 
management issues within the Pacific Northwest 
Region. Detailed results at the subregional level are 
presented in appendices 1 through 6. Here, we 
summarize results at the regional level for the 36 
group 1 tree species (group 2 and 3 species are 
discussed later). This section includes scores for five 
risk factors for each of the six subregions; we describe 
key observations and trends in these scores. The 
species’ overall vulnerability scores (i.e., averages of 
the five risk factors) and rankings are presented at the 
end of this section. 

Distribution 

The distribution risk factor is composed of three 
variables (table 8) that describe the distribution of a 
tree species within a subregion. The vulnerability of a 
tree species is increased if: 

• It occurs on a relatively small percentage of 
FIA plots; 

• It constitutes a relatively small fraction of the 
forest canopy on FIA plots; or 

• It is present in a relatively small portion of the 
study area (e.g., only one side or one corner). 

These variables are based on the premise that 
widespread tree species occurring at a relatively high 
canopy density have lower vulnerability to the effects 
of climate change. A species that is relatively 
abundant across the landscape is likely to have greater 
gene flow among well-connected populations, greater 
resiliency under large-scale disturbances, and an 
overall lower risk of extinction compared to a rare 
species with isolated populations.  

Species scores for the distribution risk factor are 
shown in table 9. Several patterns emerged among 
these scores: 

• The five species with the highest average 
vulnerability scores were four pines (Pinus 
spp.) and Engelmann spruce. For these 
highest-scoring species: 

o Whitebark pine occurs in high-
elevation habitats and therefore has a 
limited distribution and received high 
distribution vulnerability scores. 
Engelmann spruce also occurs in 
high-elevation habitats, though in 
Washington it is also present at mid-
elevations. 

o Knobcone pine is primarily limited to 
the Rogue River-Siskiyou National 
Forest in the southwestern Oregon 
study area; its abundance is relatively 
low compared to the other tree species 
in that study area. Oregon’s central 
Cascade Range represents the 
northern extreme of its range. 

o Western white pine is widespread in 
the Pacific Northwest but, compared 
to other tree species, it often occurs at 
relatively low densities. Thus, it 
received high distribution 
vulnerability scores. 

o Sugar pine, though common in 
southwestern Oregon, occurs 
infrequently in the other study areas. 
Oregon encompasses the northern 
extreme of sugar pine’s range. 

• Some species had high distribution 
vulnerability scores because only small 
portions of their distributions fell within our 
Pacific Northwest study areas. Examples 
include California black oak, which is more 
prevalent southward, and paper birch, which is 
widespread east and north of this region. 

• Some species that are common across most of 
the region had distributions that did not fully 
extend into some of the subregions. For 
example, western hemlock and Douglas-fir 
had higher vulnerability scores for central  
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Table 9. Distribution vulnerability scores for a forest tree climate change vulnerability assessment of six subregional 
study areas in the Pacific Northwest1 

 
Subregional study area  

Species W. WA NW OR E. WA E. OR 
Central 

OR SW OR 
Average 

score 
Whitebark pine  100 57 82 93 99 86 
Knobcone pine      84 84 
Western white pine 83 85 71 100 81 65 81 
Sugar pine  90   82 69 80 
Engelmann spruce 100 86 43 66 86 100 80 
California black oak      77 77 
Incense-cedar     91 63 77 
Port-Orford-cedar      77 77 
Alaska yellow-cedar 63 91 76    77 
Noble fir 59 67 100    75 
Paper birch   75    75 
Canyon live oak      73 73 
Western larch  98 50 51 83  70 
Noble fir - Shasta red fir     80 59 70 
Quaking aspen   66 71   69 
Sitka spruce 57 76     67 
Oregon white oak  54 89   52 65 
Black cottonwood 63 61 60 75   65 
Subalpine fir 38 77 33 51 86 95 63 
Shore pine  63     63 
Pacific madrone      61 61 
Western redcedar 44 57 60   81 61 
Mountain hemlock 38 69 66  61 69 61 
Subalpine larch   59    59 
Jeffrey pine      58 58 
Pacific silver fir 19 58 56  76 75 57 
Western hemlock 13 36 62  100 69 56 
Tanoak      55 55 
Grand fir 57 53 53    54 
Bigleaf maple 35 50 54   70 52 
Red alder 19 39    60 39 
Lodgepole pine, Sierra lodgepole 

pine 
 78 28 33 8 47 39 

Western juniper    45 33  39 
Grand fir-white fir    25 31 55 37 
Ponderosa pine  55 38 0 0 72 33 
Douglas-fir 0 0 0 18 69 0 14 

       Lowest vulnerability      Highest vulnerability 
1 Scores range from 0 to 100 (100 = highest vulnerability rating) within each subregion; average scores across all subregions are also 
presented. Analysis was performed on group 1 species; blank cells indicate that a species was either in group 2 or 3 or was absent from the 
subregion. 
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Oregon than for other subregions because they 
were less common in that subregion. 

• The average score for broadleaf species was 
63 (minimum of 39; maximum of 77), 
whereas the average score for conifers was 62 
(minimum of 14; maximum of 86). 

Reproductive Capacity 

The reproductive capacity risk factor is based on 
variables that describe a tree species’ relative capacity 
to produce and disperse viable seed (table 8). Under 
assumptions that suitable habitat for a given species 
will shift in elevation or latitude as the climate 
changes, and that this migration will most likely be 
facilitated by post-disturbance regeneration, we 
selected a series of variables to rate vulnerability 
according to a species’ capacity to regenerate and 
migrate under these conditions. A species’ 
vulnerability is increased if: 

• It depends on bird or mammal seed dispersal 
vectors (i.e., seed is not adapted to dispersal 
by wind or water); 

• It has inherently low fecundity; 

• Seed is dispersed only short distances; 

• Seed production begins at a relatively late age; 
or 

• The species is dioecious (i.e., it has a more 
complex breeding system than a monoecious 
species). 

Species scores for the reproductive capacity risk factor 
are shown in table 10. We made the following 
observations from these results: 

• The 10 highest-ranked, and thus most-
vulnerable, tree species are three true fir 
species, two oak species, western juniper, 
whitebark pine, subalpine larch, quaking 
aspen, and Alaska yellow-cedar. These species 
were ranked at greatest risk as a result of 

different combinations of variable ratings. 
However:  

o All species in this group except 
Alaska yellow-cedar and quaking 
aspen have high minimum seed-
bearing ages. 

o With the exception of whitebark pine, 
all species in this group have 
moderate to low seed-dispersal 
distances. Whitebark pine has long 
seed dispersal distances (up to 18 mi), 
but received high vulnerability ratings 
for fecundity (low) and seed dispersal 
vector (dependent on Clark’s 
nutcracker). 

o The four most-vulnerable species 
(western juniper, Oregon white oak, 
whitebark pine, and California black 
oak) all depend on animals for seed 
dispersal and have high minimum 
seed-bearing ages. 

• All species with average vulnerability scores 
of 30 or lower have high fecundity and wind-
dispersed seed. 

• Scores for individual species vary among 
subregions because species are scored relative 
to the other species in each subregion. 

• The average score for broadleaf species was 
45, and the average score for conifers was 44; 
for both groups, scores varied from 0 to 100. 

Habitat Affinity 

The habitat affinity risk factor consists of four 
variables selected to describe how a tree species’ 
habitat affinities are expected to influence its 
vulnerability to projected changes in climate (table 8). 
Our scoring system increases a species’ vulnerability 
rating if: 

• A species’ habitat occurs at relatively high 
elevations; high-elevation species are more  
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Table 10. Reproductive capacity vulnerability scores for a forest tree climate change vulnerability assessment of six 
subregional study areas in the Pacific Northwest1 

 
Subregional study area  

Species W. WA NW OR E. WA E. OR 
Central 

OR SW OR 
Average 

score 
Western juniper    100 100  100 
Oregon white oak  100 100   100 100 
Whitebark pine  100 100 80 80 80 88 
California black oak      80 80 
Subalpine larch   75    75 
Quaking aspen   50 100   75 
Pacific silver fir 100 75 75  60 60 74 
Grand fir 67 75 75    72 
Noble fir 67 75 75    72 
Alaska yellow-cedar 67 75 75    72 
Engelmann spruce 67 75 75 60 60 60 66 
Noble fir - Shasta red fir     60 60 60 
Port-Orford-cedar      60 60 
Tanoak      60 60 
Jeffrey pine      60 60 
Canyon live oak      60 60 
Subalpine fir 67 75 75 60 40 40 60 
Western redcedar 67 50 50   40 52 
Grand fir-white fir    60 40 40 47 
Pacific madrone      40 40 
Mountain hemlock 33 50 50  0 20 31 
Incense-cedar     20 40 30 
Sugar pine  50   40 0 30 
Sitka spruce 33 25     29 
Paper birch   25    25 
Western hemlock 0 50 25  20 20 23 
Lodgepole pine, Sierra lodgepole 

pine 
 25 25 20 20 20 22 

Douglas-fir 67 0 0 20 20 20 21 
Bigleaf maple 0 25 25   20 18 
Western white pine 33 0 0 0 0 0 6 
Western larch  0 0 20 0  5 
Black cottonwood 0 0 0 20   5 
Red alder 0 0    0 0 
Knobcone pine      0 0 
Shore pine  0     0 
Ponderosa pine  0 0 0 0 0 0 

       Lowest vulnerability      Highest vulnerability 
1 Scores range from 0 to 100 (100 = highest vulnerability rating) within each subregion; average scores across all subregions are also 
presented. Analysis was performed on group 1 species; blank cells indicate that a species was either in group 2 or 3 or was absent from the 
subregion. 
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vulnerable to climate change because the 
extent of their habitat and their pathways of 
migration become increasingly limited as 
temperatures warm (Parmesan 2006). 

• A species typically attains greatest 
representation in the forest canopy at a later 
successional stage, rather than at an earlier 
stage. Species adapted to late-successional 
stages generally have greater within-
population genetic diversity than species of 
early successional stages (Hamrick et al. 
1992) and thus are assumed to be more 
vulnerable to loss of this genetic diversity 
(Myking 2002, Potter and Crane 2010). 

• A species has high habitat specificity relative 
to other tree species in the same subregion. 
Species with high habitat specificity are 
considered more vulnerable to habitat loss 
associated with climate change. 

• A species has low drought tolerance. Projected 
increases in summer temperatures are likely to 
be associated with increased drought, even if 
no substantial change occurs in summer 
precipitation. 

Species scores for the habitat affinity risk factor are 
shown in table 11. Several patterns emerged among 
these scores: 

• The seven highest-ranked species (average 
scores above 60) are high-elevation or mid-to-
high-elevation species. All of these species 
also have low drought tolerance. 

• One of the highest-elevation species in the 
region, whitebark pine, ranked ninth according 
to its average score. Unlike the other high-
elevation species, whitebark pine has high 
drought tolerance, which reduced its 
vulnerability score. 

• The species with very low average 
vulnerability scores were generally low-
elevation species with medium to high drought 
tolerance. 

• The only species classified as achieving 
greatest canopy representation only at late 
successional stages was Pacific silver fir. 

• Only two species, whitebark pine and 
subalpine larch, were classified as having a 
high level of habitat specificity. 

• The average score for broadleaf species was 
21 (minimum of 0; maximum of 42), whereas 
the average score for conifers was 44 
(minimum of 0; maximum of 100). 

Adaptive Genetic Variation  

The adaptive genetic variation risk factor is based on 
elements that describe a tree species’ ability to adapt 
to a changing climate: genetic diversity, gene flow, 
and population structure. Genetic variation in adaptive 
traits is important because it provides the raw 
materials for populations to cope with climate change 
through evolution (Aitken et al. 2008). Threats to 
genetic diversity include threats to species, 
populations, and genetic variation within populations, 
and can be both natural and human-caused. Climate 
change represents a considerable threat to genetic 
diversity and can exacerbate threats from natural 
disturbances such as disease, insects, wildfire, and 
extreme weather events (St. Clair and Howe 2011). 

Species and populations of forest trees most 
vulnerable to loss of genetic diversity as a result of 
climate change are (St. Clair and Howe 2011): 

• Rare species; 

• Species with long generation intervals (e.g., 
long-lived species); 

• Genetic specialists (species that are locally 
adapted); 

• Species with limited phenotypic plasticity; 

• Species or populations with low genetic 
variation, such as: 

o small populations, 
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Table 11. Habitat affinity vulnerability scores for a forest tree climate change vulnerability assessment of six 
subregional study areas in the Pacific Northwest1 

 Subregional study area 

Species W. WA NW OR E. WA E. OR 
Central 

OR SW OR 
Average 

score 
Subalpine larch   100    100 
Pacific silver fir 100 100 83  100 100 97 
Mountain hemlock 88 85 70  83 87 83 
Subalpine fir 65 68 71 100 79 85 78 
Engelmann spruce 54 63 68 85 63 79 69 
Alaska yellow-cedar 58 64 68    63 
Noble fir - Shasta red fir     57 69 63 
Western hemlock 39 50 58  72 68 57 
Whitebark pine  56 45 58 50 60 54 
Western white pine 15 64 44 73 57 63 53 
Noble fir 50 61 47    53 
Sugar pine  55   45 52 51 
Sitka spruce 39 59     49 
Port-Orford-cedar      47 47 
Quaking aspen   39 44   42 
Red alder 19 43    44 35 
Bigleaf maple 15 43 49   30 34 
Black cottonwood 23 46 34 23   32 
Western redcedar 0 30 39   50 30 
Lodgepole pine, Sierra 

lodgepole pine 
 29 31 15 17 52 29 

Tanoak      28 28 
Grand fir-white fir    5 23 42 23 
Western larch  44 26 5 18  23 
Grand fir 4 35 23    21 
Knobcone pine      20 20 
Jeffrey pine      19 19 
Douglas-fir 8 30 25 2 9 36 18 
Ponderosa pine  18 20 0 12 40 18 
Incense-cedar     13 22 18 
California black oak      15 15 
Canyon live oak      15 15 
Oregon white oak  6 15   16 12 
Western juniper    5 0  3 
Pacific madrone      0 0 
Paper birch   0    0 
Shore pine  0     0 

       Lowest vulnerability      Highest vulnerability 
1 Scores range from 0 to 100 (100 = highest vulnerability rating) within each subregion; average scores across all subregions are also 
presented. Analysis was performed on group 1 species; blank cells indicate that a species was either in group 2 or 3 or was absent from 
the subregion. 
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o species influenced by past genetic 
bottlenecks, 

o inbreeding species; 

• Species or populations with low dispersal and 
colonization potential, such as those with 
fragmented distributions or disjunct 
populations;  

• Populations at the trailing edge of climate 
change (e.g., populations in habitats that are 
already marginal owing to warm temperatures 
or drought); 

• Populations with “nowhere to go” (i.e., at the 
upper elevational limit of their distribution); 

• Populations threatened by habitat loss, fire, 
disease, or insects. 

Forest trees generally have high levels of both within- 
and among-population genetic diversity for 
quantitative traits related to adaptation. A wealth of 
information has been collected on this type of genetic 
variation in commercially important trees species 
through common garden experiments. This 
information has been critical in developing seed zones 
and elevation bands to guide seed movement (Randall 
1996, Randall and Berrang 2002). 

Rehfeldt (1994) used the term specialist to describe 
species in which genetic variability is organized into 
numerous local populations, each of which is 
physiologically specialized for a particular range of 
environments. Conversely, the term generalist 
describes species in which individuals, and therefore 
populations, are attuned to a broad range of 
environments. Because specialist species are closely 
adapted to their local environment and do not have the 
necessary adaptive genetic variation within 
populations to rapidly adapt to a changing climate, 
they are more susceptible to changes in climate. The 
general characteristics of these alternative 
evolutionary strategies are shown in table 12. 

Genetic variation in traits related to local adaptation is 
critically important in assessing vulnerability to 
climate change. Seed zones delineated for 

commercially important tree species reflect levels of 
genetic variation in adaptive traits; however, the 
number and size of these zones also are dependent on 
the distribution of the species. Therefore, in this risk 
factor, we used seed zone elevation band width (within 
each subregional study area) as a surrogate for 
adaptive genetic variation. Species with one or no 

 
Genetics Terminology 
Common garden study—A test that provides a uniform 
environment in which different individuals within a 
species can be grown and compared to detect genetic 
variation. Differences observed in the field across a 
species’ range may disappear when individuals from 
those areas are grown under uniform conditions. 

Disjunct population—A population that has a large 
geographic separation from the next closest population 
of the same species. 

Gene flow—Movement of alleles between populations 
due to migration of individuals (such as seeds) or pollen 
distribution; also called gene migration or genetic 
migration. 

Genetic bottleneck—A restriction in population size that 
is sufficiently severe and long-lasting that it causes a 
loss in genetic diversity. 

Genetic variation—Variation in the alleles of genes that 
occurs both within and among populations. 

Genotype—An individual’s hereditary constitution, 
expressed or hidden, underlying one or more characters. 
The genotype is determined chiefly from breeding 
behavior and ancestry. It reacts with the environment to 
produce the phenotype. 

Inbreeding—Mating between closely related individuals. 

Outcrossing—Mating between unrelated individuals. 

Seed orchard—A plantation established primarily for the 
production of seed of proven genetic quality. 

Seed transfer—The collection and deployment of plant 
germplasm (most typically seed) for revegetation 
purposes. 

Seed zone—A geographic area within which plant 
germplasm (most typically seed) can be collected and 
deployed with minimal risk of maladaptation to planting 
site conditions. Seed zones are most often developed 
through common garden studies. 
 
Source: Erickson et al. (2012) 
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elevation bands are considered generalists with wide 
climatic tolerances, whereas species with several 
narrow elevation bands are considered specialists, 
highly adapted to their local environment, with 
specific climatic requirements. For example, elevation 
band widths that determine seed transfer zones for 
Douglas-fir, a specialist species, are 1,000 ft (305 m), 
whereas for western white pine, a generalist species, 
there are no elevation restrictions on seed transfer 
(Campbell and Sugano 1989, Randall 1996). Because 
specialist species are more vulnerable to changes in 
climate, species with narrow elevation bands within 
their range were assigned a higher vulnerability score 
(table 8). 

Evolution and response to natural selection depend on 
a number of factors including genetic diversity present 
within populations and gene flow from adjacent 
populations (Aitken et al. 2008). For example, gene 
flow into a population from adjacent populations 
growing at warmer temperatures (such as populations 
at lower elevations or further south) can increase the 
rate of adaptation by introducing genetic variation that 
is pre-adapted to a warmer climate. Gene flow occurs 
through the movement of pollen and seed; however, 
neither of these vectors is easy to measure on a 
quantitative basis. Species that are insect-pollinated 
are more vulnerable to climate change because of the 
required interaction with another organism; climate 
change may affect the seasonal patterns of insect 
pollinator activity and thus disrupt the synchrony 
between the pollinators and the time of flowering, 

negatively affecting gene 
flow. Similarly, species with 
animal-dispersed seed were 
assigned higher vulnerability 
ratings in the reproductive 
capacity risk factor (table 10) 
owing to their dependence on 
interactions with other 
organisms. 

Populations that are disjunct 
from other parts of a species’ 
distribution may evolve to be 
genetically distinct due to the 

lack of exchange of genetic material among 
populations. This may or may not be reflected in 
adaptive genetic variation; regardless, this genetic 
“uniqueness” makes these populations high priorities 
for conservation. Additionally, gene flow into 
populations that are isolated or fragmented is often 
interrupted, which increases the future vulnerability of 
these populations, as opportunities to receive novel 
adaptive genetic variation are restricted. Given climate 
warming trends and anticipated northward shifts in 
species’ distributions, range contraction affecting 
disjunct populations is of particular concern where 
these populations are at the southernmost extent of a 
species’ distribution. 

In summary, our scoring system for adaptive genetic 
variation increases a tree species’ vulnerability rating 
if: 

• A species has narrow seed zone elevation 
bands 

• A species is dependent on insects for 
pollination 

• A species has disjunct populations. 

Species scores for the adaptive genetic variation risk 
factor are shown in table 13. Several patterns emerged 
among these results: 

• With two exceptions, the species with 
relatively high average scores (60 or higher)  

Table 12. Comparison of alternative evolutionary strategies 

Characteristic 

Evolutionary strategy 

Specialist Generalist 
Factor controlling physical expression of 
adaptive traits 

Genotype Environment 

Mechanism for accommodating environmental 
heterogeneity 

Genetic 
variation 

Phenotypic 
plasticity 

Range of environments across which 
physiological processes function optimally 

Small Large 

Slope of gradients for adaptive traits Steep Flat 

Source: Rehfeldt 1994. 
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Table 13. Adaptive genetic variation vulnerability scores for a forest tree climate change vulnerability 
assessment of six subregional study areas in the Pacific Northwest1 

 Subregional study area 

Species W. WA NW OR E. WA E. OR 
Central 

OR SW OR 
Average 

score 
Pacific madrone      100 100 
Oregon white oak  100 100   60 87 
Douglas-fir 50 100 100 100 100 60 85 
Bigleaf maple 50 100 100   60 78 
Subalpine fir 84 67 67 67 67 100 75 
Lodgepole pine, Sierra 

lodgepole pine 
 67 100 100 67 40 75 

Whitebark pine  0 100 100 100 60 72 
Subalpine larch   67    67 
Western larch  67 67 67 67  67 
Engelmann spruce 84 0 67 67 67 100 64 
Ponderosa pine  67 67 67 67 40 62 
Grand fir 50 67 67    61 
Port-Orford-cedar      60 60 
Grand fir-white fir    67 67 40 58 
Alaska yellow-cedar 67 67 33    56 
Noble fir 100 33 33    55 
Western hemlock 34 67 67  67 40 55 
Incense-cedar     67 40 54 
Red alder 50 67    40 52 
Pacific silver fir 100 33 67  33 20 51 
Tanoak      40 40 
Jeffrey pine      40 40 
Canyon live oak      40 40 
California black oak      40 40 
Mountain hemlock 67 33 33  33 20 37 
Paper birch   33    33 
Quaking aspen   33 33   33 
Western redcedar 17 33 67   0 29 
Sugar pine  33   33 20 29 
Noble fir - Shasta red fir     33 20 27 
Black cottonwood 34 0 33 33   25 
Western white pine 0 0 0 100 0 0 17 
Western juniper    0 0  0 
Sitka spruce 0 0     0 
Knobcone pine      0 0 
Shore pine  0     0 

       Lowest vulnerability      Highest vulnerability 
1 Scores range from 0 to 100 (100 = highest vulnerability rating) within each subregion; average scores across all subregions are also 
presented. Analysis was performed on group 1 species; blank cells indicate that a species was either in group 2 or 3 or was absent 
from the subregion. 
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had relatively narrow seed zone elevation 
band widths (1,500 ft or smaller) and thus can 
be considered specialists. The two high-
ranking species without narrow seed zone 
elevation band widths were: 

o Bigleaf maple, which had high 
subregional vulnerability scores 
owing to its insect pollination vector; 
and 

o Whitebark pine, which had high 
subregional vulnerability scores 
owing to the presence of disjunct 
populations.  

• Seed zone elevation band width ratings varied 
by subregion for some species (e.g., grand fir 
and red alder band widths differed between 
Washington and Oregon), which affected 
subregional vulnerability scores. 

• Several species had comparatively high levels 
of variability among subregional scores. 
Often, this variability was attributable to the 
presence of one or more disjunct populations 
within a subregion (e.g., western white pine, 
Pacific silver fir, noble fir, whitebark pine). 

• The average score for broadleaf species was 
53 (minimum of 25; maximum of 100), 
whereas the average score for conifers was 46 
(minimum of 0; maximum of 85). 

Insects and Diseases 

This risk factor includes insects and diseases that 
presently affect the tree species under assessment or 
are expected to exacerbate the negative impacts of 
climate changes on tree survival, growth, or vigor. For 
every tree species, the entomologists and pathologists 
of the subregional Forest Service Forest Health 
Protection Service Centers calculated a threat score for 
each of the important insects and diseases based on 
severity and immediacy of impact. Within each 
subregion, these threat scores were then summed for 

each tree species to determine the tree’s vulnerability 
rating. Because the impact of various insect and 
disease threats varies within the Pacific Northwest 
region, tree species’ vulnerability scores also vary by 
subregion. Additionally, because local Forest Health 
Protection specialists rated threats within each 
subregion, scores may vary among subregions owing 
to differences in interpretation of the rating criteria. 

Species scores for the insects and diseases risk factor 
are shown in table 14. Key observations were: 

• The 10 species with the highest average 
vulnerability scores were: 4 true firs (grand fir 
was rated separately from the grand fir-white 
fir complex), 5 pines, and Douglas-fir. 

• The five highest-ranked tree species were 
affected by numerous insect and disease 
threats: 

o The grand fir-white fir complex—fir 
engraver, Armillaria root disease, 
laminated root rot, and Heterobasidion 
root disease. 

o Grand fir—balsam woolly adelgid, fir 
engraver, Armillaria root disease, 
laminated root rot, Heterobasidion 
root disease, and Douglas-fir tussock 
moth. 

o Subalpine fir—balsam woolly adelgid, 
western balsam bark beetle, laminated 
root rot, Armillaria root disease, and 
Pityokteines minutus. 

o Douglas-fir—laminated root rot, 
Douglas-fir beetle, Douglas-fir dwarf 
mistletoe, Armillaria root disease, 
Swiss needle cast, Douglas-fir tussock 
moth, western spruce budworm, and 
flatheaded fir borer. 

o Ponderosa pine—western pine beetle, 
mountain pine beetle, Armillaria root 
disease, Ips bark beetles, pine 
engraver beetles, and western dwarf 
mistletoe. 
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Table 14. Insect and disease vulnerability scores for a forest tree climate change vulnerability assessment of six 
subregional study areas in the Pacific Northwest1 

 Subregional study area 

Species W. WA NW OR E. WA E. OR 
Central 

OR SW OR 
Average 

score 
Grand fir-white fir     100 73 100 91 
Grand fir 92 64 81    79 
Subalpine fir 100 100 74 72 73 26 74 
Douglas-fir 28 76 100 68 100 65 73 
Ponderosa pine  88 70 44 83 79 73 
Lodgepole pine, Sierra 

lodgepole pine 
 82 70 46 68 50 63 

Whitebark pine  82 70 52 68 37 62 
Sugar pine  70   54 53 59 
Knobcone pine      47 47 
Pacific silver fir 86 64 28  24 26 46 
Tanoak      45 45 
Paper birch   44    44 
Western larch  52 49 20 46  42 
Mountain hemlock 31 64 30  27 47 40 
Noble fir 31 64 14    36 
Western white pine 58 45 28 10 24 53 36 
Port-Orford-cedar      34 34 
Quaking aspen   30 38   34 
Engelmann spruce 25 52 30 26 27 18 30 
Pacific madrone      28 28 
Bigleaf maple 47 33 7   14 25 
Red alder 14 42    20 25 
Noble fir - Shasta red fir     10 34 22 
Western hemlock 25 58 7  2 13 21 
Shore pine  21     21 
Jeffrey pine      18 18 
Sitka spruce 3 33     18 
Black cottonwood 20 27 14 8   17 
California black oak      12 12 
Canyon live oak      11 11 
Oregon white oak  9 5   14 9 
Western redcedar 3 9 7   3 6 
Incense-cedar     0 0 0 
Alaska yellow-cedar 0 0 0    0 
Western juniper    0 0  0 
Subalpine larch   0    0 

       Lowest vulnerability      Highest vulnerability 
1 Scores range from 0 to 100 (100 = highest vulnerability rating) within each subregion; average scores across all subregions are also 
presented. Analysis was performed on group 1 species; blank cells indicate that a species was either in group 2 or 3 or was absent from 
the subregion. 
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• For the lowest-ranked species: 

o Among the broadleaf species, the 
three oak species had the lowest 
vulnerability scores. 

o The five conifers with the lowest 
vulnerability scores were: incense-
cedar, Alaska yellow-cedar, western 
juniper, subalpine larch, and western 
redcedar. 

• The average score for broadleaf species was 
25 (minimum of 9; maximum of 45), whereas 
the average score for conifers was 38 
(minimum of 0; maximum of 91). 

• Scores were relatively consistent across 
subregions, with some exceptions. Species 
with the greatest variation were: 

o Douglas-fir—was scored most 
vulnerable of all species (100) for 
eastern Washington (where Douglas-
fir beetle, Douglas-fir dwarf mistletoe, 
and Armillaria root disease are major 
threats), but had a much lower score 
(28) for western Washington. 

o Subalpine fir—had high vulnerability 
scores for all subregions except 
southwestern Oregon. 

o Pacific silver fir—had relatively high 
vulnerability scores for western 
Washington and northwestern Oregon 
and low scores for eastern 
Washington and central and 
southwestern Oregon. Threats 
common to the two former subregions 
were Armillaria root disease and 
Heterobasidion root disease. 

• Although commercial tree species occur 
throughout the rankings, many important 
commercial species were ranked highly 
vulnerable. 

Overall Scores and Rankings 

For each species, subregional scores (averages of the 
five risk factor scores), and overall regional scores 
(averages across subregions), are presented in table 15. 
Higher overall scores indicate higher projected 
vulnerability to the effects of climate change. The 
average score for each risk factor is shown, by species, 
in table 16. General observations on the vulnerability 
scores and rankings include: 

• The species with the highest regional 
vulnerability scores (60 or higher) were: 
whitebark pine, subalpine fir, Pacific silver fir, 
Engelmann spruce, and subalpine larch (table 
15). These five species occur in high- or mid-
to-high-elevation habitats. 

• Species with moderately high regional 
vulnerability scores (50 to 59) were: noble fir, 
grand fir, Port-Orford-cedar, Oregon white 
oak, Alaska yellow-cedar, the grand fir-white 
fir complex, quaking aspen, mountain 
hemlock, and sugar pine. These nine species 
represent a wide range in habitats; there were 
no obvious patterns among the risk factor 
scores within this group (table 16). 

• The species with the lowest regional 
vulnerability scores (30 or lower) were: shore 
pine, western juniper, black cottonwood, 
knobcone pine, and red alder. The risk factor 
scores were generally low for these five 
species (table 16), with the exception of the 
distribution risk factor (table 9) and the 
reproductive capacity score for western 
juniper (table 10). All these species occupy 
low- or low-to-mid-elevation habitats. 

• Broadleaf species were scattered throughout 
the rankings, but only two species had scores 
of 50 or higher: Oregon white oak (55) and 
quaking aspen (51) (table 15). 

• Most of the major commercial tree species of 
the region occurred toward the middle of the 
vulnerability rankings (table 15), although 
some true firs had high vulnerability. 
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Table 15. Overall vulnerability scores for a forest tree climate change vulnerability assessment of six 
subregional study areas in the Pacific Northwest1 

 Subregional study area Overall 
regional 

score Species W. WA NW OR E. WA E. OR 
Central 

OR SW OR 
Whitebark pine  67 74 74 78 67 72 
Subalpine fir 71 77 64 70 69 69 70 
Pacific silver fir 81 66 62  59 56 65 
Engelmann spruce 66 55 57 61 61 72 62 
Subalpine larch   60    60 
Noble fir 61 60 54    58 
Grand fir 54 59 60    58 
Port-Orford-cedar      56 56 
Oregon white oak  54 62   48 55 
Alaska yellow-cedar 51 59 50    53 
Grand fir-white fir    51 47 55 51 
Quaking aspen 44 57   51 
Mountain hemlock 51 60 50  41 49 50 
Sugar pine  59   51 39 50 
Noble fir - Shasta red fir     48 48 48 
Pacific madrone      46 46 
Tanoak      46 46 
Lodgepole pine, Sierra 

lodgepole pine 
 56 51 43 36 42 46 

California black oak      45 45 
Western hemlock 22 52 44  52 42 42 
Douglas-fir 31 41 45 42 60 36 42 
Bigleaf maple 29 50 47   39 41 
Western larch  52 38 32 43  41 
Canyon live oak      40 40 
Jeffrey pine      39 39 
Western white pine 38 39 28 57 33 36 38 
Ponderosa pine  46 39 22 32 46 37 
Incense-cedar     38 33 36 
Western redcedar 26 36 45   35 36 
Paper birch   35    35 
Sitka spruce 26 39     33 
Red alder 20 38    33 30 
Knobcone pine      30 30 
Black cottonwood 28 27 28 32   29 
Western juniper    30 27  28 
Shore pine  17     17 

       Lowest vulnerability      Highest vulnerability 
1 Scores range from 0 to 100 (100 = highest vulnerability rating) within each subregion; average scores across all subregions are also 
presented. Analysis was performed on group 1 species; blank cells indicate that a species was either in group 2 or 3 or was absent 
from the subregion. 
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Table 16. Summary of risk factor vulnerability scores for a forest tree climate change vulnerability assessment in 
the Pacific Northwest. Scores are from the average score columns in tables 9-11, 13, and 14; species are ranked 
according to overall regional vulnerability scores (table 15)1 

 
Risk factor vulnerability score 

Species Distribution 
Reproductive 

capacity 
Habitat 
affinity 

Adaptive 
genetic 

variation 
Insects and 

diseases 
Whitebark pine 86 88 54 72 62 
Subalpine fir 63 60 78 75 74 
Pacific silver fir 57 74 97 51 46 
Engelmann spruce 80 66 69 64 30 
Subalpine larch 59 75 100 67 0 
Noble fir 75 72 53 55 36 
Grand fir 54 72 21 61 79 
Port-Orford-cedar 77 60 47 60 34 
Oregon white oak 65 100 12 87 9 
Alaska yellow-cedar 77 72 63 56 0 
Grand fir-white fir 37 47 23 58 91 
Quaking aspen 69 75 42 33 34 
Mountain hemlock 61 31 83 37 40 
Sugar pine 80 30 51 29 59 
Noble fir - Shasta red fir 70 60 63 27 22 
Pacific madrone 61 40 0 100 28 
Tanoak 55 60 28 40 45 
Lodgepole pine, Sierra lodgepole 

pine 
39 22 29 75 63 

California black oak 77 80 15 40 12 
Western hemlock 56 23 57 55 21 
Douglas-fir 14 21 18 85 73 
Bigleaf maple 52 18 34 78 25 
Western larch 70 5 23 67 42 
Canyon live oak 73 60 15 40 11 
Jeffrey pine 58 60 19 40 18 
Western white pine 81 6 53 17 36 
Ponderosa pine 33 0 18 62 73 
Incense-cedar 77 30 18 54 0 
Western redcedar 61 52 30 29 6 
Paper birch 75 25 0 33 44 
Sitka spruce 67 29 49 0 18 
Red alder 39 0 35 52 25 
Knobcone pine 84 0 20 0 47 
Black cottonwood 65 5 32 25 17 
Western juniper 39 100 3 0 0 
Shore pine 63 0 0 0 21 

       Lowest vulnerability      Highest vulnerability 
1 The highest and lowest possible scores were 100 and 0, respectively (100 = highest vulnerability). 
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DISCUSSION OF GROUP 1 
VULNERABILITY SCORES 
The group 1 vulnerability assessment was designed to 
determine the relative climate change vulnerability of 
the major forest tree species of the Pacific Northwest 
Region. This assessment system produced a ranking of 
species that can be used to help prioritize management 
activities and focus limited resources on the most 
vulnerable species. However, the vulnerability scores 
shown in tables 9 through 11 and 13 through 16 should 
not be interpreted too narrowly. For example, if the 
vulnerability scores of two species differ by only five 
points, this difference in scores may not, for practical 
purposes, represent a meaningful difference in 
vulnerability. Emphasis should instead be placed on 
general patterns in the species rankings, large 
differences in scores, and most-importantly, the 
underlying reasons for vulnerability (e.g., shifts in 
habitat at high elevations or insect and disease threats 
that could be greatly exacerbated by climate change). 

Correlation Between Vulnerability 
and Elevation 

In most of the subregional analyses (appendices 1 
through 6), there was a general positive correlation 
between high mean elevation and high overall 
vulnerability. Many of the most vulnerable tree species 
were those occurring at the highest elevations. In the 
regional ranking, the top five species occur in high- or 
mid-to-high-elevation habitats. The ecological factors 
contributing to the higher scores of higher elevation 
species included:  

• Species that were limited to high-elevation 
habitats had limited distributions owing to the 
limited availability of these habitats; this 
limited distribution resulted in high 
vulnerability scores in the distribution risk 
factor. 

• Many of the high-elevation species had 
relatively low values for fecundity and seed-
dispersal distance but had high minimum 
seed-bearing ages (associated with slower 
growth). These characteristics contributed to 
high vulnerability scores for the reproductive 
capacity risk factor. However, this does not 
imply that these reproductive vulnerabilities 
are a result of the high-elevation environment 
(with the possible exception of an association 
between slower growth of high-elevation 
species and greater minimum seed-bearing 
age). 

• Precipitation was higher at higher elevations, 
and most of the high-elevation tree species 
had low drought tolerances; this, combined 
with the mean elevation variable (higher 
elevation = higher vulnerability), raised the 
vulnerability scores of high-elevation species 
within the habitat affinity risk factor. 

• In the case of one of the high-elevation 
species, whitebark pine, the presence of 
disjunct populations in several subregions 
increased the species’ adaptive genetic 
variation risk factor score. 

Actions to mitigate potential effects of a changing 
climate on these high-elevation tree species must 
consider the multiple vulnerabilities of each species 
and may use these risk factors and variables as a 
starting point. It is evident from the variation in scores 
among the five risk factors (table 16) that, although 
they share a common habitat, these at-risk species 
each face a unique set of vulnerabilities. Specific 
actions to address these vulnerabilities are in the 
recommendations section of this report. For 
vulnerable, high-elevation tree species, collecting 
baseline information and monitoring changes over 
time are key to understanding climate influences. 

Our results showing high vulnerability of high-
elevation tree species supports the potential climate 
change effects summarized in a recent publication on 
management of Pacific Northwest federal forests 
under a changing climate (Spies et al. 2010). The 
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authors note that a comparatively high percentage of 
mid- to high-elevation habitat in the Pacific Northwest 
is federally owned, and they cite the importance of 
managing these lands for habitat connectivity via 
interagency coordination. For whitebark pine, 
predicted reductions in suitable habitat are expected to 
significantly limit future distribution; however, long 
seed-dispersal distances may aid northward migration, 
assuming that the rate of climate change does not 
exceed the rate at which the species is capable of 
migrating (Richardson et al. 2010). Another recent 
analysis suggested that the Pacific Northwest’s 
congressional reserves, often associated with high-
elevation habitat, will become increasingly important 
to localized species under projected climate change 
(Carroll et al. 2010). In addition to these high-
elevation habitats, the authors found that the region’s 
cool, coastal habitats and paleorefugia will be 
important sites for maintaining biodiversity under a 
changing climate.  

Planting of high-elevation tree species may become 
increasingly important in the future. Models of future 
high-elevation forest types project significant shifts in 
suitable habitat during the 21st century (e.g., Coops 
and Waring 2011, Monserud et al. 2008). If shifts in 
forest habitat at higher elevations result in widespread 
tree mortality, seedling production and planting of 
high-elevation tree species may become an important 
management option. Such activities will require an 
assessment of seed availability and creation of an 
appropriate seed bank for highly vulnerable tree 
species. 

The higher vulnerability species (i.e., overall regional 
scores ≥50) prevalent at low or low and middle 
elevations were grand fir, Port-Orford-cedar, Oregon 
white oak, the grand fir-white fir complex, and sugar 
pine (table 15). These low- and mid-elevation species 
were quite variable in their areas of highest 
vulnerability. For example, the highest vulnerability 
scores for grand fir were for reproductive capacity, 
adaptive genetic variation, and insect and disease 
threats. The grand fir-white fir complex was 
consistently most vulnerable to insect and disease 

threats (e.g., fir engraver, Armillaria root rot, and 
Heterobasidion root disease). Port-Orford-cedar’s area 
of greatest vulnerability (based on the five risk factors) 
was its limited distribution within the region, whereas 
Oregon white oak was consistently vulnerable in the 
reproductive capacity and adaptive genetic variation 
risk factors. This variation among species suggests that 
many of these trees would require species-specific 
management actions for addressing potential effects of 
climate change. 

Forest Series 

Despite the differences in vulnerabilities among 
species discussed earlier, some management activities, 
such as long-term monitoring, may be carried out 
more efficiently if applied simultaneously to multiple 
species. For example, plots for monitoring tree 
reproduction could be placed where more than one 
vulnerable tree species co-occur. To explore this 
possibility, we used forest series (also known as 
climax tree series or plant association series) to 
determine whether forest types contained trees of a 
similar level of vulnerability. If this were the case, 
then management activities could potentially be 
focused on the most vulnerable forests. A forest series 
is identified by the dominant overstory tree species 
present when a stand succeeds to a climax condition 
and includes all of the different combinations of 
overstory and understory vegetation that eventually 
succeed to this common climax condition. Although it 
may not be the ideal classification system, we chose to 
use forest series in this example because the forest 
series have been classified for all national forests in 
the region.  

In five of our subregional analyses, we present tables 
that show the climate change vulnerability of the tree 
species within each forest series (appendices 2 through 
6). Because Pacific Northwest forest series (and plant 
associations) were typically defined for ecological 
areas at a scale encompassing only one or two national 
forests, we present separate tables of forest series at 
this scale. We found that, for most subregions, the 
forest series at the highest and lowest elevations 
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contained tree species that were similarly high or low, 
respectively, in vulnerability. However, forest series at 
intermediate elevations contained tree species with a 
wide range in climate change vulnerability. Also, the 
subregion with the greatest tree species diversity, 
southwestern Oregon, had forest series that included 
numerous tree species exhibiting wide ranges in 
vulnerability. Thus, efficacy of managing for climate 
change vulnerability at the forest series level should be 
evaluated by managers at the subregional level. A 
narrower category than forest series, however, would 
likely be more effective for grouping associated tree 
species that are also of similar vulnerability.  

The subregional scores from this climate change 
vulnerability assessment (see appendices 1 through 6) 
may be applied to vegetation classification systems 
other than forest series, including those that have 
developed at a subregional geographic scale. An 
example of a vegetation classification system that 

may, in the context of climate change, be more 
appropriate than forest series is the potential 
vegetation hierarchy that has been described and 
applied in the Blue Mountains (Powell et al. 2007). 
That system incorporates a matrix of temperature and 
moisture regimes into which each potential vegetation 
type can be classified. Using the temperature-moisture 
matrix, one could determine in which cells of the 
matrix the most at-risk tree species occur. 

VULNERABILITY OF GROUP 2 
TREE SPECIES 
Group 2 includes tree species that are not significant 
components of the forest canopy, owing to small size 
(i.e., present in the mid-story rather than the overstory) 
or because they occur infrequently, as scattered 
individuals or populations. Among our 6 subregions, 
17 tree species were classified as belonging to group 2 

Table 17. Group 2 species (subcanopy or minor canopy species) included in the climate change vulnerability 
assessment of Washington and Oregon. Group assignments are show for each subregional study area1  

 
Subregional study area 

Species W. WA NW OR E. WA E. OR 
Central 

OR SW OR 
Bitter cherry 2 2 2 2 2 2 
Black hawthorn 2      
Cascara  2 2 2 2 2 2 
Golden chinquapin 3 2   2 2 
Netleaf hackberry   2 2   
Oregon ash  2 2    2 
Oregon myrtle      2 
Pacific dogwood 2 2    2 
Pacific willow 2 2 2 2 2 2 
Pacific yew 2 2 2 2  2 
Peachleaf willow    2   
Rocky Mountain juniper 3  2 3   
Rocky Mountain maple 2 2 2 2 2 2 
Scouler’s willow 2 2 2 2 2 2 
Water birch   2 2   
Western crab apple  2 2     
White alder  2  2  2 
1 Taxonomic information is shown in tables 2 and 3. Species in this table were assigned to group 2 in at least one subregion and were not 
assigned to group 1 in any subregion; some were assigned to group 3 (rare species) in one or more subregions.  
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(table 17). Because many of the group 2 tree species 
have not been studied as thoroughly as the group 1 
species, available information was often insufficient to 
perform a quantitative vulnerability assessment as we 
did with the group 1 species. Here, as in the 
subregional analyses (appendices 1 through 6), we 
review aspects of habitat, reproductive characteristics, 
and other features of group 2 species that may 
influence their vulnerability to changes in climate. 

Shade and Drought Tolerance 

The tree species of group 2 vary widely in habitat 
requirements and habitat specificity. In table 18, the 
group 2 species are organized according to drought 
and shade tolerances. Seven of the eight species of low 
shade tolerance are adapted to establishing as pioneer 
or early successional species after disturbance (e.g., 
floods, fire, windstorms, harvest). One exception is 
Rocky Mountain juniper, which is a slow-growing 
species that typically establishes on very dry sites 
where there is little competition from other tree 
species. Other shade-intolerant species, including 
golden chinquapin, netleaf hackberry, and Scouler’s 
willow, also may persist for a relatively long period of 
time, given a lack of major disturbance. 

The group 2 species of medium shade tolerance 
normally occur in locations partially shaded by the 
forest canopy, although their growth and reproductive 
rates are generally better under full sunlight. These 
species may establish at forest edges, following 
disturbance, or in canopy gaps. In group 2, only water 
birch, Pacific yew, and Oregon myrtle are classified as 
shade-tolerant. Pacific yew occurs on a wide range of 
sites and is unique among conifers in the region, in 
that it is well-adapted to growing and reproducing 
under full shade. 

The group 2 species of low drought tolerance occur in 
riparian areas and other sites that supply year-round 
moisture. The species of medium drought tolerance are 
found across a wider range of forest types, although 
Scouler’s willow and Oregon ash also tolerate very 
wet sites. Of the four species highest in drought 
tolerance, three are evergreen, and only one, Oregon 
myrtle, is tolerant of shade. 

Reproduction 

Detailed information on reproductive attributes such as 
seed dispersal distance and level of seed production is 
unavailable for many of the group 2 species, but we 
were able to classify the species into four groups based 

on seed type and dispersal 
mechanism (table 19). The 
first and second groups in 
table 19 include species of the 
willow and birch families, 
respectively. The willows 
produce substantial numbers 
of very small, light seeds 
bearing fine hairs; these seeds 
are capable of traveling long 
distances via wind or water. 
White alder and water birch 
produce small, winged seeds 
that usually fall within several 
hundred yards of the parent 
tree. Douglas maple and 
Oregon ash produce relatively 

Table 18. Shade tolerance and drought tolerance of Group 2 tree species 

Drought 
tolerance 

Shade tolerance 

Low Medium High 
Low White alder 

Pacific willow 

Peachleaf willow 

Western crab apple Water birch 

Medium Scouler’s willow 

Oregon ash 

Cascara 

Douglas maple 

Bitter cherry 

Pacific dogwood 

Black hawthorn 

Pacific yew 

 

High Golden chinquapin1 

Netleaf hackberry 

Rocky Mountain 
juniper 

 Oregon myrtle 

1 Golden chinquapin is tolerant of moderate shade on some sites, but growth and vigor is 
low until it is released from competition. 
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large, winged seeds that are primarily dispersed by 
wind; dispersal distance of these seeds is apparently 
limited unless they are carried by strong winds or 
transported by animals. The fourth species group is 
characterized by seed dispersed primarily by animals. 
Seeds of these 10 species often are cached or dropped 
within several hundred yards of the parent tree, but 
there is potential for the seed to be transported greater 
distances. Of the group 2 species, more than half are 
insect-pollinated. 

All group 2 species except Rocky Mountain juniper 
are capable of reproducing both vegetatively and 
sexually. In many types of vegetative reproduction, a 
developed root system already exists, potentially 
facilitating rapid growth in the initial months and years 
following a disturbance. Forms of vegetative 

reproduction among various group 2 species include 
stump sprouts, root collar (i.e., the base of the stem) 
sprouts, root sprouts, layering (i.e., sprouting of 
branches that have sagged and contacted the soil), and 
sprouting from pieces of broken limbs. However, 
vegetative reproduction originating from stump or root 
sprouts or layering does not provide the potential for 
propagule dispersal, as does sexual reproduction; 
vegetative reproduction thus substantially limits 
colonization of new habitat created by stand-replacing 
disturbance. Additionally, vegetative reproduction is 
clonal and thus does not create the variety of 
genotypes that are produced by sexual reproduction; 
vegetative reproduction therefore does not facilitate 
genetic adaptation to a changing environment.  

Table 19. Reproductive characteristics of Group 2 tree species  

Species 
Pollination 

vector Seed type and dispersal 
Primary seed 

dissemination vector 
Vegetative 

reproduction 
Pacific willow Insect Abundant, very small 

seeds; may be dispersed 
miles  

Wind Yes 

Yes 

Yes 

Peachleaf willow Insect 

Scouler’s willow Insect 

Water birch  Wind Small, winged seeds; 
typically dispersed 
several hundred yards 

Wind and water Yes 

Yes White alder Wind 

Douglas maple Insect, wind Large, heavy seeds; 
probably limited dispersal 
distance 

Wind; animal vectors of 
lesser importance 

Yes 

Yes Oregon ash Wind 

Bitter cherry 

 

Insect Seed type varies; may 
occasionally be dispersed 
miles (km) depending on 
vector 

Birds and small mammals Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

 

Black hawthorn Insect 

Cascara 

 

Insect 

Golden chinquapin1 Insect 

Netleaf hackberry Insect 

Oregon myrtle Insect 

Pacific dogwood Wind, insect 

Pacific yew 

 

Wind 

Rocky Mountain juniper1 Wind 

 Western crab apple Wind 
1 Species were classified as group 3 in one or more subregions and are also discussed in the group 3 section below. 
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Distribution 

Although some of the group 2 species have a 
distribution edge within the regional study area (e.g., 
netleaf hackberry, Oregon ash, Oregon myrtle), only 
two species have populations that have been identified 
as potentially vulnerable based on their overall 
distribution. These species, Rocky Mountain juniper 
and golden chinquapin, were classified as group 3 in 
one or more subregions and are discussed in the 
section on vulnerability of group 3 species. 

Implications for Climate Change 

Most of the group 2 tree species occur on sites with 
extreme moisture regimes (i.e., flooding or drought) or 
as understory components of multiple forest types. 
Based on projections of increases in summer drought, 
the drought-tolerant species in group 2 may become 
more competitive on some sites, assuming other 
growing conditions are also favorable. However, these 
species may also lose suitable habitat on sites that are 
already marginal owing to low moisture availability. 
The group 2 species that often occur near perennial 
streams and rivers (e.g., willows, white alder, Oregon 
ash) may have increased opportunity to colonize 
disturbed areas under projected climate scenarios in 
which seasonal snowmelt and precipitation patterns 
increase major flood events. 

Tree species dependent on animal interactions to 
facilitate reproduction (pollination or seed dispersal) 
are vulnerable to climate change because changes in 
the animal’s behavior or distribution could affect the 
tree species’ reproduction. The example of whitebark 
pine, and its dependence on a single bird species, 
Clark’s nutcracker, for primary seed dispersal (Lorenz 
and Sullivan 2009), is noted in our discussion of group 
1 tree species. Although many group 2 species are 
insect-pollinated or produce seed that is dispersed by 
animals, vulnerability to climate change is likely to 
differ among these tree species based on their number 
of animal associates and the specificity of the 
relationships. Most insect-pollinated plant species 

have multiple pollinator species, sometimes 30 or 
more (Kearns et al. 1998, Waser et al. 1996). 
Similarly, most plants producing animal-dispersed 
seed have multiple species providing dispersal vectors 
(Herrera 1985). While it is likely that pollination- and 
seed dispersal-related vulnerabilities to climate change 
are lower for tree species associated with a large 
number of species of pollinators or seed dispersers, 
these associations are not well-documented for most of 
the group 2 tree species. Therefore, if reproductive 
limitations emerge for any group 2 species based on 
pollen or seed vectors, these changes should be 
investigated to determine causes and potential 
mitigation measures. 

Unlike many of the group 1 tree species, which have 
been included in various studies of potential climate 
change effects on vegetation, we are not aware of 
studies addressing climate change effects on the 
species that we classified as group 2. Maps of 
projected changes in potential habitat (climate 
envelope models) are available for some of these 
species (Rehfeldt et al. 2006, Hargrove and Hoffman 
2005), as discussed by Aubry et al. (2011). However, 
no species-specific conclusions have yet been drawn 
based on these projections of habitat change. 

VULNERABILITY OF GROUP 3 
TREE SPECIES 
Three of the six subregions included group 3 (i.e., 
subregionally rare) tree species: western Washington, 
eastern Oregon, and southwestern Oregon (tables 4 
and 20). Some of these species—Alaska yellow-cedar, 
mountain hemlock, golden chinquapin, Rocky 
Mountain juniper, whitebark pine, and ponderosa 
pine—were rare within one or two subregions (i.e., 
group 3) but common in other subregions (i.e., groups 
1 or 2). The specific climate change vulnerabilities of 
the group 3 tree species listed in table 20 are discussed 
in greater detail in the subregional analyses 
(appendices 1 through 6). 
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Table 20. Summary of potential climate change vulnerabilities of group 3 tree species 
Species (group 3 

subregions) 
Potential vulnerabilities to projected      

changes in climate Other notes 

Alaska yellow-cedar (E. 
OR, SW OR) 

An isolated eastern Oregon population (26 acres) 
has survived for thousands of years as a result of 
abundant soil moisture from springs and seeps; 
this species’ capacity to regenerate and compete 
with other tree species in the stand is dependent 
on the site’s hydrologic regime 

Populations in southwestern Oregon occur near 
the extreme southern edge of the species’ 
distribution; populations occur on harsh, high-
elevation sites where moisture is sufficient; a 
warming climate could affect moisture availability 
(including snowpack) and could affect the level of 
competition from other tree species 

In the eastern Oregon population, a high 
level of mortality has occurred since a 
low-intensity understory burn in 2006; 
however, this population, including the 
largest trees, has survived fire in the past 
(Frenkel 1974); other tree species did not 
incur fire-related mortality and thus may 
provide a high level of competition for the 
surviving and regenerating Alaska yellow-
cedar 

Populations in southwestern Oregon are 
apparently relicts from a period when 
suitable sites were more widespread in 
the region 

Baker cypress (SW OR) Climate-related changes in wildfire frequency and 
decisions regarding fire suppression could affect 
the survival and reproduction of populations 

Heavily dependent on fire regime; 
management of wildfire and application of 
prescribed fire are of key importance 
regardless of climate change 

Brewer spruce (SW OR) Warmer, drier air during the growing season may 
result in reduced photosynthesis and growth; 
because this species is tolerant of a deep 
snowpack, a reduction in snowpack could 
negatively affect its competitiveness relative to 
other tree species 

Populations in southwestern Oregon are 
apparently relicts from a period when 
suitable sites were more widespread in 
the region 

Coast redwood             
(SW OR) 

Vulnerability is likely low relative to most other 
regional tree species because coast redwood only 
occupies coastal habitat where climate change 
effects are projected to be of lower magnitude than 
inland and at higher elevations 

None 

Golden chinquapin (W. 
WA) 

Western Washington populations are disjunct and 
relatively small, which makes them potentially 
vulnerable to climate-related disturbance; because 
golden chinquapin is adapted to warm, dry 
conditions, risk of climate-related habitat loss may 
be somewhat lower than for most other group 3 
tree species 

These populations suffer from competition 
from other tree species; their genetic 
uniqueness is unknown; the Olympic 
Peninsula population occurs on Forest 
Service, WADNR, and private land and 
thus will require a coordinated 
management effort 

Limber pine (E. OR) Distribution is highly discontinuous, making 
individual populations vulnerable to disturbance or 
environmental shifts; the combination of drought 
with white pine blister rust and mountain pine 
beetle infestations is the greatest climate-related 
threat 

Research is underway to find white pine 
blister rust resistance in limber pine 

Mountain hemlock (E. 
OR) 

A disjunct population occurs in Eagle Cap 
Wilderness on the Wallowa-Whitman National 
Forest; here, mountain hemlock is favored by lack 
of fire; stand-replacing fire would return the forest 
canopy composition to lodgepole pine 

Reductions in snowpack and warmer 
temperatures would increase growth, but 
summer drought stress may decrease 
growth (Peterson and Peterson 2001) 
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There are three different reasons why species were 
considered rare and thus classified as group 3:  

1) A species has a limited overall distribution 
and is endemic to a specific habitat (e.g., 
Brewer spruce, Baker cypress) (fig. 2); 

2) A study area included only small, isolated 
populations near the periphery of a species’ 
distribution (e.g., Rocky Mountain juniper, 
golden chinquapin, limber pine, mountain 
hemlock in eastern Oregon, and Alaska 
yellow-cedar in eastern and southwestern 
Oregon) (fig. 2); 

3) As an artifact of study area boundaries, only a 
small proportion of a species’ range is present 
in a given study area (e.g., coast redwood, 
golden chinquapin in western Washington, 
and limber pine) (fig. 2). 

Most of the group 3 species have small, disjunct 
populations within the region. Disjunct populations are 
at higher risk because, in addition to the potential 
negative impacts of climate change, they are also more 

prone to loss of genetic diversity resulting from 
restricted gene flow, inbreeding, and genetic drift. 
Geographic isolation can restrict the flow of pollen 
and/or seed among distinct populations or between 
disjunct and core populations. Gene flow through the 
movement of seed and pollen is an important source of 
genetic variation, which is necessary for adapting to 
changing environment. Small populations are also at a 
higher risk of the negative effects of inbreeding 
because a small effective population size increases the 
chance of matings among related individuals. Lastly, 
these small populations are subject to the random loss 
of genetic diversity known as genetic drift. Although 
in most cases these disjunct populations are at higher 
risk from climate change because of their small size 
and geographic isolation, the fact that the disjunct 
populations are at higher risk does not necessarily put 
the entire species at higher risk. However, disjunct 
populations can put an entire species at risk if the 
species has a limited overall distribution (e.g., Brewer 
spruce, Baker cypress). For such species, disjunct 
populations warrant special attention because their loss 

Table 20, continued 
Species (group 3 

subregions) 
Potential vulnerabilities to projected      

changes in climate Other notes 

Ponderosa pine (W. 
WA) 

Primarily limited to one disjunct population west of 
the Cascade Range in Washington; because it is 
adapted to warm, dry conditions, risk of climate-
related habitat loss for these ponderosa pine 
populations is probably lower than for most other 
group 3 tree species 

Ponderosa pine is adapted to warm, dry 
climates; the disjunct western Washington 
population is actively managed by Joint 
Base Lewis-McChord 

Rocky Mountain juniper 
(W. WA, E. OR) 

In western Washington, small, disjunct populations 
occur across a wide elevation range; disjunct 
populations also occur in eastern Oregon; though 
the species is adapted to hot, dry conditions, the 
relatively small size of these disjunct populations 
makes them inherently vulnerable to climate-
related disturbances or shifts in the composition of 
the communities in which they occur 

Western Washington populations may be 
a different species than inland 
populations (Adams 2007, Adams et al. 
2010) 

It is possible that the eastern Oregon 
populations represent a glacial refugium 
that later recolonized more northern areas 
(Adams 2011); there may be genetic 
differences between the eastern Oregon 
populations and the broader Rocky 
Mountain distribution 

Whitebark pine (W. WA) Occupies high-elevation habitat that is projected to 
decrease under a warmer climate; limited potential 
for migration 

Whitebark pine is also threatened by 
white pine blister rust, mountain pine 
beetle, and large high-severity fires 
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may significantly reduce the species’ overall genetic 
diversity. 

Genetic information is currently lacking for many of 
the disjunct populations of group 3 species (discussed 
below in the Gene Conservation section). Because 
these populations are at higher risk from both climate 
change and the evolutionary processes that may reduce 
genetic diversity, it is especially important to have 
population-level baseline data regarding molecular and 
adaptive genetic diversity; these data allow one to 
determine whether diversity is being lost over time. 
Additionally, it is important 
to know if these disjunct 
populations differ genetically 
from the rest of the species’ 
range as a result of their 
isolation. If they do, gene 
conservation from these 
populations is critical 
because, in the event of their 
loss (either through 
catastrophic disturbance or 
long-term processes), the 
only appropriate seed source 
will be from the populations 
themselves. 

Although all the group 3 tree 
species shown in table 20 
have a distribution edge 
within the regional study 
area, only one group 3 
species, Alaska yellow-cedar, 
has the southern edge of its 
distribution within the region 
(albeit with a few scattered 
populations in northern 
California). A warming 
climate is projected to cause a 
relatively higher level of 
environmental stresses for 
populations of a species that 
are already growing toward 
the southern end of that 

species’ distribution or at its lowest elevations 
(Hamann and Wang 2006, McKenney et al. 2007, 
Aitken et al. 2008). Although there are some 
exceptions due to non-climate factors influencing 
distribution, this pattern primarily results from 
southern, lower elevation populations already growing 
under conditions representing the species’ maximum 
tolerances of high temperatures and drought. In the 
Southern Cascades and Siskiyous of southwestern 
Oregon, Alaska yellow-cedar occurs in low-density 
stands on harsh, cold, high-elevation sites that are 

 

 

Figure 2. Examples of group 3 species distributions. 
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marginal for tree growth. It has been suggested that 
these stands are relicts of the time period between 
4,000 and 8,000 years ago when conditions were 
wetter in the region (Arno 2007). A reduced snowpack 
and warmer, drier summertime conditions could lead 
to a reduction in suitable habitat for Alaska yellow-
cedar in this area.  

Four group 3 species had the northern edge of their 
distributions within the region: Baker cypress, Brewer 
spruce, golden chinquapin, and coast redwood. Thus, 
for these species, there is a possibility of long-term 
northward range expansion, although this would be 
influenced by numerous factors in addition to 
temperature and precipitation trends. Examples of 
such factors include fire interval (especially affecting 
Baker cypress), interspecific competition among trees, 
and the marine influence in coastal habitats where 
climate change is projected to be much slower (Salathé 
et al. 2008). 

APPLICATION OF THE 
VULNERABILITY ASSESSMENT 
This climate change vulnerability analysis was 
designed to assess only factors related to, or 
potentially influenced by, climate change; the potential 
impact of climate change is just one of a number of 
considerations when planning the restoration and 
conservation of a particular tree species. For example, 
a look beyond the vulnerability rankings is necessary 
in the case of western white pine. Although the insects 
and diseases risk factor score for western white pine 
was relatively low (36), this does not imply that this 
species has no significant insect or disease 
vulnerabilities; rather, it can be explained by the fact 
that, in most subregions, western white pine had fewer 
threats than many of the other tree species. Western 
white pine has indeed been dramatically affected by 
the introduced pathogen Cronartium ribicola, which 
causes white pine blister rust (Kinloch 2003). The 
decreased vigor caused by this disease could also 
significantly increase this tree species’ overall 

susceptibility to other climate change effects. National 
forests continue to screen western white pine trees to 
find rust-resistant families and to develop and 
maintain orchards for the production of rust-resistant 
seed (Sniezko 2006). This work is critical for the 
restoration of the species, and it is necessary in 
addition to any management response to long-term 
climate change. Similarly, Port-Orford-cedar received 
a score of only 34 for the insects and diseases risk 
factor. Port-Orford-cedar has one major threat: 
Phytophthora lateralis, which has infested at least 9 
percent of all stands (Betlejewski et al. 2003). A 
breeding program was initiated by the U.S. Forest 
Service with a goal of ultimately producing seedlings 
with high disease-resistance using parent trees with 
high natural levels of resistance. Thus, for both 
western white pine and Port-Orford-cedar, a relatively 
low risk factor score does not indicate a lack of 
threats—threats that would be significant even in the 
absence of climate change—or the degree to which 
conservation and restoration is needed for each 
species. 

Because this assessment was conducted at the level of 
individual species, the complex changes in forest 
canopy composition that could result from climate 
change are beyond its scope. In many cases, our 
understanding of a forest community and successional 
patterns allows us to predict what will happen if a 
given tree species were to incur climate-related 
mortality in a stand. However, for predictions under a 
future climatic regime where the major stressors are 
yet uncertain, it is difficult to predict the dynamics of 
forest canopy change. Owing to this uncertainty, 
management decisions made at this time should be 
designed to maintain forest resiliency and biodiversity 
under a wide range of future conditions. In taking this 
broader view, the information that was compiled and 
organized to conduct the analysis (appendices 1 
through 8) may be as useful as the quantitative scores. 
Centralizing this information provided a framework 
for evaluating and comparing the importance of a wide 
variety of life history traits, threats, and other 
characteristics across many tree species. 
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Disturbance associated with climate change, including 
major droughts, insects and diseases, and wildfire, 
may have an increasing influence on many tree species 
in the future. In this vulnerability analysis we chose to 
use only risk factors based on attributes and threats 
that were already documented, as opposed to predicted 
future conditions, which would have introduced an 
added level of uncertainty. Thus, we included drought 
tolerance and documented insect and disease threats in 
our risk factors but did not include future habitat shifts 
predicted by climate envelope models (Aubry et al. 
2011) or predictions of future wildfire frequency. 
Quantification of future wildfire risk for a 
vulnerability assessment such as this would require: 

• Assumptions regarding the frequency and 
intensity of wildfire (and the extent of wildfire 
suppression) across the range of habitats that 
each tree species is predicted to occupy at a 
given point in the future. 

• For each tree species, quantification of 
whether its existing ecological adaptations to 
fire would be sufficient under a predicted 
future fire regime. 

Although we did not include wildfire risk in our 
quantitative analysis, we reviewed the adaptations of 
individual tree species to wildfire during the course of 
this project. This information is summarized in table 
21. 

In the group 1 vulnerability assessment, we weighted 
the risk factors equally in all the subregional analyses, 
facilitating score comparisons among subregions. 
However, in future applications of this assessment 
system, users may find it desirable to use alternative 
variable or risk factor weightings based on their 
objectives. The simplest approach would be to 
calculate the species’ overall scores giving greater 
weight to a risk factor deemed of particular 
importance. There are several other possible scoring 
approaches, such as calculating overall score based on 
a subset of the risk factors that had the highest scores 
(examples shown in appendices 2 through 6). 
Alternatively, a user could favor a specific risk factor 
in the calculation of overall species’ scores by 

assigning an overall score no lower than that of the 
chosen risk factor. For example, if insects and diseases 
was chosen as the most important risk factor, 
whitebark pine would retain its current overall score of 
72 (table 15), because its insects and diseases factor 
score was lower (i.e., 62) (table 16); however, 
subalpine fir would be scored 74 instead of 70 because 
its insects and diseases factor score was higher than its 
overall score. This scoring approach would be useful if 
the vulnerabilities associated with a given risk factor 
were of particular concern in an analysis.  
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Table 21. Influence of fire on native Pacific Northwest tree species (continues)1 

Species 
Fire resistance of  

mature trees 

Fire regime in typical habitat 

Frequency2 Intensity 
Alaska yellow-cedar Low Low; MFRI 150-350+ yr High 

Baker cypress Low, but dependent on severe 
fire to regenerate 

Unknown Unknown; probably high 

Bigleaf maple Low, but sprouts vigorously Variable; depends on site Variable 
Bitter cherry Low, but sprouts readily after 

top-kill 
Variable; occurs in a wide variety 

of forest types 
Variable 

Black cottonwood Low, but sprouts vigorously Variable, depends on forest type Variable, depends on site 
and forest type 

Black hawthorn Low, but sprouts readily after 
top-kill 

Variable, owing to diverse sites; 
less frequent on moist sites 

Variable 

Brewer spruce Low Probably low Unknown 
California black oak High resistance to surface fire Historical MFRI 15-150 yr 

depending on site 
Historical intensities were 

low 
Canyon live oak Low; sprouts vigorously  Historical MFRI 15-35 yr Historical intensities were 

low 
Cascara  Low, but sprouts readily after 

top-kill 
Variable, depending on forest 

type; MFRI 30-320 yr 
Variable 

Coast redwood Very high Historical MFRI 17-82 yr Variable 
Douglas-fir Moderate to high Frequency increases on drier 

sites 
Intensity increases with 

longer MFRI 
Engelmann spruce Very low Low; MFRI 150+ yr High 
Golden chinquapin Low to moderate for thick-

barked mature trees; 
sprouts readily after top-kill 

Variable, depending on forest 
type 

Variable 

Grand fir  Moderate Variable, more frequent on drier 
sites 

Variable; increases with 
longer MFRI 

Grand fir-white fir Moderate Variable, more frequent on drier 
sites 

Variable; increases with 
longer MFRI 

Incense-cedar Increases with age; large trees 
have moderate resistance 

Historically frequent; now 
variable, but more frequent on 
drier sites 

Variable 

Jeffrey pine High resistance to surface fires Historically MFRI 7-25 yr, longer 
in recent decades 

Variable; usually low to 
moderate severity 

Knobcone pine Low, but needs stand-
replacing fire to regenerate 

Depends on accumulation of fuels 
which is relatively slow 

Adapted to regenerating 
after high-intensity fire 

Limber pine Low; older trees may survive 
low-intensity fire 

Low; fire is infrequent on its 
typically low-productivity sites 

Variable 

Lodgepole pine, Sierra 
lodgepole pine 

Moderate; survives low-
severity fire 

Variable; MFRI often 25-75+ yr Variable 

Mountain hemlock Low Low; MFRI 400-800 yr High 
Netleaf hackberry Low, but sprouts readily after 

top-kill 
Infrequent on moist sites where it 

usually occurs 
Variable 

Noble fir Low to moderate Low High 
Noble fir - Shasta red 

fir 
Low to moderate Moderate; average MFRI 40-60 yr Moderate 

Oregon ash Unknown; sprouts readily after 
top-kill 

Probably infrequent on moist sites 
where it usually occurs 

Unknown 

Oregon myrtle Low; sprouts vigorously Variable, depends on forest type Variable 

Oregon white oak High resistance to surface fire Historical MFRI estimated to be 5 
or less to approx. 30 yr 

Historical intensities were 
low 

Pacific dogwood Unknown; sprouts readily after 
fire 

Variable Variable 
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Table 21, continued   

Species 
Fire resistance of  

mature trees 
Fire regime in typical habitat 

Frequency2 Intensity 
Pacific madrone Low; sprouts readily from burl 

after top-kill 
Historically frequent; now 

variable, but more  frequent 
on drier sites 

Variable; historically low to 
moderate 

Pacific silver fir Very low Low; MFRI <200 yr High 
Pacific willow Unknown, but likely sprouts 

after fire 
Probably infrequent on moist 

sites where it usually occurs 
Unknown 

Pacific yew Very low Abundance is positively related 
to time since last fire 

Often high, because MFRI 
are long 

Paper birch Low, but regenerates rapidly 
from seed 

Low Fire is often stand-replacing 

Peachleaf willow Low; sprouts after top-kill Probably infrequent on moist 
sites where it usually occurs 

Unknown 

Ponderosa pine High High prior to settlement, MFRI 
<30 yr; now less frequent 

Increases with longer MFRI 

Port-Orford-cedar High, owing to thick bark; 
moderate at pole-size 

Variable but MFRI averages 
approximately 20 yr 

Variable; depends on fuel 
accumulation 

Quaking aspen Low to moderate; regenerates 
rapidly after fire 

Variable; frequency greatly 
reduced post-settlement  

Variable; low-intensity to 
stand-replacing 

Red alder Resistant to low-intensity fire Infrequent on moist sites where 
it usually occurs 

Variable 

Rocky Mountain 
juniper 

Low to moderate Variable; MFRI 10-400 yr Variable 

Rocky Mountain maple Low, but sprouts vigorously Variable; occurs in a wide 
variety of forest types 

Variable; occurs in a wide 
variety of forest types 

Scouler’s willow Low; sprouts after top-kill Variable, depends on forest 
type 

Variable 

Shore pine Low to moderate Fires are rare in coastal habitat Unknown 
Sitka spruce Very low Low; MFRI 150-350+ yr High 
Subalpine fir Very low Low; MFRI >100 yr Usually high 
Subalpine larch Low Low Variable 
Sugar pine Moderate to high; mature trees 

survive most fires 
Historically frequent; now 

variable, but more frequent 
on drier sites 

Variable 

Tanoak Moderate; burls survive fire 
and sprout afterward 

MFRI 20-150 yr, depending on 
location 

Variable 

Water birch Low, but sprouts readily after 
top-kill 

Infrequent on moist sites where 
it usually occurs 

Variable 

Western crab apple Unknown Probably infrequent on moist 
sites where it usually occurs 

Unknown 

Western hemlock Low Low High 
Western juniper Increases with age; large trees 

have moderate resistance 
Variable; MFRI 7-25 yr, 

sometimes >100 yr 
Depends on stand age & 

density; fine fuels 
decrease with stand age 

Western larch High; regenerates rapidly from 
seed 

Variable; MFRI 25-75+ yr Variable 

Western redcedar Low; moderate for large trees Low; MFRI 50-350 yr High 
Western white pine Moderate; regenerates well 

after severe fire 
Variable Variable 

White alder Low Probably infrequent on moist 
sites where it usually occurs 

Unknown 

Whitebark pine Moderate; survives low-
severity fire 

Variable; MFRI 30-350+ Variable 

1 Data are from Fischer et al. (1996) and Agee (1993). 
2 MFRI = mean fire-return interval. 
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TOOLS AND MANAGEMENT OPTIONS 
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MONITORING CLIMATE CHANGE 
EFFECTS ON TREES 

The Role of Monitoring 

Monitoring enables us to quantify the influences of 
climate on forest trees; such information is needed to 
support decisions on mitigating potential climate 
impacts and to inform long-term management 
direction. Data from monitoring also can be used to 
validate model predictions and to test assumptions of 
preliminary adaptation strategies. Potential effects of 
climate change on trees include altered reproductive 
and vegetative phenology and growth, impacts on 
biotic seed and pollen vectors, and effects on genetic 
variation and population structure. In the following 
discussion, we address potential effects of climate 
change, as well as resources for monitoring. 

Climate Effects on Tree Phenology 
and Growth 

In plants, phenology is the annual cycle of 
development, as influenced by seasonal and 
interannual variations in climate. Phenological 
variables include the timing of budbreak, flowering, 
leaf abscission, bud set, and the onset of cold 
hardiness. Although relationships between climate and 
phenological events occur at the plant community 
level, responses to climate vary among individual co-
occurring species (Hoffmann et al. 2010, Miller-
Rushing and Primack 2008, Post et al. 2008). 

The effects of long-term climate change on different 
stages of the annual development cycle may vary. A 
warming climate could influence phenological 
sequences in a variety of ways, advancing or delaying 
all events together or advancing or delaying individual 
events while leaving others unchanged. In addition to 
seasonal timing, the annual duration of reproductive or 
vegetative events may increase, decrease, or remain 
unchanged (Post et al. 2008). Climate change will not 

alter the photoperiodic cues for bud set and height 
growth cessation but might affect phenological events 
that are triggered by accumulation of degree-days. It 
may also alter the synchrony of flowering among 
populations, affecting the potential for long-distance 
gene flow via pollen (Aitken et al. 2008). 

Phenology of many species of plants and animals is 
associated with climate, and thus their phenology also 
is very susceptible to the influence of climate change 
(Beaubien and Freeland 2000, Cayan et al. 2001, 
Morisette et al. 2008). Models of North American tree 
species predict that, during the 21st century, climate 
change will advance vegetative phenological events by 
5 to 9 days in the spring, depending on the climate 
model scenario (Morin et al. 2009). Early spring 
warming leading to earlier budbreak exposes new 
plant growth to an increased risk of frost damage 
(Augspurger 2009, Inouye 2008). In Alaska, climate 
has been implicated in Alaska yellow-cedar decline, as 
warmer temperatures lead to earlier melting of the 
snowpack and dehardening of roots on sites where 
rooting depth is limited by a shallow water table. 
Without the insulating snowpack, these tree roots have 
greater susceptibility to freezing damage (Schaberg et 
al. 2008). 

Climate during the growing-season influences a tree’s 
radial growth. Environmental variables including 
temperature and water availability influence the 
amount of wood that is formed during the growing 
season (the year’s tree ring) as well as characteristics 
of the wood within that ring. Tree ring data from 
recent years may be compared to historical records to 
better understand the influence of climate on tree 
growth. 

Climate Effects on Seed and Pollen 
Vectors 

Plant species that are insect-pollinated or have animal-
dispersed seed are more susceptible to climate change 
impacts because their reproduction is dependent on 
interactions with animal species that also are subject to 
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climate change influences (Hegland et al. 2009). Insect 
pollinators are predicted to be particularly susceptible 
to changing temperature regimes; if phenological 
responses to climate change in plants and insects are 
not parallel, this will result in mismatches between 
these mutalistic partners, potentially causing 
reductions in pollination (Hegland et al. 2009). For 
insect-pollinated tree species, these reductions in 
pollination may be evidenced by reduced seed 
production or seed viability. 

Genetic Variation and Population 
Structure 

It will be challenging to measure the effect of climate 
change on genetic diversity of trees owing to long 
generation times and the fact that adaptation is likely 
to lag behind environmental change (Aitken et al. 
2008, Lynch and Lande 1993, Savolainen et al. 2004). 
Genetic change in trees occurs very slowly; changes in 
genetic variation as a result of projected climate 
change are likely to be too slow to detect in the next 
100 years (Savolainen et al. 2004). 

Tree species have repeatedly adapted to changes in 
climate during their evolutionary history as a result of 
glaciations and subsequent warming patterns. For 
many species, this has led to steep genetic gradients 
across the landscape for some climate-related traits 
such as phenology (Hamrick 2004, Savolainen et al. 
2004). For a locally adapted population, a change in 
environment toward less suitable conditions leads 
initially to reductions in reproductive capacity and/or 
survival as a result of maladaptation. Because almost 
all quantitative characters exhibit some genetic 
variation, prolonged directional change in environment 
will generally result in adaptive evolution; however, 
any substantial reduction in population size will 
reduce the opportunities for such adaptation (Lynch 
and Lande 1993). 

Forest trees, and conifers in particular, exhibit many of 
the life-history traits associated with high levels of 
genetic variation in molecular markers, such as high 

fecundity, outcrossing, and wind pollination (Hamrick 
et al. 1979), and they generally have high levels of 
genetic variation for traits related to adaptation. To 
monitor the effects of climate change on genetic 
diversity, it is necessary to have baseline data with 
which to compare future observations. Although 
genetic diversity of many commercially important 
conifer species has been well-studied (using both 
selectively neutral molecular markers and adaptive 
quantitative traits), for some tree species this 
information is either completely lacking or does not 
fully cover the species’ distribution (table 22). 
Additionally, for many of the tree species with 
disjunct or geographically isolated populations, there 
is no genetic information available to determine 
whether these populations are genetically distinct from 
populations in the core part of the species’ range. To 
determine whether climate change has long-term 
effects on genetic diversity, it will be necessary to 
have baseline data on genetic variation both within 
populations (observed and expected heterozygosity 
[Ho and He] ) and among populations (population 
differentiation [FST or GST]) for tree species for which 
these parameters are currently unknown. For species 
with disjunct populations, this information is even 
more important, as it can potentially identify 
populations which are genetically unique.  

In the topographically varied environment of the 
Pacific Northwest, there is a high likelihood that 
refugia exist that will be buffered from some of the 
effects of future changes in climate. Identification and 
conservation of such refugia are critical to maintain 
seed sources and natural biodiversity. Conservation 
efforts will be a priority for any population that is 
geographically isolated because it may represent a 
current or future refuge for a species. Conversely, if 
such a population is genetically distinct, then it may 
not be an appropriate refuge for a species because of 
this genetic distinctness. 

  



64  Climate Change and Forest Trees in the Pacific Northwest 

  

Table 22. Pollen and seed dispersal vectors and availability of information on factors influencing tree 
species’  genetic vulnerability to climate change 

Species 

Pollen 
dispersal 

vector 
Seed dispersal 

vector 

Genetic 
information 

available 
Disjunct 

populations 

Genetic data 
available for 

disjunct 
populations 

Group 1      

Alaska yellow-cedar Wind Wind X W. WA,        
E. OR 

Yes (W. WA) 

Bigleaf maple Insects Wind X - - 

Black cottonwood Wind Wind X - - 

Canyon live oak Wind Birds, mammals X - - 

California black oak Wind Birds, mammals X - - 

Douglas-fir Wind Wind X - - 

Engelmann spruce Wind Wind X W. WA,     
SW OR 

No 

Grand fir Wind Wind X - - 

Incense-cedar Wind Wind X - - 

Jeffrey pine Wind Wind X - - 

Knobcone pine Wind Wind X - - 

Lodgepole pine Wind Wind X - - 

Mountain hemlock Wind Wind X W. WA No 

Noble fir Wind Wind X W. WA No 

Oregon white oak Wind Wind X - - 

Pacific silver fir Wind Wind X W. WA No 

Pacific madrone Insects Birds, mammals X - - 

Paper birch Wind Wind, water X - - 

Ponderosa pine Wind Wind X W. WA Yes 

Port-Orford-cedar Wind Gravity, water X - - 

Quaking aspen Wind Wind, water X - - 

Red alder Wind Wind X - - 

Shasta red fir Wind Wind X - - 

Shore pine Wind Wind X - - 

Sitka spruce Wind Wind X - - 

Subalpine fir Wind Wind X SW OR No 

Subalpine larch Wind Wind X - - 

Sugar pine Wind Wind X - - 

Tanoak Wind Birds, mammals X - - 

Western hemlock Wind Wind X - - 

Western larch Wind Wind X - - 

Western juniper Wind Birds, mammals, 
water gravity 

 - - 

Western redcedar Wind Wind X - - 

Western white pine Wind Wind X - - 

Whitebark pine Wind Wind X All 
subregions 

Yes 
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Resources for Monitoring Long-
Term Climate Effects On Trees 

Long-term monitoring of tree health and species 
distributions is essential to understanding how these 
factors are influenced by climate. The most 
comprehensive ongoing forest monitoring program is 
the Forest Service Pacific Northwest Research 
Station’s Forest Inventory and Analysis (FIA) 
program, which collects data on all forests in the 

region, regardless of ownership (USDA Forest Service 
2010b). A parallel program that specifically focuses on 
forest health is the Forest Health Monitoring Program 
of the Forest Service Pacific Northwest Region Forest 
Health Protection. The Monitoring on the Margins 
initiative of the Forest Health Monitoring program is 
an example of an effort designed to identify early 
effects of climate change on already-threatened tree 
species (Smith et al., n.d.). In the Pacific Northwest 
region, Monitoring on the Margins will focus on high-
elevation, five-needle pines because these species are 

Table 22, continued 

Species 

Pollen 
dispersal 

vector 
Seed dispersal 

vector 

Genetic 
information 

available 
Disjunct 

populations 

Genetic data 
available for 

disjunct 
populations 

Group 2      

Bitter cherry Insects Birds, mammals  - - 

Black hawthorn Insects Birds, mammals X - - 

Cascara Insects Birds  - - 

Douglas maple Insects Wind  - - 

Golden chinquapin Wind Birds, mammals  W. WA No 

Netleaf hackberry Wind   Birds, small 
mammals   

 - - 

Oregon ash Wind Wind, animals  - - 

Oregon myrtle Insects   Animals, gravity, 
water 

X - - 

Pacific dogwood Insects Birds, mammals X - - 

Pacific willow Insects Wind  - - 

Pacific yew Wind Birds, mammals X - - 

Peachleaf willow Insects Wind, water    - - 

Rocky Mountain juniper Wind Birds, mammals X W. WA Yes 

Scouler’s willow Insects Wind  - - 

Water birch Wind   Wind, water, 
birds   

X - - 

Western crab apple Insects Birds, mammals X - - 

White alder   Wind Wind, water    - - 

Group 3      

Baker cypress Wind Wind  SW OR No 

Brewer spruce Wind Wind X SW OR Yes 

Coast redwood Wind Wind X - - 

Limber pine Wind Wind X E. OR No 
Note: Group 1 species in this table were assigned to group 1 in at least one subregion; group 2 species in this table were assigned 
to group 2 in at least one subregion and were not assigned to group 1 in any subregion; group 3 species in this table were species 
that were never assigned to groups 1 or 2. 
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threatened by white pine blister rust as well as by 
climate change, which is projected to have a greater 
impact on high-elevation species. 

Owing to the variety of influences that climate has on 
forests, variables that may be affected by future 
climate change range from the scale of population-
level phenology to landscape-scale species 
distributions (table 23). Because relatively little is 
known about the effects of climate on many of the 
region’s tree species, the choice of which species to 
monitor, and thus where to allocate limited resources, 
is particularly important. This vulnerability assessment 
was designed to provide useful information for 
prioritizing tree species for monitoring. 

Annual phenology can be monitored using a variety of 
techniques including repeated observation during the 
growing season, automated photography (Crimmins 
and Crimmins 2008), and remote sensing (Reed et al. 
2009). In 2009, the Pacific Northwest Research 
Station, Olympic National Forest, and Washington 
State Department of Natural Resources collaborated 
on a pilot program to monitor tree phenology in seed 
orchards. Trees in seed orchards are well-suited to 
monitoring because they are usually of known 
parentage and are easily accessed by seed orchard 
personnel. Forest Service seed orchards throughout 
Washington and Oregon contain many of the native 
tree species of the region. These seed orchards have 
significant potential for monitoring climate effects on 
phenology, because many orchards contain multiple 
individuals from 50 to 200 unrelated families. 
Furthermore, trees of the same species from multiple 
seed zones are present in orchards located across a 
broad range of geographic and climatic zones. The 
seed orchard pilot monitoring program assesses timing 
of spring vegetative budbreak, a variable known to be 
associated with climate, although additional variables 
may be monitored in the future. Relationships between 
climate and tree phenology also are the subject of 
ongoing research conducted by the Forest Service 
Pacific Northwest Research Station (Gould et al. 2011, 
Harrington et al. 2010). 

Relationships between climate and tree growth can be 
assessed by monitoring tree radial growth. Forest 
Service FIA data can be used to examine growth 
patterns at broad spatial and temporal scales (the 
remeasurement interval in this region is 10 years), but 
assessment of relationships between inter-annual 
climate patterns and tree growth requires annual 
growth data. Such data are most often acquired by 
coring trees and then analyzing tree rings or by 
installing dendrometers on trees. Dendrometers 
provide precise measurements of a tree’s radial growth 
and can be used to assess intra-annual or inter-annual 
growth patterns. Measurements of annual growth are 
relatively resource-intensive; therefore, it is important 
to select trees that are representative of the populations 
of interest. For example, because populations at the 
extremes of a species’ habitat may be the most likely 
to experience climate change effects, sampling may 
need to include trees at the edges of the species’ 
distribution or at the extremes of its elevation range. 

Landscape-level monitoring of species frequency and 
range is a substantial undertaking, and the best current 
assessment is FIA’s annual inventory, which covers 
both public and private forest lands. The FIA program 
monitors forest composition, regeneration, and a 
variety of forest health indicators. While this is the 
best dataset available for monitoring range-wide tree 
species distributions, it uses a relatively low sampling 
intensity and is designed to provide information at a 
broad scale (e.g., western Washington). One 
permanent plot is established per 6,000 ac (2,400 ha), 
and 10 percent of plots are remeasured annually.  

Long-term data from the FIA inventory will likely be 
an important component of monitoring climate change 
impacts on forest composition, but additional, targeted 
monitoring programs could be needed as specific 
impacts are identified. For example, Alaska yellow-
cedar, understood to be suffering from climate-related 
decline, is the subject of intensive monitoring in 
Alaska (Hennon et al. 2008, Snyder and Lundquist 
2007). 

The influence of climate on tree reproduction is of 
particular relevance to trees’ adaptation to climate  
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Table 23. Options for monitoring potential climate change effects on tree species of the Pacific Northwest 
region 

Potential climate change effect 

How to monitor effect Effect Importance Examples 
Genetic variation Genetic variation is associated with 

life-history traits related to a species’ 
capacity to adapt to environmental 
change; to understand change in 
genetic variation, baseline data are 
needed 

Within-population 
variation 

Among-population 
variation 

Prioritize those species for 
which baseline genetic 
information does not exist; 
initiate programs to assess 
baseline genetic data 

Vegetative 
phenology 

Growing season length depends on 
growing-season temperature and soil 
moisture availability; duration of 
dormancy is affected by winter 
temperature 

Budbreak date 

Bud set date 

Monitoring in seed orchards 
or natural stands; WADNR, 
PNW, and R6 initiated a 
pilot program of seed 
orchard monitoring; other 
assessments also may be 
done by researchers 

Reproductive 
phenology 
 

In many species, synchrony of 
flowering, which influences 
pollination, is affected by 
temperature; insect-pollinated trees 
are dependent on the presence of 
insects which, in turn, is influenced by 
environmental conditions  

Flowering dates 

Fruit maturation 

Monitoring in seed orchards 
or natural stands; 
assessments also may be 
done by researchers 

Regeneration Regeneration allows colonization of 
new habitat and replacement of dead 
trees 

Germination  

Seedling survival 

Vegetative 
reproduction 

Forest Service FIA currently 
monitors tree seedlings >15 
cm (6 in.) tall; species-
specific assessments will 
require additional efforts 

Insect and disease 
damage and 
mortality 

Some tree species in the Pacific 
Northwest have incurred widespread 
injury and mortality  

Mountain pine beetle 

White pine blister 
rust 

Balsam woolly 
adelgid 

Requires region-wide 
surveys; FIA Phase 3, 
Forest Health and Protection 
monitoring, and Western 
Wildland Environmental 
Threat Assessment Center 
are involved in assessments 

Long-term growth 
rate 

Inter-annual climate variation affects 
tree growth and other tree ring 
properties; multi-year growth trends 
can predict mortality 

Tree ring width 

Ratio of earlywood to 
latewood within a 
ring 

Researchers use 
dendrometers to measure 
annual diameter growth; tree 
core samples can be 
extracted to assess past 
growth 

Species’ frequency 
of occurrence 

A reduction in suitable habitat within 
a species’ range would lead to a 
decline in occurrences 

Density (trees per ac) Requires region-wide 
surveys conducted at 
regular intervals; FIA 
inventory is the only current 
example 

Species’ range A shift in a species’ range alters 
forest composition, structure, and 
wildlife habitat 

Researchers predict 
that the range of 
some tree species 
will shift northward or 
upward in elevation 

Requires region-wide 
surveys conducted at 
regular intervals; FIA 
inventory is the only current 
example  
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change; however, the FIA annual inventory is not 
designed to provide information on tree reproduction 
with the precision necessary to monitor all climate 
change effects. Assessment of long-term climate 
effects on abundance of tree reproduction and on 
spatial trends in reproduction would require a 
significantly more intensive sampling scheme 
designed specifically for that objective. 

The potential effect of insects and pathogens under a 
changing climate is recognized as a major threat to 
forests (Bentz et al. 2010, Littell et al. 2010). Research 
and relatively intensive monitoring are conducted by 
the Forest Service and other agencies to understand the 
impact of biological threats in combination with 
environmental stressors such as drought. Currently, 
tree mortality and damage on all Washington and 
Oregon forest lands are monitored annually through 
surveys conducted in a cooperative effort by Forest 
Service Forest Health Protection and the states of 
Washington and Oregon. This effort produces annual 
reports that describe changes in forest condition 
related to insects, pathogens, and other threats to forest 
health. In addition to this work, research on insects, 
pathogens, and their interactions with climate change 
is conducted by the Forest Service Pacific Northwest 
Research Station’s Western Wildland Environmental 
Threat Assessment Center based in Prineville, Oregon.  

Summary of Monitoring Needs and 
Options 

• To understand long-term effects of climate 
change on genetic diversity, baseline genetic 
data are still needed for many tree species. 
Collection of this information should prioritize 
rare species and species with disjunct 
populations.  

• Seed orchards are well-suited for monitoring 
the influence of climate on phenological 
variables. Vegetative phenology of trees is 
known to be influenced by climate, but 
reproductive phenology is complex and the 

long-term effects of climate change are 
unknown. 

• Susceptibility to climate change impacts is 
increased for tree species dependent on biotic 
vectors for pollination or seed dispersal. 
Monitoring may be necessary to evaluate 
reproductive limitations resulting from these 
biotic vectors. 

• The Forest Service FIA annual inventory 
provides the most comprehensive landscape-
scale data on the distribution of tree species; 
however, data cannot be used to make 
inferences at a local level. Specialized surveys 
may be required to assess changes in 
distribution of species that are of particular 
interest. 

• The FIA inventory data on tree reproduction 
are not precise enough to fully assess effects 
of climate change; such an assessment would 
require a more intensive inventory design. 

• Insects and pathogens are believed to be a 
substantial threat to regional forests, given 
predicted changes in climate. Currently, the 
Forest Service and other agencies are 
monitoring these threats and studying their 
potential interactions with climate change. 
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SILVICULTURAL MANAGEMENT 
OPTIONS 
In the past decade since forest managers began 
considering the potential impacts of climate change on 
forest trees, they have asked how these impacts will 
influence silvicultural practices. In this section we 
summarize the present approach to silviculture on 
national forests of the Pacific Northwest, 
considerations for planting in a changing environment, 
information available to inform these choices, and 
opportunities for increasing forest diversity and 
resiliency under a changing climate. 

Present Approach to Silviculture on 
Pacific Northwest National Forests 

Management Goals and Direction 

Vegetation management on each national forest is 
guided by a comprehensive forest plan, which, in turn, 
is guided by federal and regional policy, such as the 
Northwest Forest Plan (NWFP) (Moeur et al. 2005) 
and Eastside Screens (USDA Forest Service 1994).  

Forest plans include goals that describe desired future 
conditions as well as specific objectives that address a 
wide variety of activities and resources including 
recreation, wildlife, wilderness, scenery, timber, water, 
and cultural resources.  

Most National Forest System land from the Cascade 
Range to the Pacific Coast is managed according to 
land allocations made under the NWFP; these 
allocations have specific objectives and silvicultural 
guidelines designed to meet the objectives. Examples 
of NWFP allocations are Late Successional Reserves, 
where thinning and other approaches are used to 
promote development of late-successional stand types 
as habitat for old-growth-dependent wildlife species; 
and Matrix allocations, where many types of harvest 
and silvicultural techniques may be used, including 
regeneration harvest and planting. East of the Cascade 
Range, beyond the range of the northern spotted owl 

(Strix occidentalis caurina) and the NWFP, national 
forest plans designate management areas: areas within 
a national forest where general management intent is 
similar (e.g., Wilderness, Timber Production, 
Developed Recreation, Old-Growth Ecosystems). 
Each management area has specific goals, desired 
future conditions, and standards and guidelines that 
determine what silvicultural activities are used in that 
management area.  

Although intensive harvesting through the 1980s 
increased fragmentation of old-growth habitat on 
National Forest System lands, more recent 
management objectives have emphasized development 
of forest structure similar to old-growth or 
presettlement conditions and an increase in habitat 
connectivity. Furthermore, millions of acres on 
National Forest System lands are protected in 
designated wilderness areas. Unlike other forest 
ownerships, habitat loss owing to urbanization, 
agriculture, or the use of non-native plant species is 
minimal on national forests; here, the primary threats 
leading to habitat loss are insects and diseases, 
wildfire, and invasive species. 

Current Thinning and Planting 

The two primary ways through which vegetation 
managers can increase tree species diversity and alter 
species distribution are thinning and planting.  

Commercial and precommercial thinning can be used 
to influence species composition of the forest canopy, 
modify stand structure and age composition, and 
reduce competition and stress through density control. 
In many of the drier ecosystems of the Pacific 
Northwest, where fire occurred regularly in 
presettlement times, thinning is used to manage fuels 
and reduce susceptibility of forests to major wildfires. 
In moist forests west of the Cascade crest, where the 
threat of wildfire is much lower, thinning may be 
applied to accelerate development of old-growth forest 
structure. In areas where management objectives 
include timber production, commercial and 
precommercial thinning increase growth rates and 
vigor of remaining trees; greater vigor often increases 
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the trees’ resistance to insect and disease threats. 
Thinning of forest stands will likely become an 
increasingly important management tool, given long-
term climate projections. For example, thinning, either 
mechanically or through prescribed fire, was one of 
the primary tools identified by managers to promote 
forest stand vigor and resiliency to climate change in 
eastern Washington (Gaines et al. 2010). 

Planting of trees provides an opportunity to change 
forest composition, and most recommended methods 
for building resiliency in forest stands involve planting 
(Millar et al. 2007). Planting can increase the presence 
of tree species that are underrepresented owing to 
many reasons including past management practices; or 
it can be used to increase the presence of native 
species with desirable attributes, such as drought 
tolerance. Planting is most often limited to areas of 
timber harvest and areas of rehabilitation after fire and 
after insect and disease mortality, although planting is 
not often used at high elevations or in wilderness 
areas. During 2008 through 2010, the total area 
planted on the national forests of the Pacific Northwest 
Region averaged approximately 20,000 acres per year 
(table 24). Planting ranged from fewer than 100 acres 
per year on the Olympic and Mt. Baker-Snoqualmie 
National Forests to more than 4,000 acres per year on 
the Deschutes and Umatilla National Forests. Species 
planted are selected based on a number of site factors 
including elevation, aspect, slope, presence of insects 
and diseases, site preparation capabilities, and tree 
species and plant associations in the surrounding 
stands.  

Species planted in relatively high numbers in the 
region from 2008 through 2010 were Douglas-fir, 
ponderosa pine, western larch, western white pine, 
sugar pine, noble fir, and Engelmann spruce. Species 
planted on a limited basis, sometimes only on a single 
national forest, were lodgepole pine, western redcedar, 
western hemlock, incense-cedar, whitebark pine, 
Pacific madrone, Port-Orford-cedar, white alder, black 
cottonwood, and bitter cherry. Some of the species 
currently planted on a limited basis represent 
important components of restoration projects. For 

example, whitebark pine is threatened by white pine 
blister rust and mountain pine beetle. However, 
planting of this species in its native habitat brings up 
complex management issues because most of the 
habitat occurs within wilderness areas. Planting in 
these areas must simultaneously preserve the areas’ 
untrammeled wilderness character. 

The acreage thinned annually (commercial and 
precommercial) during 2008 through 2010 was 
approximately 0.5 percent of the overall National 
Forest System land base in the Pacific Northwest 
Region; the acreage planted annually was significantly 
less (<0.1 percent). These management activities 
influence targeted areas, but given the present size and 
scope of the thinning and planting programs, their 
capacity to influence forest structure and composition 
at a landscape scale is limited. Also, management 
practices have led to changes in natural disturbance 
regimes and resulted in a lack of early seral 
components on the landscape (Franklin et al. 2007). 
This lack of diversity is an important consideration 
when evaluating options for responding to projected 
climate change. 

Development of Seed Zones and 
Seed Movement Guidelines 

For decades, the Forest Service’s reforestation 
programs have been based on an understanding of the 
importance of seed movement guidelines. Before the 
discovery of the importance of locally adapted genetic 
material, stands were often planted using off-site seed 
sources; today these stands provide graphic 
illustrations of the ramifications of using seed that is 
not locally adapted. The off-site seed produced stands 
that are prone to one or more of the following: poor 
growth, high mortality, or increased susceptibility to 
damage from insects, diseases, and infrequent but 
severe weather events. These impacts often occurred 
after the stands had reached maturity. 
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The first tree seed zones for Washington and Oregon 
were published in 1966 and revised in 1973 (WFSC 
1973). The boundaries of these seed zones were based 
on climate, vegetation, and topography. These initial 
seed zones increased use of locally adapted seed 
sources and improved the likelihood of successful 
reforestation. Later, these seed zones were refined by 
applying the results of species-specific common 
garden experiments that facilitated the mapping of 
patterns of genetic variation. These patterns varied 

among species and also depended on the heterogeneity 
of the environment under study and whether a species 
was a generalist or a specialist. Two general guidelines 
were developed from these genetic studies: (1) local 
populations are well-adapted to local environments; 
and (2) for successful regeneration, it is critical for a 
seed lot to include a minimum number (determined by 
a variety of factors) of unrelated trees as seed sources. 

Table 24. Average annual thinning and planting (acres) for 2008 through 2010 for national forests in the Pacific 
Northwest1  

Subregion 
National 
Forest 

Planting 
(acres) 

Thinning (acres) 

Total Commercial Precommercial2 
Western 

Washington 
Gifford 

Pinchot 
220 3,240 292 2,948 

 Mt. Baker -
Snoqualmie 

50 404 287 117 

 Olympic 20 1,460 674 786 

Northwestern 
Oregon 

Mt. Hood 280 3,989 2,272 1,716 

 Siuslaw 375 2,839 1,476 1,363 

 Willamette 920 6,827 3,570 3,257 

Eastern 
Washington 

Colville 446 5,414 3,189 2,225 

 Okanogan-
Wenatchee 

1,993 10,063 2,833 7,230 

Eastern Oregon Malheur 3,366 13,553 4,473 9,080 

 Umatilla 4,166 4,661 2,339 2,322 

 Wallowa-
Whitman 

336 10,962 3,335 7,627 

Central Oregon Deschutes 4,382 27,961 9,310 18,651 

 Ochoco 292 6,533 2,139 4,395 

 Fremont - 
Winema 

1,234 18,154 6,622 11,532 

Southwestern 
Oregon 

Rogue River - 
Siskiyou 

267 2,713 2,547 167 

 Umpqua 885 4,189 2,453 1,736 
1 Except for planting data for western Washington and northwestern Oregon, which were provided by national forest personnel, all data 
were extracted from FACTS; commercial thinning was activity code 4220 only; precommercial thinning was activity code 4521 only; 
planting codes used were 4431, 4432, 4433, 4434, 4441, 4442, 4443, and 4444. 
2 Some forests conducted precommercial thinning as fuels treatments which are not included in these values. 
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Planting in a Changing Climate 
Projected changes in temperature and precipitation 
have raised questions concerning the use of locally 
adapted materials. How do we decide if it is time to 
change our seed lot composition? What information do 
we have to inform this decision? Some people have 
suggested adding seed from a source that is lower in 
elevation or latitude than a given planting site. 
However, without a formal experimental design it 
would be difficult to determine the reason for the 
success or failure of planting with a novel seed mix. 
Recently, Forest Service geneticists from across the 
country addressed these and other questions in a 
national workshop (Erickson et al. 2012). They 
recommended a “no regrets” approach in which 
preferred actions are beneficial given a range of future 
climate scenarios and desired future conditions 
(Howard et al. 2010, Wilby and Vaughan 2011). They 
suggested that species-specific adaptation strategies on 
a relatively short time-frame (e.g., a 10- to 20-year 
planning horizon) would be most effective. 

Even when planting programs are relatively small, 
discussions of climate change inevitably lead to debate 
over assisted migration: the intentional movement of 
species or populations outside their natural range or 
beyond their recognized area of adaptation (Joly and 
Fuller 2009, Richardson et al. 2009). Although few 
people are suggesting that tree species should be 
planted outside their present distribution at this time, 
there is much discussion of the pros and cons of 
relaxing seed movement guidelines and adding some 
seed from sources outside the established seed zone 
when making a seed lot for sowing (Baron et al. 2008). 

Well-supported changes in seed movement require 
confidence in predictions of future conditions and the 
range of adaptability of existing populations. Seed 
movement in anticipation of climate changes should 
be supported by experimental evidence and based on 
replicated planting trials. Although research is 
underway that will help evaluate alternative futures in 
plant distribution, this type of information is not yet 
available (O’Neill et al. 2008, St. Clair et al. 2010). 
The operational plantings on National Forest System 

lands are not traditional tree plantations and do not 
provide the homogenous environmental conditions and 
experimental design needed for a comparison of seed 
sources. Therefore, it is not possible to “try 
something” operationally and evaluate the results. 

Considerations for Informing 
Choices 

Application of the MC1 Model to Project 
Vegetation Change 
To evaluate how a widely used vegetation model could 
project future vegetation change and thus potentially 
inform decisions on seed movement in the Pacific 
Northwest, we examined an application of the MC1 
dynamic global vegetation model on the Olympic 
Peninsula during our analysis of the western 
Washington study area (Aubry et al. 2011, Halofsky et 
al. 2011). The MC1 model projected future scenarios 
for broad vegetation types based on three general 
circulation models (GCMs) and two greenhouse gas 
emission scenarios (B1 and A2) (Bachelet et al. 2001). 
This approach is free from the limitations of climate 
envelope species distribution models (CEMs), which 
project potential range shifts in individual species 
based on statistical models with basic climate 
information as input (Robinson et al. 2008). As with 
the MC1, uncertainty arises from the climate input 
data that are used in CEMs (Bachelet 2010). A 
detailed discussion of challenges presented by CEMs 
can be found in Aubry et al. (2011). 

Examples of output of the MC1 projections for the 
Olympic Peninsula are presented in figures 3 and 4. In 
these projections, only two climate habitat types, 
Subalpine Forest and Maritime Evergreen Needleleaf 
Forest, were mapped for the period 1971–2000 and for 
2010–2020 (fig. 3). For 2010–2020, the Subalpine 
Forest climate habitat was predicted to decrease under 
all GCM and emission level combinations, whereas no 
changes were projected for Maritime Evergreen 
Needleleaf Forest climate habitat. For 2040–2060, the 
MC1 vegetation projections varied widely among 
GCMs and emission levels (fig. 4). For example, for 
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Figure 3. Projected modal vegetation types on the Olympic Peninsula for the 2010–2020 time 
period compared to modeled historical vegetation types. Projections are from the MC1 model for 
three general circulation models (GCMs) (rows) and two IPCC SRES carbon dioxide emissions 
scenarios (columns). The Commonwealth Scientific and Industrial Research Organisation’s (CSIRO) 
GCM projects a relatively cool and wet Pacific Northwest, while the Model for Interdisciplinary 
Research on Climate (MIROC) projects a hot and wet Pacific Northwest, and the Hadley model 
projects a hot and dry Pacific Northwest. The B1 emissions scenario is characterized by relatively low 
future emissions, and the A2 scenario is characterized by relatively high future emissions (Halofsky et 
al. 2011). Data source: R. Neilson and the MAPSS Team, USDA Forest Service and Oregon State 
University, Corvallis, Oregon) (Map by J. Muehleck). 
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Figure 4. Projected modal vegetation types on the Olympic Peninsula for the 2040–2060 time 
period compared to modeled historical vegetation types. Projections are from the MC1 model for 
three general circulation models (GCMs) (rows) and two IPCC SRES carbon dioxide emissions 
scenarios (columns). The Commonwealth Scientific and Industrial Research Organisation’s (CSIRO) 
GCM projects a relatively cool and wet Pacific Northwest, while the Model for Interdisciplinary 
Research on Climate (MIROC) projects a hot and wet Pacific Northwest, and the Hadley model 
projects a hot and dry Pacific Northwest. The B1 emissions scenario is characterized by relatively low 
future emissions, while the A2 scenario is characterized by relatively high future emissions (Halofsky et 
al. 2011). Data from R. Neilson and the MAPSS Team, USDA Forest Service and Oregon State 
University, Corvallis, Oregon) (Map by J. Muehleck). 
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five of the six scenarios, there was a considerable 
reduction in predicted Subalpine Forest climate habitat 
on the Olympic Peninsula. Under the Commonwealth 
Scientific and Industrial Research Organization’s 
(CSIRO) GCM and emission scenario A2, the 
northwestern corner of the peninsula shifted to 
Temperate Warm Mixed Forest, a vegetation type that 
was not present in the 2010–2020 projections. The 
Hadley GCM (both emission scenarios) produced an 
increase in Temperate Evergreen Needleleaf Forest at 
low elevations along the eastern and northeastern parts 
of the peninsula. For a more comprehensive discussion 
of the MC1 projections for the Olympic Peninsula, see 
Halofsky et al. (2011). 

Because application of the MC1 vegetation model 
resulted in a range of projected future forest conditions 
on the Olympic Peninsula depending on emission level 
and GCM assumptions, 
we would first need to 
have enough information 
to select among the 
emission level/GCM 
scenarios before we 
could confidently make 
seed movement 
decisions based on 
projections of climate 
habitat. Furthermore, the 
Olympic Peninsula, used 
in this example, will 
probably experience the 
smallest increase in 
temperature in the region 
(fig. 5). Forests east of 
the Cascade Range crest 
are projected to see 
relatively higher summer 
temperatures by mid-
century (2030–2059). 
For this reason, it is 
critical that managers 
evaluate model 
projections for their local 
vegetation types and 

climate. Additionally, the model projections reflect 
changes in climate habitat, and thus only indirectly 
indicate potential changes in the distribution of 
vegetation types. Decisions on seed movement for 
individual tree species would require modeling of 
climate habitat at a finer scale than was available in 
the MC1 analysis, which used a very general 
vegetation classification system. For example, the area 
mapped as Maritime Evergreen Needleleaf Forest is 
managed under six major forest types or potential 
natural variation zones (Henderson 2009). For these 
reasons, there remains significant uncertainty in 
projections of future climate habitat at a scale 
appropriate for local management decisions. This 
leads to the conclusion that our best course is to 
manage for a range of possible future scenarios by 
focusing on resiliency and biodiversity. 

 

 

Figure 5. Average projected increase in summer temperature for conifer seed 
zones in the Pacific Northwest. From: Erickson et al. (2012) 
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Seed Movement 

In our analysis of the western Washington study area 
(Aubry et al. 2011), the silviculturists and geneticists 
of the three national forests agreed that seed 
movement outside present seed zones will be 
considered only when a shift in climate is shown to be 
having a negative impact on vegetation and when it 
becomes apparent that active intervention is needed to 
maintain healthy stands and provide wildlife and 
aquatic habitats. Negative vegetation impacts could 
result from reduced survival, vigor, or growth rates or 
from changes in life history traits such as phenology or 
pollen and seed production. The movement of seed of 
native tree species from more southern sources or from 
lower elevations risks implementing an approach that 
is not self-tending. (A self-tending action is one that 
will not need to be changed later if our projections are 
incorrect.) Novel seed movements could produce trees 
that are not well-adapted, and at maturity these trees 
could produce seed and pollen that could reduce the 
adaptability of trees in surrounding stands, a scenario 
that would be impossible to reverse. It could also upset 
ecological processes and plant-animal interactions in 
unforeseen ways. 

Another consideration regarding seed movement is 
that trees are most susceptible to unfavorable 
environmental conditions during the seedling and 
sapling stages; at maturity, trees can withstand much 
greater ranges in temperature and precipitation. 
Therefore, seed source selection for present conditions 
will increase the likelihood of early survival. To make 
informed decisions on potential seed movement, it is 
imperative that we develop a system to assess climate-
related changes in forest tree growth and survival. 
These triggers can then be used to implement new 
planting and thinning practices that meet changing 
climate patterns. 

Opportunities for Increasing Forest 
Diversity and Resiliency by Using 
Locally Adapted Plant Materials 

One way to anticipate opportunities to change 
vegetation is to prepare for major disturbances. 
Disturbances may increase as weather patterns change 
in the future and result in increases in wildfire, 
windstorms, insect and disease mortality, and 
landslides, depending on location (Halofsky et al. 
2011). Given the potential need for seedlings to 
reforest following major disturbances, it is important 
to evaluate the tree seed inventory on each forest and 
replenish low seed stores for areas that are more likely 
to experience these types of large-scale disturbances. It 
is also important to evaluate the area over which seed 
is collected and combined into seedlots. In order to 
facilitate the creation of custom seedlots to match 
possible changes in seed movement guidelines in the 
future, it would be prudent to collect seed across 
smaller areas than the current seed zones. This would 
make it possible to add a percentage of seed from 
outside the seed zone if and when that becomes 
advisable but will require major changes in how our 
seed inventory is maintained and managed—including 
the collection of  more explicit spatial information for 
bulked lots and the development of a seed inventory 
geodatabase that can be accessed and managed at 
higher levels (for sharing of seed and information 
across administrative boundaries). Such a database 
would combine spatial data with seedlot identification 
information and facilitate mapping and planning. 

Another way to increase resiliency of forest stands is 
to create new opportunities to plant species that are 
presently under-represented owing to insects, diseases, 
or past harvest practices. For example, western white 
pine historically was widespread throughout many 
forests of the Pacific Northwest. Since the introduction 
of the exotic disease Cronartium ribicola, which 
causes white pine blister rust, the presence of western 
white pine has been dramatically reduced. High 
quality seed of rust-resistant western white pine is 
produced at seed orchards on some, but not all, 



Climate Change and Forest Trees in the Pacific Northwest  77 

national forests. It may be possible to create artificial 
gaps or openings in young-growth stands to provide 
opportunities to plant rust-resistant western white pine 
seedlings. Planting may also be implemented in older 
young-growth stands in natural openings created by 
disturbances and in root rot pockets where competing 
vegetation is not a prohibitive problem. A genetic 
common garden study of western white pine indicated 
that a single seed zone is sufficient to assure that 
seedlings are adapted to their environment for areas as 
large as a national forest (Campbell and Sugano 1989). 
There is a high level of genetic variation in this 
species, but that variation is unrelated to geographic 
location or elevation. Therefore, the use of rust-
resistant seed orchard seed produced from tested 
families selected across a national forest does not 
conflict with seed movement guidelines. This is 
particularly important given uncertainty about future 
changes in climate. 

The results of the vulnerability assessment presented 
in this report indicate that conifer species that 
predominate at high elevations are most vulnerable to 
a changing climate. The MC1 model results also show, 
under all emission and GCM combinations, a 
predicted reduction in subalpine forest habitat for 
years 2040–2060 (fig. 4), and there is consensus that 
high-elevation plant communities across the western 
United States will be at risk as the climate warms 
(Spies et al. 2010). For some forests, tree species 
harvested at high elevations, noble fir and Pacific 
silver fir for example, were commonly planted, and 
thus seed processing and seedling production 
techniques were perfected. For efficient production of 
high quality seed, orchards were often established. 
However, there is no seed inventory for other at-risk, 
high-elevation species such as subalpine fir, mountain 
hemlock, and Alaska yellow-cedar. There may be a 
need to increase restoration activities in high-elevation 
stands in the future. This will require a review of the 
state of knowledge of seed collection and storage as 
well as growing and planting requirements. It may also 
be prudent to collect seed of these species for long-
term storage at the National Center for Genetic 
Resources Preservation in Fort Collins, CO. 

Summary of Silvicultural 
Management Options 

• The primary silvicultural activities on Pacific 
Northwest national forests are thinning and 
planting. Thinning is performed to achieve 
various objectives including improvement of 
wildlife habitat, diversification of forest stand 
structure, reduction of fuels, and increasing 
stand biodiversity and resiliency. 

• Planting opportunities are limited on many 
forests, and planting prescriptions are based 
on a number of factors, the potential for 
climate change being only one of them. 

• Uncertainty in future greenhouse gas 
emissions scenarios and in the climatic 
response to these emissions levels introduces 
uncertainty into prediction of vegetation 
changes, even at very broad scales. 

• Given the present state of knowledge, the 
continued use of locally adapted conifer seed 
sources may be most effective until changes in 
climate, tree growth, and tree survival indicate 
that a change in seed movement guidelines is 
warranted.  

• It is critical to investigate opportunities to 
increase stand resiliency to climate change; an 
example is the creation of gaps to plant 
underrepresented or absent species such as 
western white pine.  
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GENE CONSERVATION 

Introduction 
Genetic diversity within and among populations is 
important for a number of reasons, and its 
conservation has become a priority for many species. 
Genetic diversity provides the raw material for 
adapting to changing environments; therefore, 
conservation of genetic diversity protects a 
population’s evolutionary potential, which may be 
especially important under climate change or 
increasing pressures from insects and diseases. Gene 
conservation refers to the tools used to protect and 
maintain genetic diversity. Gene conservation can be 
ex situ, meaning that resources are maintained “off 
site” or outside of a species’ native range (e.g., seed 
banks, seed orchards, off-site plantings); or in situ, 
meaning that resources are maintained “on site” or 
within the native range or source of the population 
(e.g., parks, preserves, and unmanaged lands). Gene 
conservation in the face of a changing climate 
becomes more complicated.  Before climate change 
became an important management consideration, in 
situ reserves were considered places to conserve and 

maintain existing genetic variation. However, under 
rapid climate change, existing genetic variation could 
be highly vulnerable to loss if drought increases or if 
warm winters do not fulfill chilling requirements for 
vegetative and reproductive budburst (Harrington et al. 
2010). Additionally, whole populations may be at 
increased threat of loss from wildfire, insects, or 
disease. Ex situ collections will be an important 
backup for these populations (St. Clair and Howe 
2011). 

Ex situ Gene Conservation 
Resources 
Tree seed orchards and seed stored at low temperature 
provide excellent resources for ex situ gene 
conservation. However, these resources are 
predominantly limited to widespread and/or 
commercially valuable species. Across the region, 
there are more than 1,850 acres of seed orchards for 15 
different species (table 25); more than 40,000 pounds 
of bulk reforestation seed for 37 different species in 
storage at the J. Herbert Stone Nursery and Bend Seed 
Extractory (table 26); and more than 80,000 single tree  

Table 25. Acres of seed orchards by species for each subregion 

 
Subregion  

Species 
Western 

Washington 
Northwestern 

Oregon 
Eastern 

Washington 
Eastern 
Oregon 

Central 
Oregon 

Southwestern 
Oregon Total 

Black cottonwood     5  5 
Douglas-fir 153 171 157 120  254 854 
Engelmann spruce   16    16 
Grand fir  1     1 
Lodgepole pine   14  34  48 
Noble fir 66 43     109 
Pacific silver fir 31 1     32 
Ponderosa pine  10 120 201 208  540 
Sitka spruce 2      2 
Sugar pine  2   5 52 59 
Western hemlock 5      5 
Western larch  3 47 45   95 
Western redcedar  6     6 
Western white pine  40 31 9   9 89 
Willow (Salix spp.)     3  3 
Total 297 268 363 367 255 315 1,864 
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Table 26. Pounds of bulk reforestation seed in storage by species for each subregion1 

 
Subregion  

Species 
Western 

Washington 
Northwestern 

Oregon 
Eastern 

Washington 
Eastern 
Oregon 

Central 
Oregon 

Southwestern 
Oregon Total 

Alaska yellow-cedar 1 2 <1 <1  1 3 
Bigleaf maple   1   4 5 
Bitter cherry  4  1 6 31 43 
Black hawthorn   2 1 <1 <1 3 
Brewer's spruce      29 29 
Cascara 1   <1  1 1 
Coast redwood      1 1 
Douglas maple    2  0 2 
Douglas-fir 381 2,241 1,063 2,228 167 1,668 7,747 
Engelmann spruce 33 66 139 284 21 13 556 
Grand fir 20 690  90  4 805 
Incense-cedar  61   74 98 233 
Jeffrey pine      107 107 
Knobcone pine  <1    5 5 
Lodgepole pine 14 18 29 109 577 16 762 
Mountain hemlock 16 19 6 5 4 9 59 
Noble fir 260 1,798 28    2,086 
Oregon ash      3 3 
Oregon white oak      1 1 
Pacific dogwood  3 3   17 23 
Pacific madrone      2 2 
Pacific silver fir 226 98    33 356 
Pacific yew  <1    4 4 
Ponderosa pine 46 277 2,807 10,313 8,209 595 22,247 
Port-Orford-cedar      17 17 
Red alder 5 8    18 30 
Rocky Mountain maple   <1 1 <1  1 
Shasta red fir     74 202 276 
Sitka spruce 1 9     9 
Subalpine fir 15 1 10 6   31 
Sugar pine  296   450 1,371 2,117 
Western hemlock 45 48 <1   18 111 
Western larch 1 1 284 480 67  832 
Western redcedar 14 31 27   8 80 
Western white pine 380 667 54 181 58 358 1,697 
White fir    47 15 58 119 
Whitebark pine  27 38 60 1  126 
Total 1,457 6,363 4,490 13,808 9,722 4,690 40,530 
1 Values do not include single-tree seedlots stored at Dorena Genetic Resources Center. 
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seedlots for 22 different species at the Dorena Genetic 
Resources Center (table 27). Ex situ gene conservation 
resources in seed orchards and stored seed are listed 
by forest in appendices 1 through 6.  

In situ Genetic Resources 

There are extensive areas of protected habitat in 
Washington and Oregon that serve as reserves of in 
situ genetic resources for the national forests. On 

National Forest System lands, almost 5 million acres 
(2 million ha) are set aside in congressionally 
designated wilderness areas, and more than 2 million 
acres (800,000 ha) are located within national parks in 
these two states (table 28). Other protected areas 
include research natural areas and Late Successional 
Reserves administered by the U.S. Forest Service, as 
well as in situ resources on regional non-National 
Forest System lands. 

  

Table 27. Number of single-tree select seedlots in storage at the Dorena Genetic Resources Center by species for 
each subregion 

 
Subregion  

Species 
Western 

Washington 
Northwestern 

Oregon 
Eastern 

Washington 
Eastern 
Oregon 

Central 
Oregon 

Southwestern 
Oregon Total 

Alaska yellow-cedar  14  1   15 
Brewer's spruce      33 33 
Douglas-fir 2,061 6,289 5,970 6,739 875 10,476 32,410 
Engelmann spruce 63 69 290 113 204 1 740 
Grand fir 53 133  71  11 268 
Incense-cedar  52   8 19 79 
Knobcone pine  5     5 
Lodgepole pine  3 501 1,256 3,105  4,865 
Mountain hemlock 52 12   1  65 
Noble fir 741 1,394 101    2,236 
Pacific silver fir 394 93 88    575 
Ponderosa pine 184 439 3,706 5,366 10,443 223 20,361 
Port-Orford-cedar      116 116 
Shasta red fir     84 131 215 
Subalpine fir 37      37 
Sugar pine 391 10   661 2,917 3,979 
Western hemlock 69 83     152 
Western larch 96 330 3,145 1,169 209  4,949 
Western redcedar 272 133     405 
Western white pine 1,123 1,813 2,360 180 861 967 7,304 
White fir    1 384 308 693 
Whitebark pine 34 81 220 202 154 39 730 
Total 5,570 10,953 16,381 15,098 16,989 15,241 80,232 
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Table 28. National forest wilderness and national parks: in situ gene 
conservation areas 

National forest or national park 

Area 

Acres Hectares 
National forest   

Colville National Forest 31,438 12,722 

Deschutes National Forest 182,804 73,978 

Fremont-Winema National Forest 115,625 46,792 

Gifford Pinchot National Forest 179,695 72,720 

Malheur National Forest 82,548 33,406 

Mt. Baker-Snoqualmie National Forest 818,676 331,308 

Mt. Hood National Forest 311,476 126,050 

Ochoco National Forest 35,598 14,406 

Okanogan-Wenatchee National Forest 1,473,670 596,375 

Olympic National Forest 87,293 35,326 

Rogue River-Siskiyou National Forest 317,976 128,681 

Siuslaw National Forest 22,238 8,999 

Umatilla National Forest 303,597 122,862 

Umpqua National Forest 71,745 29,034 

Wallowa-Whitman National Forest 508,016 205,588 

Willamette National Forest 388,224 157,109 

National forest total 4,930,618 1,995,358 

   

National park   

Crater Lake National Park 183,716 74,348 

Mt. Rainier National Park 234,300 94,818 

North Cascades National Park 683,990 276,802 

Olympic National Park 922,651 373,385 

National park total 2,024,657 819,353 
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RECOMMENDATIONS                                    
AND ACTION ITEMS 
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The action items developed during the course of this 
project fall into three categories: 

1. Learn about and track changes in plant 
communities as the climate changes. Collect 
baseline data where needed. Monitor the 
impacts of a warming climate on the 
distribution and health of forest tree species. 
Look for triggers, such as an increase in the 
frequency of large-scale disturbance, that will 
indicate a need for a change in management 
approach. 

2. Maintain and increase biodiversity and 
increase resiliency. Focus on increasing stand 
diversity of native forest trees through 
thinning and planting. Increase disease 
resistance. Preserve genetic diversity, 
especially of isolated populations, and 
implement ex situ gene conservation where 
appropriate. 

3. Prepare for the future. Given uncertainty 
about how climate changes will unfold, a 
number of future scenarios are possible. Select 
activities that will work under a variety of 
scenarios including a potential increase in 
disturbances such as fires, wind storms, and 
floods, which could be followed by greater 
spread of invasive plant species. 

SUBREGIONAL ACTION ITEMS 
Based on the findings of our analysis, we created 
action items for each of the six subregions; these 
appear in the subregional sections (appendices 1 
through 6). These action items vary in that: 

• Their scope may be regional, subregional, or 
at the level of an individual forest. 

• Some actions are focused on individual tree 
species; these may apply to a species at the 
regional level or they may apply to a single 
population. 

• Some actions are new, whereas others 
continue or expand an existing program, such 
as thinning or planting. 

• Some actions are relatively easy to 
accomplish, whereas others are more 
challenging and will involve a commitment of 
funds and labor. 

• Some actions can be accomplished within the 
Forest Service; others may involve 
partnerships with other land management 
agencies. 

These action items are focused on present conditions 
with the assumption that existing policy and law will 
continue to guide land managers over the next few 
years. 

REGIONAL ACTION ITEMS 

At the regional level, we selected top-priority action 
items (tables 29 through 31) with an emphasis on the 
following criteria: 

• Actions reflect the results of the 
vulnerability assessment; 

• Actions can be accomplished in 5 years; 

• Where possible, items combine activities 
under common goals or themes; and 

• Whenever possible, actions provide 
opportunities for partnerships with other 
land managers. 
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Table 29. Action items for the national forests of the Pacific Northwest region, based on the results of a climate 
change vulnerability assessment (continues) 

Item no. Action 

1 Assess stand health and regeneration of subalpine fir, mountain hemlock, and Alaska yellow-cedar in 
western Washington and northwestern Oregon. 

These three high-elevation tree species were found to be most at risk based on our vulnerability assessment. This 
action will establish baseline information that can be used to track changes over time and form the basis for a 
conservation and monitoring plan. 

2 Establish permanent plots in high-elevation stands in eastern Washington, eastern Oregon, and 
southwestern Oregon to monitor changes in tree growth, survival, and distribution.  

The most vulnerable tree species in these three subregions occur in specific areas that are described in table 30. 
It would be most efficient to establish permanent plots where most of these species co-occur. 

3 Develop conservation and monitoring plans for species limited to small or disjunct populations (table 31).  

Each species’ plan should include surveys to verify location data, seed sampling for gene conservation, and 
needle collection for genetic studies. Where distributions span multiple ownerships, plans should include 
partnerships with other land managers. Genetic analysis, when appropriate, can be done in partnership with the 
National Forest Genetics Laboratory. Assessments of genetic variation and population structure will determine if 
these small or disjunct populations are genetically distinct from populations within the contiguous part of the 
species’ distribution. This information is important because disjunct populations could become refugia under 
predicted climate change scenarios or, conversely, they might be more severely impacted because lack of gene 
flow would limit opportunities for immigration of more highly adapted genes from other populations. 

4 Continue and expand the survey and mapping program for whitebark pine, with participation by all land 
management agencies with whitebark pine habitat. 

This should include a refinement of the existing regional GIS layer of whitebark pine occurrences. Readily 
accessible data on whitebark pine’s present distribution are essential for monitoring and managing the species 
under climate change and pathogen threats. 

5 Maintain an inventory of high-quality seed for tree species for which seed is likely to be needed during 
the next 20 years. Place a priority on species that can be planted after disturbance. 

 Accomplish this through the following steps: 

• Assess the viability of seed stored at the Forest Service storage facility at JH Stone Nursery and Bend 
Seed Extractory; 

• Retest viability as needed; 
• Discard non-viable seed; 
• Update Seed Procurement Plans to include new and replacement collections. 
• Maintain area seed orchards, which serve as gene conservation areas and are the national forests’ most 

efficient source of high-quality tree seed. 

6 Continue the national forests’ thinning and planting programs. 

• Thinning promotes: (1) greater biodiversity by increasing the proportion of less abundant conifer and 
hardwood tree species; (2) development of understory vegetation; (3) enhancement of the habitat value 
provided by forest stands; and (4) increased stand resistance and resiliency to disturbance and 
environmental stressors. Forest density management through thinning in combination with prescribed 
fire may be key in producing resilient stands in many dry forest types. 

• Continue to include, and increase when feasible, a variety of local, native tree species in planting 
prescriptions, with an emphasis on under-represented species. 

7 Partner with other land managers to create virtual cooperative tree seed banks. 

This would increase the likelihood that appropriate seed will be available for reforestation after large-scale 
disturbances such as fire or insect outbreaks. Landowners can maintain their own seed inventories, but enter in 
cooperative agreements to share seed in the event of a major disturbance.  

 



86  Climate Change and Forest Trees in the Pacific Northwest 

  

Table 29, continued 

Item no. Action 

8 Expand gene conservation collections.  

Seed from rare species and disjunct populations should be collected for long-term ex situ gene conservation. 
These efforts are already under way for whitebark pine, but to-date no collections have been made for other 
species. Seed should be collected and sent to the USDA ARS National Center for Germplasm Preservation in 
Ft. Collins, CO. 

9 Monitor vegetative and reproductive phenology in seed orchards. 

Timing of phenology is closely linked to climate, and collecting data on annual phenology and microclimate will 
allow us to determine whether there are trends in how trees are responding to annual climate variation. A pilot 
program was established in 2011 in the Dennie Ahl Seed Orchard (Olympic National Forest) to develop 
protocols to monitor phenology of conifers in seed orchards in the Pacific Northwest. This pilot program was 
initiated in partnership with Dr. Constance Harrington of Pacific Northwest Research Station and the 
Washington State Department of Natural Resources. 

10 Catalog information on all known off-site forest plantations on the national forests, and create a GIS 
layer of these plantations. 

In the past, seed sources used for reforestation were sometimes not well-matched to the seed zones in which 
the seedlings were planted. Some of these off-site plantations may now provide valuable information on 
response of trees to climatic stressors comparable to those predicted to occur under future climate change 
scenarios. 

 

 

 

 

 

Table 30. Recommended locations for establishment of permanent plots to monitor changes in tree growth, 
survival, distribution, and reproduction that may occur under a changing climate (see table 29) 

Subregion Area Species 

Eastern 
Washington 

Eastern slope of the Cascades, 
Wenatchee National Forest  

North Cascades National Park 
Complex 

Most of the at-risk tree species are either limited to the 
eastern slopes of the Cascade Range (Pacific silver fir, 
subalpine larch, noble fir, Alaska yellow-cedar) or are part of 
the plant communities there (whitebark pine, subalpine fir, 
mountain hemlock, and Engelmann spruce). 

Eastern Oregon Eagle Cap Wilderness, Wallowa-
Whitman National Forest 

The highest vulnerability tree species of eastern Oregon 
(whitebark pine, subalpine fir, Engelmann spruce, and 
western white pine) all had mean plot elevations greater 
than 5,400 ft. Three of the four rare species—limber pine, 
Rocky Mountain juniper, and mountain hemlock—are limited 
to the area in and around the Eagle Cap Wilderness. 

Southwestern 
Oregon 

Diamond Lake Ranger District, 
Umpqua National Forest (north and 
northwest of Crater Lake National 
Park) 

Crater Lake National Park 

Six of the eight species of highest vulnerability are found in 
this area (Engelmann spruce, subalpine fir, whitebark pine, 
Pacific silver fir, mountain hemlock, and the noble fir - 
Shasta red fir complex). All these species also occur in 
Crater Lake National Park, and thus there is the opportunity 
to share resources and results. 
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Table 31. Species with small or disjunct populations for which conservation and monitoring plans are 
recommended (see table 29) 

Subregion Species Notes 

Western Washington Golden chinquapin Limited to two disjunct populations at the northernmost end of 
species’ range; these populations occur in the Olympic and 
Gifford Pinchot National Forests, where golden chinquapin has 
sensitive species status 

 Engelmann spruce Northeastern Olympic Peninsula; verified population occurs in 
Olympic National Park 

 Rocky Mountain juniper Small, disjunct populations on Olympic National Forest 

 Noble fir Willapa Hills in southwestern Washington; occurs on state and 
private land 

 Pacific silver fir Willapa Hills in southwestern Washington; occurs on state and 
private land 

Eastern Washington Rocky Mountain juniper 
 
Subalpine larch 

Limited to a few small populations 
 
Ranked high in climate change vulnerability 

Northwestern Oregon Noble fir 
 
Pacific silver fir 

Disjunct population in the Coast Range  
 
Disjunct population in the Coast Range 

Eastern Oregon Alaska yellow-cedar 
 
 
Limber pine 

Single population in the Cedar Grove Botanic area, Malheur 
National Forest 

 
Three or possibly more sites on the Wallowa-Whitman National 

Forest 
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INTRODUCTION 
Climate change projections for the Pacific Northwest 
include year-round warming and potentially increased 
winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009). The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). However, there is a 
limited amount of information on climatic tolerance 
for many tree species and even less information on 
what complex interactions could result from 
ecosystem-wide exposure to a changing environment. 
 

OUR GOAL 
The goals of this analysis are to conduct a climate 
change vulnerability assessment of forest tree species 
and propose practical management actions that will 
work under a variety of future climate scenarios and 
can be implemented by the national forests in western 
Washington in cooperation with other land managers. 

OBJECTIVES 
The specific objectives of this analysis are to: 

1. Assess the relative vulnerability of forest tree 
species to projected climate changes. 

2. Evaluate tools that have been developed to assess 
vulnerability and mitigate the expected stressors of 
a warming climate. 

3. Recommend actions that will improve 
understanding of changes taking place among tree 
species, maintain and increase biodiversity and 
increase resiliency, and prepare for an uncertain 
future. 

4. Collaborate in the implementation of these actions 
with the two other predominant public land 
management agencies in western Washington: the 
National Park Service and the Washington State 
Department of Natural Resources. 
 
 

FORESTS OF WESTERN 
WASHINGTON 
The study area consists of the forests of western 
Washington, defined here as the portion of the state 
west of the Cascade Range crest. It includes the 
Olympic, Mt. Baker-Snoqualmie, and Gifford Pinchot 
national forests, comprising 3.7 million ac (1.5 million 
ha), and the Olympic, North Cascades, and Mount 
Rainier national parks, comprising 1.8 million ac (0.7 
million ha) (map on next page). An additional 1.6 
million ac (0.6 million ha) of forest land is 
administered by the Washington State Department of 
Natural Resources. Nearly 3 million ac (1.6 million 
ha) are protected either as national parks or 
congressionally designated wilderness areas on 
national forests. 

Vegetation management on western Washington’s 
national forests is focused on thinning forest stands 
and restoring plant communities with an emphasis on 
fish and wildlife habitat. On these three forests, pre-
commercial or commercial thinning was conducted on 
a combined total of approximately 7,000 ac (2,800 ha) 

How can the three national 
forests in western Washington 
conserve biodiversity and 
increase resiliency given the 
predicted changes in 
temperature and precipitation? 
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each year during 2008-2010, most often with the 
objective of improving wildlife habitat. Tree planting 
was infrequent; a combined total of fewer than 300 ac 
(120 ha) was reforested each year (2008-2010).  

FOREST TREE SPECIES 
We organized the tree species of western Washington 
into three groups (see box on next page). Group 1 
consists of 15 overstory tree species that are common 
in major portions of western Washington and are thus 
important components of the forest canopy and overall 
forest structure. These group 1 species are a major 
focus of this report because changes in their 
distribution or health could affect forest structure and 
habitat at a broad scale. Group 2 includes trees that are 
not significant components of the forest canopy owing 
to small size or to limited occurrence in western 
Washington; these species may occur infrequently 
across broad areas or may be common within a limited 

 

habitat. Group 3 consists of trees that are rare in 
western Washington or are represented by disjunct 
populations. 

We created distribution maps for all tree species of 
western Washington to show documented occurrences 
using the latest available data (appendix 7; available 
online at: http://ecoshare.info/projects/ccft/). An 
example is shown to the left. 

Drawing on information from a variety of published 
sources, we compiled profiles of the western 
Washington tree species (appendix 8; available online 
at: http://ecoshare.info/projects/ccft/). These profiles 
emphasize biological and ecological characteristics 
that were deemed relevant to the trees’ potential 
adaptation to predicted changes in climate. 

 

 

Major public lands of 
western Washington 
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FOREST TREE VULNERABILITY 
ASSESSMENT 

Methods 

A vulnerability assessment is a systematic process of 
identifying and quantifying the areas of vulnerability 
within a system (Glick and Stein 2010), or in this case, 
forest tree species. Our objectives for vulnerability 
assessment were to: (1) select a method that is 
straightforward to apply, transparent, flexible, and 
provides for easy application of sensitivity analysis; 
and (2) rank the tree species of group 1 according to 
their vulnerability to climate change impacts.  

After testing several methods, we chose the Forest 
Tree Genetic Risk Assessment System, which rates 
each species according to intrinsic attributes and 
external threats that can influence the species’ 
vulnerability to climate change (Potter and Crane 
2010). We ranked tree species for a number of 
characteristics organized into five risk factors: 
distribution, reproductive capacity, habitat affinity, 
adaptive genetic variation, and threats from insects and 
disease. Each risk factor contained multiple variables 
quantifying each tree species’ vulnerability to climate 
change. 

We calculated an overall climate change vulnerability 
score (0 to 100) for each species by averaging the five 
risk factors, which were weighted equally. A higher 
score indicates higher climate change vulnerability as 
measured by these risk factors. 

NATIVE TREE SPECIES OF WESTERN 
WASHINGTON 

Group 1: Widespread forest canopy species 

Alaska yellow-cedar 
Bigleaf maple 
Black cottonwood 
Douglas-fir 
Engelmann spruce 
Grand fir 
Mountain hemlock 
Noble fir 
Pacific silver fir 
Red alder 
Sitka spruce 
Subalpine fir 
Western hemlock 
Western redcedar 
Western white pine 

Group 2: Less common or non-canopy species 

Bitter cherry 
Black hawthorn and Suksdorf’s hawthorn  
Cascara 
Douglas maple 
Oregon ash 
Oregon white oak 
Pacific dogwood 
Pacific madrone 
Pacific willow 
Pacific yew 
Paper birch 
Quaking aspen 
Scouler’s willow 
Shore pine and lodgepole pine 
Western crab apple 

Group 3: Species rare in western Washington 

Golden chinquapin 
Ponderosa pine 
Rocky mountain juniper 
Whitebark pine 
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Group 1 Tree Species 

Several trends were evident in the vulnerability scores: 

• Trees fell into two general groups: species 
with scores above and below 50. 

• All four of the true fir species—Pacific silver 
fir, subalpine fir, noble fir, and grand fir—
were in the higher-risk group.  

• All species in the higher-risk group, except 
grand fir, had disjunct populations, a variable 
in the adaptive genetic variation risk factor.  

• There was a general trend in increasing 
vulnerability with increasing mean elevation 
of occurrence.  

• Douglas-fir, western hemlock, and western 
redcedar, the predominant species in areas 
under active management, had low 
vulnerability scores. 

• The three broadleaf tree species—red alder, 
black cottonwood, and bigleaf maple—also 
had low vulnerability scores. 

The results of this vulnerability assessment suggest 
that high-elevation tree species are at risk under a 
changing climate and thus should be a focus of 
conservation and monitoring. 

Group 2 and Group 3 Tree Species 

Group 2 tree species were predominantly non-
commercial, and, relative to group 1 species, little 
biological information was available for many of 
them. Therefore, instead of a formal vulnerability 
assessment, we examined general habitat requirements 
and reproductive characteristics relevant to climate 
change vulnerability. Patterns that emerged included: 

• Most species regenerate rapidly following 
stand-replacing disturbance, usually through 
both vegetative and sexual reproduction. 

• Many of the species are insect-pollinated and 
thus vulnerable to climate-induced changes in 
insect behavior. 

• Because many group 2 species occur in 
canopy gaps, forest edges, or understories, 
they will likely be influenced by changes in 
the growth and reproduction of the dominant 
forest canopy species. 

Group 3 tree species are known to be rare within 
western Washington, and, owing to their limited 
distributions, all of these species are already deemed 
vulnerable to the effects of climate change. The four 
group 3 species are golden chinquapin (listed in the 
regional Interagency Special Status/Sensitive Species 
Program), Rocky Mountain juniper, whitebark pine, 
and ponderosa pine. Each of these species has unique 
habitat requirements and a distribution that could be 
influenced by climate change. 

 

Results: Group 1 species (widespread forest 
canopy trees) of western Washington, ranked 
by overall climate change vulnerability score; 
higher scores indicate greater vulnerability 

Tree species 
Overall vulnerability 

score 
Pacific silver fir 81 
Subalpine fir 71 
Engelmann spruce 66 
Noble fir 61 
Grand fir 54 
Mountain hemlock 51 
Alaska yellow-cedar 51 
Western white pine 38 
Douglas-fir 31 
Bigleaf maple 29 
Black cottonwood 28 
Sitka spruce 26 
Western redcedar 26 
Western hemlock 22 
Red alder 20 
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RECOMMENDATIONS 
The recommendations developed during the course of 
this project fall into three categories: 

1. Learn about and track changes in plant 
communities as the climate changes. Collect 
baseline data where needed. Monitor the impacts 
of a warming climate on the distribution and 
health of forest tree species. Look for triggers, 
such as an increase in the frequency of large-scale 
disturbance, which will indicate a need to change 
our management approach. 

2. Maintain and increase biodiversity and 
increase resiliency. Focus on increasing stand 

diversity of native forest trees through thinning 
and planting. Increase disease resistance. Preserve 
genetic diversity, especially of isolated 
populations, and implement ex situ gene 
conservation where appropriate. 

3. Prepare for the future. Given uncertainty about 
how climate changes will unfold, a number of 
future scenarios are possible. Select activities that 
will work under a variety of scenarios including a 
potential increase in disturbances such as fires, 
wind storms, and floods, which could be followed 
by greater spread of invasive plant species. 

 

 

“The results of this vulnerability assessment suggest that high-
elevation tree species are at risk under a changing climate and 
therefore should be a focus of conservation and monitoring; 
Douglas-fir, western hemlock, and western redcedar, the 
predominant species in areas under active management, have a 
lower vulnerability to a changing climate.” 
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ACTION ITEMS BASED ON THE RESULTS OF THE 
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

 

WESTERN WASHINGTON 

1. Learn about and track changes in plant communities as the climate changes 

 Continue and expand the heath and condition surveys and mapping program 
for whitebark pine, with participation by all land management agencies with 
whitebark pine habitat in Washington State. 
Readily accessible data on whitebark pine’s present distribution is essential for 
monitoring and managing the species under climate change and pathogen threats. 
 

 Develop a conservation and monitoring plan for the three high elevation tree 
species that ranked highest in vulnerability to climate change but that have not 
been managed in the past: subalpine fir, mountain hemlock, and Alaska yellow-
cedar. 
 

 Catalog information on all known off-site forest plantations on the national 
forests, and create a GIS layer of these plantations.  
In the past, seed sources used for reforestation were sometimes not well-matched to 
the seed zones in which the seedlings were planted. Some of these off-site 
plantations may now provide valuable information on response of trees to climatic 
stressors comparable to those predicted to occur under future climate change 
scenarios. 
 

 Monitor vegetative and reproductive phenology seed orchards. 
Timing of phenology is closely linked to climate, and collecting data on annual 
phenology and microclimate will allow us to determine if there are trends in how trees 
are responding to annual climate variation.  

2. Maintain and enhance biodiversity and increase resiliency 

 Continue the national forests’ thinning programs.  
These programs achieve: (1) the promotion of greater biodiversity by increasing the 
proportion of less abundant conifer and hardwood tree species, (2) the development 
of understory vegetation, (3) enhancement of the habitat value provided by forest 
stands, and (4) increased stand resistance and resilience to disturbances, including 
fire and insect outbreaks, and environmental stressors. 
 

 Continue to include a variety of tree species in planting prescriptions, with an 
emphasis on under-represented tree species.  
 

 
Note: full details of each action item appear in tables A1-25 through A1-28 of this appendix. 
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  ACTION ITEMS BASED ON THE RESULTS OF THE 

CLIMATE CHANGE VULNERABILITY ASSESSMENT 
 

WESTERN WASHINGTON 

2. Maintain and enhance biodiversity and increase resiliency (continued) 

 Develop a pilot project to plant blister rust resistant western white pine in gaps 
or openings created in pre-commercially thinned stands and young-growth 
stands. 
Planting also could be implemented in older young-growth stands in natural openings 
created by wind and root rot pockets with low quantities of competing vegetation. 
 

 Expand gene conservation collections. 
Seed from rare species and disjunct populations should be collected for long-term ex 
situ gene conservation. These efforts are already under way for whitebark pine, but to 
date no collections have been made for other species.  
 

 Develop a partnership between the Forest Service, WDNR, and private 
landowners to map, conserve, and restore the ISSSSP-listed1 species, golden 
chinquapin, on the Olympic Peninsula. Continue to actively manage golden 
chinquapin sites on the Gifford Pinchot National Forest to promote growth and 
survival of the species. 
These disjunct populations represent the northernmost occurrences of this species. 

 
3. Prepare for the future 

 Partner with other land managers in western Washington to create a virtual 
cooperative tree seed bank. 
This would increase the likelihood that appropriate seed will be available for 
reforestation after large-scale disturbances such as fire or insect outbreaks. 
Landowners can maintain their own seed inventories, but enter in cooperative 
agreements to share seed in the event of a major disturbance. 

 
 Maintain an inventory of high-quality seed for tree species that are likely to be 

needed over the next 20 years. 
Place a priority on species that can be planted after disturbance.  
 

 Maintain forest tree seed orchards. 
These serve as gene conservation areas and are the national forests’ most efficient 
source of high quality tree seed. 
 

 Assess seed viability of individual selected tree lots in storage. 
The three national forests in western Washington have more than 5,000 single tree 
seedlots from selected trees in storage at the Dorena Genetic Resources Center. 
Many of these seedlots have been in storage for one or more decades and their 
viability is unknown. 

1 Interagency Special Status / Sensitive Species Program (USDA 2010c) 
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INTRODUCTION 
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ASSESSING CLIMATE CHANGE 
EFFECTS ON PACIFIC 
NORTHWEST VEGETATION 
Anthropogenic climate change is a great challenge to 
sustainable management of forests and grasslands 
because the rate of climatic change will likely exceed 
some species’ capability to adapt, which in turn will 
alter plant communities and ecosystems. Climate 
change projections for the Pacific Northwest show 
year-round warming, and some models indicate 
increased winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009). The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). The effects of long-
term climate changes on the composition and structure 
of western Washington’s plant communities are 
difficult to predict. There is a limited amount of 
information on climatic tolerance for many species and 
even less information on what complex interactions 
could result from ecosystem-wide exposure to a 
changing environment. 

In 2008, a study was initiated to determine how best to 
adapt federal land management on the Olympic 
Peninsula, Washington, to enhance the resiliency of 
federal lands to the effects of climate change 
(Halofsky et al. 2011). The Olympic Climate Change 
Case Study—a partnership of the U.S. Department of 
Agriculture (USDA), Forest Service, Pacific 
Northwest Research Station and Olympic National 
Forest, with the U.S. Department of Interior (USDI), 
National Park Service, Olympic National Park—
examined hydrological processes and management of 
vegetation, fish and wildlife habitat, and roads to 
determine strategies and actions for adaptation to 
climate change. The adaptation strategies for 
managing vegetation under climate change included 
gene conservation, disease resistance, increasing 
biodiversity through planting and thinning, and 

increasing preparedness for large disturbances 
including potential increases in invasive species. 

The present effort is the next step in addressing 
vegetation management and climate change. The area 
of analysis has been expanded to western Washington 
State (fig. A1-1), and the focus is on two central 
questions: (1) how may climate change affect forest 
tree species? and (2) what are the management 
implications of these potential impacts? Biodiversity is 
often viewed from a global perspective (Wilson 1988), 
but in this analysis, biodiversity is defined as “genetic 
variation within species, the variety of species in an 
area, and the variety of habitat types within a 
landscape” (Duffy and Lloyd 2010). As components of 
biodiversity, individual species, habitats, and 
ecosystems can be conservation targets for 
vulnerability assessments (Glick and Stein 2010). It is 
critical to address the effects of a changing climate at 
the level of individual plant species because individual 
species respond differently to climate, with potential 
shifts in distribution resulting in novel species 
associations (Lovejoy and Hannah 2005, Williams et 
al. 2007). Also of particular interest in this project are 
plant communities already known to be vulnerable to 
changes in climate, such as those at high elevations 
and those that are disturbance-dependent. 

The target audience for this report is vegetation 
managers on the Mt. Baker-Snoqualmie, Olympic, and 
Gifford Pinchot National Forests. However, this report 
will also provide useful information for other land 
managers in the Pacific Northwest who manage, 
restore, and conserve forests and woodlands under a 
changing climate. Land managers in other parts of the 
country will find that the methods used here can be 
applied to their plant communities using local 
information. Researchers will find signposts to the 
many questions yet to be answered concerning the 
impacts of climate change not only on forests and 
terrestrial habitats, but also on fundamental biological 
processes. 
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Figure A1-1. Major public 
lands of western Washington 
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THE STUDY AREA: WESTERN 
WASHINGTON 
The area of study is the forests of western Washington; 
analysis was done on data collected on all forest lands 
regardless of ownership. Management options 
presented here are intended for National Forest System 
lands but also may be applied to other land 
management agencies. Recommendations developed 
in partnership with other agencies are identified. 

National Forest System lands of western Washington 
have been managed under the Northwest Forest Plan 
(NWFP) since its adoption in 1994 (Moeur et al. 
2005). The NWFP was created with the vision of 
protecting forest habitat while simultaneously ensuring 
a sustainable supply of timber products. The plan was 
developed with a primary focus on late successional 
dependent species and aquatic habitat after a 
management impasse occurred when the northern 
spotted owl (Strix occidentalis caurina) was 
designated threatened under the Endangered Species 
Act. The 1994 Record of Decision amends the 
planning documents of lands administered by the 
USDA Forest Service and USDI Bureau of Land 
Management within the range of the northern spotted 
owl. The NWFP established a system of standards and 
guidelines to provide habitat management direction for 
these agencies. 

Six allocation classes were designated within the land 
covered by the NWFP (table A1-1), each with 
standards and guidelines based on specific objectives. 
Of the 24.5 million ac (9.9 million ha) included in the 
NWFP in Washington, Oregon, and northern 
California, 84 percent of the land is allocated to one of 
six designated classes, with the remaining 16 percent 
designated as matrix land, where timber harvest and 
silvicultural activities may potentially be implemented 
(figs. A1-2 through A1-4). The congressional reserves 
class includes national parks and monuments, 
wildernesses, and other areas where timber is not 
harvested. Similarly, administratively withdrawn areas 
are lands previously designated for non-timber uses, 
and include recreation and visual areas. On late 
successional reserves, the objective is to protect and 

enhance conditions of late successional habitat, while 
on riparian reserves, riparian-dependent resources are 
emphasized. The remaining land is in adaptive 
management areas, which are designated for testing 
new management approaches to achieve ecological 
and economic health. Timber harvest may potentially 
occur in this class and on matrix land; additionally, 
young forests in managed late successional reserves 
may be thinned. 

In western Washington, defined here as the portion of 
the state west of the Cascade Range crest, the NWFP 
covers Olympic, Mt. Baker-Snoqualmie, and Gifford 
Pinchot National Forests, comprising 3.7 million ac 
(1.5 million ha); and Olympic, North Cascades, and 
Mount Rainier National Parks, comprising 1.8 million 
ac (0.7 million ha). Figures A1-2 through A1-4 show 
the distribution of NWFP allocation classes within 
western Washington’s national forests; the national 
parks fall within the congressional reserves class. An 
additional 1.6 million ac (0.6 million ha) of forest land 
administered by the Washington State Department of 
Natural Resources (WADNR) is not included in the 
NWFP. 

Vegetation management on western Washington’s 
national forests is focused on thinning forest stands 
and restoring plant communities with an emphasis on 
fish and wildlife habitat. On these three forests either 
pre-commercial or commercial tree thinning is 
conducted on close to 7,000 ac (2,800 ha) each year 
combined, most often with the objective of improving 
wildlife habitat. Tree planting is infrequent because 
thinning on these forests is not applied as a 
regeneration harvest; a combined total of fewer than 

Table A1-1. Allocation of Northwest Forest Plan 
land in Washington, Oregon, and northern 
California 

Designation Allocation (%) 
Congressional reserves 30 
Administratively withdrawn areas 6 
Late successional reserves 30 
Managed late successional areas 1 
Riparian reserves 11 
Adaptive management areas 6 
Matrix land 16 
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300 ac (120 ha) per year are reforested by planting in 
western Washington’s three national forests. A small 
number of planting opportunities are created when 
timber is harvested after windstorms on the Olympic 
Peninsula and after lightning-caused fires in the 
Cascade Range. Each year many miles of roads are 

decommissioned, which entails restoration activities 
such as restoring natural drainage, improving soil 
condition, seeding, and mulching to reduce soil 
erosion and noxious weeds and to facilitate the return 
of the native plant community. 
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Figure A1-2. Northwest Forest Plan land 
allocations for Olympic National Forest 
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Figure A1-3. Northwest Forest Plan land allocations 
for Mt. Baker-Snoqualmie National Forest 
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Figure A1-4. Northwest Forest Plan land allocations 
for Gifford Pinchot National Forest 
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GOALS, ASSESSMENT 
TARGETS, AND OBJECTIVES 
The goal of this analysis is to conduct an assessment 
of the vulnerability of forest tree species to climate 
change. Forest trees are the first priority for analysis of 
the impacts of climate change on individual plant 
species. Trees provide stand structure and dictate the 
composition of plant communities in the forests of the 
Pacific Northwest. Many of these tree species also 
have high economic or cultural value. Because trees 
are long-lived and have long generational intervals, 
they may be slower to adapt and migrate and thus may 
be more at risk to changes in climate than forb or grass 
species. Grasses, forbs, and shrubs that are at risk 
because of habitat loss or other factors (though not 
specifically because of predicted changes in climate) 
are protected, monitored, and often restored under the 
Endangered Species Act and the Interagency Special 
Status/Sensitive Species Program (ISSSSP) 
(USDA/USDI 2011). There is only one tree species 
evaluated in this project that is currently under any 
special protection: Chrysolepis chrysophylla, golden 
chinquapin, has sensitive species status for the 
Olympic and Gifford Pinchot National Forests. 

Objectives 

The specific objectives of this analysis are to: 

• Assess the relative vulnerability of forest tree 
species to projected climate changes. 

• Evaluate tools that have been developed to 
assess vulnerability and mitigate the expected 
stressors of a warming climate. 

• Recommend actions that will improve 
understanding of changes taking place among 
tree species, maintain and increase 
biodiversity and increase resiliency, and 
prepare for an uncertain future. 

• Collaborate in the implementation of these 
actions with the two other predominant public 
land management agencies in western 

Washington: the National Park Service and the 
Washington Department of Natural Resources. 

These objectives follow the guidelines for agency 
accountability in the USDA Forest Service National 
Roadmap for Responding to Climate Change (USDA 
Forest Service 2011b). 
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FOREST TREE SPECIES OF  
WESTERN WASHINGTON 
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INTRODUCTION 
In this report, we evaluate the climate change 
vulnerability of the 34 native tree species that occur on 
western Washington’s national forests, national parks, 
and lands managed by Washington Department of 
Natural Resources. Here, trees are defined as woody 
perennials capable of producing a single stem with 
apical dominance and reaching at least 20 ft (6 m) in 
height. Of the 34 native tree species occurring in 
western Washington (table A1-2), 17 are coniferous 
and 17 are broadleaf species. The Abies and Pinus 
genera contain the greatest number of species, four 
each. All the western Washington conifers are 
evergreen, and all but two of the broadleaf trees 
(Pacific madrone and golden chinquapin) are 
deciduous. 

GROUPING 
To facilitate analysis, we organized the tree species of 
western Washington into three groups (table A1-2). 
Group 1 consists of 15 overstory tree species that are 
common in major portions of western Washington and 
are thus important components of the forest canopy 
and overall forest structure. This group includes 
species that are widespread across western 
Washington (e.g., western hemlock and western 
redcedar at low- to mid-elevations) and species that 
are common within more limited zones (e.g., subalpine 
fir and mountain hemlock in mid- to high-elevation 
habitat). These group 1 species are a major focus of 
this report because changes in their distribution or 
health could affect forest structure and habitat at a 
broad scale. Group 2 includes trees that are not 
significant components of the forest canopy owing to 
small size (e.g., cascara, Scouler’s willow, and Pacific 
dogwood) or to limited occurrence in western 
Washington (e.g., quaking aspen, paper birch, and 
Oregon white oak). Within the latter category, trees 
may occur infrequently across broad areas or may be 
common within a limited habitat.  

The third species group consists of trees that are rare 
in western Washington or are represented by disjunct 
populations. The species in this group are golden 

chinquapin, whitebark pine, Rocky Mountain juniper, 
and ponderosa pine. 

HABITATS 
Most of the forests of western Washington are 
dominated by large, long-lived conifers, while 
broadleaf trees are generally confined to the forest 
understory and edges, canopy gaps, disturbed areas, 
riparian zones, and very wet or dry sites. Many of the 
broadleaf species typically occur individually or in 
groves and are not major components of forest stands. 
Only a small number of the broadleaf trees, including 
red alder, bigleaf maple, black cottonwood, and 
Oregon white oak, are often significant components of 
a forest canopy. 

TREE SPECIES DISTRIBUTIONS 
The diverse physiography of western Washington is 
associated with a wide variety of ecological niches and 
vegetation types. The major forest types can be 
described as potential natural vegetation zones 
(Henderson 2009): the climax vegetation types that 
would develop under the current climate in the 
absence disturbance (figs. A1-5 through A1-7). Given 
projected changes in climate, future zones are likely to 
differ from those shown for current conditions. 

Some of the most common conifers of western 
Washington—including western hemlock, western 
redcedar, and grand fir—have ranges restricted to the 
Pacific Northwest maritime zone, which includes the 
coastal strip from southeastern Alaska to northern 
California and the moist western slopes of the northern 
Rocky Mountains. The high-elevation conifers of 
western Washington—such as whitebark pine, 
Engelmann spruce, and subalpine fir—are tolerant of 
low temperatures, and their ranges stretch northward 
into interior Canada and eastward across the U.S. 
Rocky Mountains. Other conifer species with broader 
ecological amplitudes—including Douglas-fir, 
ponderosa pine, and lodgepole pine—have expansive 
ranges that stretch from Canada, throughout the 
western United States, and into Mexico.  
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Table A1-2. Native tree species of western Washington1 

Scientific name Common name Symbol Group2 Division Type 
Abies amabilis Pacific silver fir ABAM 1 Conifer Evergreen 
Abies grandis Grand fir ABGR 1 Conifer Evergreen 
Abies lasiocarpa Subalpine fir ABLA 1 Conifer Evergreen 
Abies procera Noble fir ABPR 1 Conifer Evergreen 
Acer macrophyllum Bigleaf maple ACMA3 1 Broadleaf Deciduous 
Alnus rubra Red alder ALRU2 1 Broadleaf Deciduous 
Cupressus nootkatensis Alaska yellow-cedar CUNO 1 Conifer Evergreen 
Picea engelmannii Engelmann spruce PIEN 1 Conifer Evergreen 
Picea sitchensis Sitka spruce PISI 1 Conifer Evergreen 
Pinus monticola Western white pine PIMO3 1 Conifer Evergreen 
Populus balsamifera ssp. 

trichocarpa 
Black cottonwood POBAT 1 Broadleaf Deciduous 

Pseudotsuga menziesii Douglas-fir PSME 1 Conifer Evergreen 
Thuja plicata Western redcedar THPL 1 Conifer Evergreen 
Tsuga heterophylla Western hemlock TSHE 1 Conifer Evergreen 
Tsuga mertensiana Mountain hemlock TSME 1 Conifer Evergreen 
Acer glabrum var. douglasii  Douglas maple ACGLD4 2 Broadleaf Deciduous 
Arbutus menziesii Pacific madrone ARME 2 Broadleaf Evergreen 
Betula papyrifera Paper birch BEPA 2 Broadleaf Deciduous 
Cornus nuttallii Pacific dogwood CONU4 2 Broadleaf Deciduous 
Crataegus douglasii and   

C. suksdorfii3 
Black hawthorn and 

Suksdorf’s hawthorn  
CRDO2 
CRSU16 2 Broadleaf Deciduous 

Frangula purshiana  Cascara FRPU7 2 Broadleaf Deciduous 
Fraxinus latifolia  Oregon ash FRLA 2 Broadleaf Deciduous 
Malus fusca  Western crab apple MAFU 2 Broadleaf Deciduous 
Pinus contorta var. contorta 

and var. latifolia 
Shore pine and 

lodgepole pine 
PICOC 
PICOL 2 Conifer Evergreen 

Populus tremuloides Quaking aspen POTR5 2 Broadleaf Deciduous 
Prunus emarginata Bitter cherry PREM 2 Broadleaf Deciduous 
Quercus garryana Oregon white oak QUGA4 2 Broadleaf Deciduous 
Salix lucida ssp. lasiandra Pacific willow SALUL 2 Broadleaf Deciduous 
Salix scouleriana Scouler’s willow SASC 2 Broadleaf Deciduous 
Taxus brevifolia Pacific yew TABR2 2 Conifer Evergreen 
Chrysolepis chrysophylla Golden chinquapin CHCH7 3 Broadleaf Evergreen 
Juniperus scopulorum   Rocky mountain juniper JUSC2 3 Conifer Evergreen 
Pinus albicaulis Whitebark pine PIAL 3 Conifer Evergreen 
Pinus ponderosa Ponderosa pine PIPO 3 Conifer Evergreen 
1 Nomenclature follows the U.S. Department of Agriculture Plants Database (USDA NRCS 2010); in cases where multiple common 
names exist, regionally favored names are used here. 
2 Group 1 = overstory trees with widespread distribution in western Washington; Group 2 = trees that are not major overstory 
components owing to limited distribution or small size; Group 3 = trees that are rare in western Washington or that are represented 
only by disjunct populations. 
3 Black hawthorn and Suksdorf’s hawthorn are described together because much of the available data on these species were 
published when they were known as varieties of the same species. For convenience, the two species are simply referred to as 
“black hawthorn” in the text. 
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Figure A1-5. Potential natural vegetation zones of the Olympic 
Peninsula, Washington (Henderson 2009) 
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Figure A1-6. Potential natural vegetation zones of 
northwestern Washington (Henderson 2009) 
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Figure A1-7. Potential natural vegetation zones of 
southwestern Washington (Henderson 2009) 
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The broadleaf trees of western Washington include 
species found predominantly in the Pacific Northwest, 
such as red alder and bigleaf maple, as well as species 
covering substantial portions of North America, such 
as quaking aspen, paper birch, and Scouler’s willow. 

Distribution maps 

Distribution maps for tree species of western 
Washington were created with the intention of 
showing documented occurrences using the latest 
available data (appendix 7). For most of these species, 
high-quality range maps are available elsewhere (e.g., 
Little 1971, 1976); however, at the scale of this 
assessment, such range maps lack the desired 
resolution. Alternatively, computer models have been 
used to predict changes in tree species’ habitat based 
on climate and other environmental variables (e.g., 
Crookston 2010, Hargrove and Hoffman 2005). While 
these model predictions are useful for many purposes, 
they are designed to produce maps predicting suitable 
habitat rather than current species distributions. 

Map data were acquired from a variety of sources 
(table A1-3). The majority of the data shown on the 
maps in appendix 7 are from three Forest Service 
sources and from the National Park Service. The 
sources of Forest Service data are: Forest Inventory 
and Analysis (FIA) (USDA Forest Service 2010b), the 
Current Vegetation Survey (CVS) (USDA Forest 
Service 2008), and the Forest Service Region 6 
Ecology Program Core Dataset (USDA Forest Service 
2010a) (all plot locations for each data source are also 
shown in appendix 7). Inventory data from WADNR 
were not in a format conducive to the mapping of 
individual species occurrences; thus, these data 
generally were not used for species maps. In some 
instances, however, data collected by WADNR were 
used when the FIA dataset failed to adequately 
represent known occurrences of a species on WADNR 
lands (e.g., golden chinquapin and noble fir). 

While the combined data of the major inventories 
described the distributions of most species well, 
sampling protocols occasionally excluded certain 

species. For example, small trees such as black 
hawthorn and pacific willow were considered to be 
shrubs according to some tree inventory protocols. For 
such species, data from FIA, CVS, or Park Service 
inventories might be absent from one or more of the 
national parks or national forests. In other cases, 
known ranges of infrequently occurring species were 
poorly represented in inventories simply because they 
rarely occurred on the sample plots (e.g., Oregon white 
oak). For species underrepresented in the four major 
inventories, data were drawn from other sources 
including herbarium specimens collected from 
documented locations and species-specific surveys 
conducted by public agencies. These additional data 
sources were not added for species with ranges already 
fully represented by data from the four major 
inventories. 

Interpreting maps 

Data collection protocols differed among inventories; 
thus, several factors should be considered when 
interpreting maps. First, plot density varied by 
inventory; therefore, the density of points on a map 
does not necessarily correspond to the density at which 
a tree species occurs. For example, if the range of a 
species encompasses a national forest and an adjacent 
national park, the density of mapped points could be 
much greater in the national park than in the national 
forest. But this higher density of mapped occurrences 
may be a result of a higher density of sampling 
locations in the park and unrelated to an actual 
difference in the frequency of the species’ occurrence. 
Additionally, the density of mapped species 
occurrences is affected by sample plot size, which 
varied among inventories. An inventory that uses 
larger plots is likely to sample a given species more 
frequently on its plots compared to an inventory that 
uses smaller plots. Finally, the density of mapped 
species occurrences is a function of inventory design. 
An inventory of regularly spaced plots on a grid (e.g., 
FIA) is much less likely to sample a particular species 
than an inventory with an objective of locating and 
sampling that species (e.g., herbarium collections or 
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species-specific Forest Service surveys). Owing to 
influences of such factors, mapped species occurrences 
should be interpreted as representing the extent of a 
species’ distribution rather than as representing its 
density within that distribution. 

TREE SPECIES PROFILES 
Drawing on information from a variety of published 
sources, we compiled profiles of the 34 western 
Washington tree species (appendix 8). These profiles 
emphasize biological and ecological characteristics 
that were deemed relevant to the trees’ potential 
adaptation to predicted changes in climate. The 
amount of published information available for each 
species varied significantly. A substantial body of 
literature is available for commercially valuable 
species including Douglas-fir, western hemlock, and 
ponderosa pine. However, other species such as 

western crab apple, bitter cherry, and Scouler’s willow 
have not received much attention despite their 
ecological importance. As a result, the level of detail 
provided in these profiles varies by species. 

The tree profiles presented in appendix 8 focus on the 
ecological characteristics, reproduction and growth, 
genetics, and threats and management considerations 
relevant to each species. The ecological description 
contains information on each species’ distribution, 
habitat, and ecological amplitude; this information 
may assist in predicting a species’ potential response 
to climate-induced changes in its habitat. Reproductive 
characteristics such as seed production, reproductive 
age, and seed dispersal distance affect the rate at 
which a species evolves and migrates. Threats and 
management considerations include disturbances such 
as insects, diseases, and wildfire, which may be 
exacerbated by a change in climate.  

Table A1-3. Explanation of data sources used to create species distribution maps for western Washington 

Dataset Source Coverage Inventory design 
Data priority for 

maps 
Forest Inventory and 
Analysis (FIA) 

USDA Forest 
Service, Region 6 

All public and private 
lands1 

Regularly spaced 
plots 

Always used2 

Current Vegetation 
Survey (CVS) 

USDA Forest 
Service, Region 6 

National forests Regularly spaced 
plots 

Always used2 

USFS Region 6 
Ecology Program 

USDA Forest 
Service, Region 6 

National forests Plots located 
according to plant 
community type 

Always used 

National parks USDI National Park 
Service 

Lands managed by 
the National Park 
Service 

Irregularly spaced 
plots 

Always used2 

University of 
Washington 
Herbarium 

Burke Museum, 
University of 
Washington 

Public and private 
land in Washington 

Species collections 
by many individuals 
with various 
objectives 

Used when other 
data sources did not 
adequately 
represent known 
distribution 

National forest 
surveys 

USDA Forest 
Service, Region 6 

National forests Surveys based on 
individual species of 
interest 

Used in cases where 
surveys were 
conducted 

Other WADNR; USDA 
Forest Service 
Pacific Northwest 
Research Station; 
Department of 
Defense 

Various Surveys based on 
individual species of 
interest 

Used when other 
data sources did not 
adequately 
represent known 
distribution 

1 A small amount of random error was intentionally added to the FIA plot locations to protect the identity of landowners. 
2 In a few cases, these datasets did not include species that, at the time of data collection, were considered shrubs rather than 
trees. Thus, inventory data for a given species might be absent from one or more of the national forests or national parks. 
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INTRODUCTION 
Each tree species has a unique set of factors that 
determines its vulnerability to climate change. Among 
the many such factors are inherent sensitivity to 
changes in temperature and precipitation patterns, 
genetic capacity to adapt to changing habitat, and seed 
dispersal sufficient for the species to follow 
geographic shifts in habitat. 

A vulnerability assessment is a systematic process of 
identifying and quantifying the areas of vulnerability 
within a system (Glick and Stein 2010), or in this case, 
forest tree species. We chose to use vulnerability 
assessment models to address the following questions 
about the vulnerability of western Washington’s tree 
species to projected climate change: 

• How vulnerable to climate change are the tree 
species of western Washington? 

• How do we identify the underlying causes of a 
species’ vulnerability? 

• Can vulnerability of tree species to climate 
change be quantified in a way that facilitates 
ranking to prioritize management response? 

Our objectives for vulnerability assessment were to: 
(1) select a method that is straightforward to apply, 
transparent, flexible, and provides for easy application 
of sensitivity analysis; and (2) rank the tree species of 
group 1 (table A1-2) according to their vulnerability to 
climate change impacts. Group 2 species were not 
subjected to formal vulnerability assessment ranking 
because most lacked sufficient data in the scientific 
literature. Group 3 species were not ranked because all 
are rare in western Washington and therefore 
considered vulnerable to climate change. 

CLIMATE CHANGE 
VULNERABILITY ASSESSMENT 
SYSTEMS 
Selecting a Vulnerability 
Assessment System 
We first evaluated two publicly available climate 
change vulnerability assessment systems: the 

NatureServe Climate Change Vulnerability Index 
(NSVI) version 2.0 (NatureServe 2010a) and the 
Climate Change Sensitivity Database (CCSD), a part 
of the Pacific Northwest Climate Change Vulnerability 
Assessment (Lawler and Case 2010b). Both of these 
systems were developed recently (since 2009), and at 
this time there are few published reviews based on 
their application (Glick and Stein 2010, NatureServe 
2010a). In our evaluations, we applied these climate 
change vulnerability assessment systems to six 
western Washington tree species. We examined the 
results and critically evaluated the suitability of these 
systems for assessing the tree species of western 
Washington. In our evaluations, we considered each 
system’s ease of use, transparency, flexibility, and 
sensitivity. The full evaluations of the NSVI and 
CCSD systems appear in Aubry et al. (2011), and a 
general comparison of the two systems is shown in 
table A1-4. 

Our evaluations revealed that neither the NSVI nor the 
CCSD met all of our requirements for assessing tree 
species’ vulnerability. The CCSD contained a 
relatively small, fixed set of variables and lacked the 
detail desired for our assessment. Although the NSVI 
contained many of the variables that we deemed 
important for assessing climate change vulnerability, it 
did not allow us to add new variables that we 
considered vital for assessing tree species of western 
Washington. Furthermore, the NSVI’s calculations and 
variable weightings were not clear. After concluding 
that the NSVI and CCSD were not well-suited to our 
objectives, we examined a third model, the Forest Tree 
Genetic Risk Assessment System (GRAS) (Potter and 
Crane 2010). We determined that the Forest Tree 
GRAS provided the best option for developing a 
vulnerability assessment system suited to our regional 
needs and data availability. It offered the flexibility to 
add and remove variables as needed, and its 
calculations were simple and transparent. Therefore, 
we selected the Forest Tree GRAS to assess climate 
change vulnerability of the 15 group 1 tree species. 
The process of applying the Forest Tree GRAS, and 
the results, are described in detail in the following 
sections. 
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The Forest Tree Genetic Risk 
Assessment System 

The Forest Tree GRAS rates each species according to 
intrinsic attributes and external threats that can 
influence the species’ vulnerability to climate change 
(Potter and Crane 2010). Intrinsic attributes include 
population structure, fecundity, and mechanism of 
seed dispersal; external threats include projected 
climate change and major insects and diseases. These 
attributes and threats are quantified using six risk 
factors, each of which produces a numeric score. The 

factor scores are then used to calculate an overall risk 
score for the species within a given region. 

Completing the GRAS entails four steps (Potter and 
Crane 2010):  

• First, the user identifies the area and species of 
interest.  

• Second, the user selects the appropriate risk 
factors.  

• Third, for each species, the user collects 
relevant data that are used to calculate risk 
factor scores. 

Table A1-4. Comparison of the NatureServe Climate Change Vulnerability Index (NSVI) and the Climate Change 
Sensitivity Database (CCSD) vulnerability assessments and their suitability for evaluating the tree species 
of western Washington 

Attribute 
Model 

Evaluation NSVI CCSD 
Required data The model requires 

relatively detailed biological 
data that may not be 
available for some species 

The model is based on 
general ecological traits and 
habitat requirements 

Both systems allow flexibility for 
missing data; it is unclear whether 
the detailed data required by 
NSVI produces more accurate 
results 

Ease of use Relatively easy to use; the 
spreadsheet model was 
accompanied by detailed 
instructions and ran with few 
glitches 

Easy to use; the online model 
was simple and 
straightforward but provided 
minimal guidance for rating 
sensitivity factors 

NSVI was far more complex but 
provided substantial 
documentation in the model and 
as a separate publication 

Model 
transparency 

Low transparency; it is 
unclear how rating factors 
are weighted and how 
scores are calculated 

Calculation of the sensitivity 
index score is simple and 
clearly described 

The high transparency of CCSD 
increases user confidence in the 
model output 

Flexibility Up to 26 relatively specific 
factors may be rated; users 
may rate fewer factors 
based on availability of data; 
weighting of factors cannot 
be adjusted 

Up to eight general factors 
may be rated; users may rate 
fewer based on availability of 
data; weighting of factors 
may be adjusted by users 

Adjustable weighting of factors 
was advantageous for CCSD; 
both systems had some factors 
intended for animal species; only 
NSVI provided detailed guidance 
on applying the model to plant 
species 

Output format A categorical vulnerability 
rating (6 categories) and a 
categorical score of 
confidence in rating (4 
categories) 

A sensitivity index score (0 to 
100) and a confidence index 
score (0 to 100) 

The scores calculated by NSVI 
reflect the precision of the input 
data, while those of CCSD 
suggest greater precision than 
was present in the data 

Applicability to 
trees of western 
Washington 

Scores are calculated from 
a large amount of detailed 
information, although a few 
of these factors are not 
applicable; other potentially 
important factors are not 
included 

This simple index uses rating 
factors that are very general; 
guidance for rating is minimal 
and thus ratings are more 
susceptible to user bias 

Neither model included all of the 
factors that we believe affect 
vulnerability of western 
Washington trees; NSVI is a 
useful starting point, as it requires 
users to compile and organize 
relevant data 
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• Finally, the user weights factor scores, 

calculates final scores for each species, and 
then ranks the species based on the final 
scores. 

The Forest Tree GRAS is presented in the form of a 
user-friendly guide to developing and scoring risk 
factors. The system provides flexibility in the choice 
of risk factors and variables within factors; however, 
using all factors requires gathering a significant 
amount of information that can be time-consuming. 
Our evaluation of the Forest Tree GRAS is 
summarized in table A1-5. 

In applying the Forest Tree GRAS to the climate 
change vulnerability of the major tree species of 
western Washington (i.e., species group 1), we 
incorporated variables into five risk factors: 
distribution, reproductive capacity, habitat affinity, 
adaptive genetic variation, and threats from insects and 
diseases. Table A1-6 summarizes these risk factors, 

the variables selected for each risk factor, and how 
each variable was rated. Most of the information used 
to rate these variables came from published literature 
and is included in the tree profiles in appendix 8. 
Following the procedure in the GRAS user’s guide 
(Potter and Crane 2010), we used FIA inventory data 
to describe the distribution of the tree species within 
western Washington. We used some of the life history 
and genetic variation variables described by Potter and 
Crane (2010), although we also added additional 
variables that had greater regional relevance. 
Information on insect and disease threats was provided 
by an expert panel from the USDA Forest Service, 
Pacific Northwest Region (Region 6) Forest Health 
Protection Program. 

We initially planned to use the climate pressure factor 
as designed by Potter and Crane (2010), in our 
application of the Forest Tree GRAS. This risk factor 
incorporates climate change pressure using modeled 

Table A1-5. Evaluation of the Forest Tree Genetic Risk Assessment System (GRAS) (Potter and Crane 2010) 

Attribute Description Evaluation 
Required data All risk factors and variables within risk 

factors are selected by the user; use of 
information on tree distribution and 
density requires knowledge of and ability 
to extract data from existing data sources 
such as the FIA database; assistance is 
available from the FIA program 

Allows flexibility for missing data; all information must be 
compiled by the user, which can require significant time 
reviewing literature and performing calculations depending 
on the number of variables selected 

Ease of use Very easy to use  The instructions in the guide are clear and well-organized; 
the use of spreadsheets to summarize information and 
calculate indices makes this approach very accessible; the 
example of the assessment of trees in the sensitivity 
analysis is very useful 

Model 
transparency 

High transparency; all ratings appear in 
tables and score calculations are 
described 

This high transparency increases user confidence in the 
model output; sensitivity analysis is easy and can be done 
quickly 

Flexibility Any number of risk factors and variables 
within risk factors can be used, and 
factor and variable weighting is 
adjustable 

The boundless choice of risk factors and adjustable 
weighting of factors is very advantageous but also requires 
knowledge of species biology, genetics, and climate 
prediction systems to make sound choices; expert advice 
is critical when the user lacks knowledge in a specific 
subject area, but interpreting and incorporating this 
information can be time-consuming 

Output format Scores for each risk factor (0 to 100) and 
an overall vulnerability score and ranking 
for each species 

The calculated scores reflect the precision of the input data 
and the weighting used 

Applicability to 
trees of western 
Washington 

All factors were chosen for their 
relevance to tree species of western 
Washington, assuring applicability  

Compiling and organizing relevant data and discussing 
candidate factors resulted in a greater understanding of the 
vulnerability of trees to climate changes  
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changes in suitable habitat for each tree species, which 
are based on projected changes in future climate. Maps 
showing predicted present and future habitat 
distribution were acquired for group 1 tree species 
(Hargrove et al. 2010, Rehfeldt et al. 2006). Using 
these maps of present and future habitat distributions, 
we developed a system to combine the results of these 
two modeling approaches and to classify each species’ 
projected habitat distribution as increasing, decreasing, 
or not changing. However, during our peer review 
process, concerns were raised over the level of 
uncertainty associated with the workings of these 
models and the use of bioclimatic envelope models in 
species distribution predictions. After further 
consideration, we decided to drop this risk factor from 
the analysis. A detailed account of the development of 
the climate pressure risk factor and discussion of the 
issues associated with its use appear in Aubry et al. 
(2011). 

RESULTS OF APPLYING THE 
FOREST TREE GENETIC RISK 
ASSESSMENT SYSTEM TO 
GROUP 1 TREE SPECIES 
The following subsections include descriptions of each 
of the five risk factors used in the Forest Tree GRAS, 
key observations made during the assessment, and 
tables showing the risk factor variables and scores for 
the 15 group 1 tree species. Within each table, tree 
species are ranked based on the score for that risk 
factor; higher scores indicate higher risk given 
projected changes in climate. Both raw scores and 
scaled scores are presented for each factor. The 
purpose of the scaled scores is to provide equal 
weighting to each of the five factors (i.e., scores 
ranging from 0 to 100) for calculation of an overall 
vulnerability score for each species. These overall 
vulnerability scores are presented at the end of this 
section. 

Distribution 

Approach 
The distribution factor is derived from both qualitative 
and quantitative assessments of the distribution of each 
species in western Washington (table A1-7). The 
factor’s qualitative assessment variable, Distribution 
within Western Washington, is based on visual 
examination of a species’ distribution map (appendix 
7). A vulnerability rating is assigned to this variable 
according to the overall extent of a species’ 
distribution, regardless of the point density. The 
variable is based on the general assumption that a 
broader distribution is at lower risk of climate change 
effects. The quantitative variable, Frequency of 
Occurrence, is the percentage of FIA plots on which a 
species occurs, regardless of how the occurrences are 
distributed across western Washington. The second 
quantitative variable, Proportion of All Canopy Trees 
on Plots, is the average percentage of all canopy trees 
(defined here as trees coded by FIA as in the 
dominant, co-dominant, or open-grown crown classes) 
that a given species represents on the FIA plots on 
which it occurs. Canopy trees are generally the trees 
with the greatest vigor and reproductive capacity 
because they receive more sunlight and typically have 
larger crowns than trees in intermediate and 
suppressed crown classes. Thus, species occupying a 
greater proportion of the forest canopy are assigned 
lower vulnerability scores. 

Our distribution factor is based on two of the factors of 
Potter and Crane’s (2010) original risk assessment 
system: Population Structure and Rarity/Density. 
Distribution within Western Washington is a surrogate 
for Potter and Crane’s (2010) variable quantifying the 
size of a species’ range within the area of interest 
(from their population structure factor), and our 
Frequency of Occurrence variable is calculated in the 
same manner as the corresponding variable in Potter 
and Crane’s (2010) rarity/density factor. Proportion of 
All Canopy Trees on Plots is a modification of the 
density variable from Potter and Crane’s (2010) 
rarity/density factor. 
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Table A1-6. Risk factor and variable descriptions and scoring system for the Forest Tree GRAS; higher 
scores indicate greater vulnerability 

Risk factor Variable Description Scoring system 

Distribution 
 

Distribution within 
western Washington 
 

Qualitative assessment, scored 
by examining distribution maps1 

Wide = 0 
Moderate = 25 
Narrow = 50 
Rare = 100 

Frequency of 
occurrence  

Percentage of FIA plots with 
species present 

Rank of each value as a 
percentage of the data set 

Proportion of canopy 
trees on plots 

Mean proportion of all canopy 
trees (dominant, co-dominant, 
and open grown crown classes) 
of a given species in all FIA plots 
with that species present 

Rank of each value as a 
percentage of the data set 

Reproductive 
capacity2 

Dioecy Breeding system Monoecious = 0 
Dioecious = 100 

 Sound seed Proportion of filled seeds in 
mature cones or fruits 

High = 0 
Medium = 50 
Low = 100 

 Minimum seed-
bearing age 

Age at which seed production 
begins under good growing 
conditions 

< 10 years = 0 
10 to 20 years = 50  
 > 20 years = 100 

 Seed dispersal 
capacity 

Distance within which most seed 
is dispersed 

 > 0.5 mile = 0 
 400 ft to 0.5 miles = 50 
 < 400 ft = 100 

Habitat affinity 
 

Mean elevation  Mean elevation (ft) of all 
occurrences on FIA plots 

Rank of each value as a 
percentage of the data set 

Successional stage2 Successional stage(s) in which 
the species commonly occurs 

Early = 0 
Early to late = 50 
Late = 100 

Habitat specificity2 Habitat specificity relative to all 
other western Washington tree 
species 

Low = 0 
Medium = 50 
High = 100 

Drought tolerance2 Drought tolerance relative to all 
other western Washington tree 
species 

High = 0 
Medium = 50 
Low = 100 

Adaptive 
genetic 
variation2 

Pollen dispersal 
vector 

Wind or insects 
 

Wind = 0 
Insects = 100 

Disjunct populations Populations that are disjunct from 
the main portion of the species’ 
range 

No disjunct populations = 0 
One or more such populations = 
100 

Elevation band width 
of seed zones3 

Range in elevation within which 
maladaption due to seed 
movement is minimized 

no elevation bands = 0 
≥ 1,500 ft = 33 
1,000 to 1,500 ft = 67 
 ≤ 1,000 ft = 100 
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Key observations 
• All tree species are widely distributed across 

western Washington, with the exception of 
Engelmann spruce and noble fir, which have 
moderate distributions. This is a result of the 
area of analysis encompassing the western 
edge of Engelmann spruce’s range and the 
northern edge of noble fir’s range. Because the 
wide and moderate distribution categories 
were assigned scores of 0 and 25, respectively, 
Distribution Within Western Washington had 
little effect on species’ overall factor scores. If 
this analysis were applied to all western 
Washington tree species, rather than group 1 
only, scores for this variable would have a 
wider range and therefore a greater influence 
on factor scores and rankings. 

• Frequency of Occurrence was based on a 
ranking of group 1 species; thus, potential 

scores for this variable ranged from 0 to 100. 
Percentage of plots on which individual 
species occurred ranged from less than 1 
percent (Engelmann spruce) to 70 percent 
(Douglas-fir). 

• The variable, Proportion of All Canopy Trees 
on Plots, provided an approximation of a 
species’ dominance and reproductive potential 
independent of the total number of plots on 
which that species occurred. Species with high 
risk scores (e.g., Engelmann spruce and 
western white pine) often occurred in small 
numbers and composed only a minor 
component of the forest canopy. The species 
with the lowest risk scores were those often 
occupying major portions of the forest canopy 
where they occurred: Douglas-fir, subalpine 
fir, Pacific silver fir, and red alder. 

  

Table A1-6, continued 

Risk factor Variable Description Scoring system 

Major insect 
and disease 
threats4 

Threat Insect or disease that impacts 
the health or survival of the 
species 

Score for each threat is calculated as 
the product of the severity and 
immediacy scores 

Severity A rating of the present impact of 
insect or disease threats  

Minor mortality, usually of already-
stressed trees = 1 
Moderate mortality in association with 
other threats = 3 
Moderate mortality of mature trees = 
5 
Significant/complete mortality in 
related species = 6 
Significant mortality of mature trees = 
8 
Complete mortality of all mature trees 
= 10 

Immediacy Threats weighted based on 
present or expected exacerbation 
by a changing climate 

Potential to reach region of interest = 
1 
Present in region = 2 
Present in region and climate change 
appears to be a contributing factor in 
increases in distribution and impact = 
3 

1 See distribution maps in appendix 7. 
2 Unless otherwise noted, all information is taken from published literature, which is summarized in the tree profiles in appendix 8. 
3 Randall and Berrang (2002). 
4 Information provided by expert panel, U.S. Forest Service Pacific Northwest (Region 6) Forest Health Protection Program. 

 



A1-38 Appendix 1: Climate Change and Forest Trees in Western Washington 

  

Engelmann spruce, western white pine, and black 
cottonwood had the highest distribution vulnerability 
scores of the assessed tree species. Conversely, 
western hemlock, Pacific silver fir, Douglas-fir, 
western redcedar, and red alder had the lowest scores. 
With two exceptions, Frequency of Occurrence and 
Proportion of All Canopy Trees on Plots scores were 
not widely disparate. The exceptions were subalpine 
fir and western redcedar. Subalpine fir occurred on a 
relatively low number of plots owing to the limited 
extent of its habitat, but it occupied a major portion of 
the canopy where it occurred. Western redcedar 
occurred on a relatively large number of plots but, 
likely as a result of its shade tolerance and capacity to 
survive in sub-canopy positions, averaged less than 18 
percent of canopy trees on those plots. 

Reproductive Capacity 

Approach 
The variables in this risk factor relate to regeneration 
and seed dispersal: Dioecy (breeding system), Sound 
Seed, Minimum Seed-Bearing Age, and Seed 
Dispersal Capacity (table A1-8). At greater risk are 
species with lower seed production, shorter seed 
dispersal distances, and more complex breeding 
systems. These scores are based on present seed 
biology and wind patterns, both of which may change 
over the next century as the climate changes and trees 
acclimate. Therefore, we must keep in mind that the 
information presented here is appropriate for the near 
future only and must be updated as new information 
becomes available. 

 

Table A1-7. Distribution risk factor in a climate change vulnerability assessment of 15 major western Washington 
tree species; higher scores indicate greater vulnerability 

Species 

FIA data  Score 

Frequency of 
occurrence 
(% of plots) 

Proportion 
of canopy 
trees (%)   

Distribution 
in western 

WA1 

Frequency 
of 

occurrence2 

Proportion 
of canopy 

trees2 

Raw 
factor 
score 

Scaled 
factor 
score 

Engelmann spruce 0.8 11.5  25 100 100 75 100 

Western white pine 1.7 12.5  0 93 93 62 83 

Black cottonwood    4.2 17.7  0 71 71 48 63 

Alaska yellow-cedar 3.5 20.2  0 86 57 48 63 

Noble fir            5.5 20.9  25 57 50 44 59 

Grand fir         4.4 20.0  0 64 64 43 57 

Sitka spruce       9.1 14.2  0 43 86 43 57 

Western redcedar            34.5 17.6  0 21 79 33 44 

Mountain hemlock    7.9 35.7  0 50 36 29 38 

Subalpine fir 3.8 40.3  0 79 7 29 38 

Bigleaf maple     15.4 28.0  0 36 43 26 35 

Red alder                 39.1 36.9  0 14 29 14 19 

Pacific silver fir           24.3 39.9  0 29 14 14 19 

Western hemlock       60.3 37.5   0 7 21 10 13 

Douglas-fir   70.0 50.2  0 0 0 0 0 
1 Wide distribution = 0; moderate distribution = 25. 
2 Score based on species ranking. 
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As noted earlier, disturbances that create large 
openings are presently at low levels, and fewer than 
300 ac (120 ha) per year are reforested across the three 
national forests combined. Because many of the tree 
species need openings to reproduce, ranking species 
for reproductive capacity in this case represents the 
relative ability of species to migrate and regenerate if 
large disturbances become more frequent in the future 
under a changing climate (Littell et al. 2010).  

Key observations 
• All species in group 1 are monoecious (both 

male and female reproduction on the same 
individual) except for black cottonwood, 
which is dioecious (male and female 
reproduction on different individuals); 
therefore, the Dioecy variable had little effect 
on factor scores and species rankings. 

• Because seed of all species assessed is 
primarily wind-dispersed (secondary dispersal 
agents included animals and water), all species 

Table A1-8. Reproductive capacity risk factor in a climate change vulnerability assessment of 15 major western 
Washington tree species; higher scores indicate greater vulnerability 

Species 

Seed 
dispersal 

vector 
Seeds/ 
pound                              

Score 

 
 

Dioecy1 
Sound 
seed2 

Minimum 
seed-bearing 

age3              

Seed 
dispersal 
capacity4 

Raw 
factor 
score 

Scaled 
factor 
score 

Subalpine fir    Wind, 
gravity 11,000 0 100 100 100 75 100 

Grand fir      Wind, 
mammals 18,400 0 100 50 100 63 67 

Subalpine fir Wind 34,800 0 100 50 100 63 67 

Noble fir      Wind 13,500 0 50 100 100 63 67 

Alaska yellow-
cedar Wind 108,000 0 100 50 100 63 67 

Engelmann spruce Wind 135,000 0 50 100 100 63 67 

Douglas-fir Wind 39,300 0 50 100 100 63 67 

Western redcedar  Wind 414,000 0 50 100 100 63 67 

Sitka spruce  Wind 210,000 0 50 100 50 50 33 

Western white pine Wind 27,000 0 50 50 100 50 33 

Mountain hemlock  Wind 114,000 0 50 100 50 50 33 

Bigleaf maple Wind 3,200 0 50 0 100 38 0 

Red alder       Wind, 
water 666,000 0 50 0 100 38 0 

Black cottonwood Wind, 
water 350,000 100 50 0 0 38 0 

Western hemlock  Wind 260,000 0 50 100 0 38 0 
1 Monoecious = 0; dioecious = 100. 

2 Based on typical percentage of sound seed: high = 0; medium = 50; low = 100. 
3 Less than 10 years = 0; 10 to 20 years = 50; more than 20 years = 100. 
4 Greater than 0.5 mile = 0; 400 ft to 0.5 miles = 50; less than 400 ft = 100. 
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would have received the same score if a seed 
dispersal vector variable were included; 
therefore, this variable would have had no 
impact on species’ rankings. Although this 
attribute is important for evaluating 
reproductive capacity, we did not include it in 
our application of the index because there was 
no variation among species. 

• We evaluated the use of interval between 
heavy seed crops (years) as a variable, but the 
within-species variation was too great to 
adequately classify species. 

• Scores for Sound Seed were medium or high 
(50 or 100) for all of the tree species that were 
assessed. 

• Minimum Seed-Bearing Age was classified 
into three groups: under 10 years, 10 to 20 
years, and over 20 years. 

• For 11 of the 15 species, most seed falls 
within 400 ft (120 m) of the tree. Although 
long-distance dispersal has been recorded for 
some of these species, the viability of this seed 
is unknown and accounts for a small 
percentage of total seed production. 

The four species of fir (Abies) ranked in the highest-
scoring group for this risk factor, with Pacific silver fir 
at the top. Also in this group were Alaska yellow-
cedar, Engelmann spruce, Douglas-fir, and western 
redcedar. Species with the lowest scores were western 
hemlock, black cottonwood, red alder, and bigleaf 
maple. Each of these four species had either a low 
value for Minimum Seed-Bearing Age or a great 
dispersal distance. 

Habitat Affinity 

Approach 
The habitat affinity score was calculated from four 
variables selected to characterize species’ habitat, with 
specific attention to aspects of habitat expected to be 
influenced by projected climate change (table A1-9). 
Higher mean elevation increases vulnerability to 
climate change because the amount of potential habitat 

generally decreases with increasing elevation and 
because a warming climate could further reduce the 
extent of this habitat (Hamann and Wang 2006, 
Parmesan 2006). The successional stage variable was 
included because species adapted to late successional 
stages generally have greater within-population 
genetic diversity than species of early successional 
stages (Hamrick et al. 1992) and thus are assumed to 
be more vulnerable to loss of genetic diversity 
(Myking 2002, Potter and Crane 2010). The Habitat 
Specificity variable represents the specificity of a 
given species’ habitat requirements relative to all other 
western Washington tree species. Species with low 
habitat specificity were assigned low vulnerability 
scores because it was assumed that they were less 
vulnerable to climate-related changes in habitat. 

Our habitat affinity factor was based on the habitat 
affinity factor of Potter and Crane’s (2010) risk 
assessment system, with the addition of the variable 
drought tolerance. Species with low drought tolerance 
were assigned higher vulnerability scores because 
seasonal drought is projected to increase. In addition to 
drought, there are numerous other potential stressors 
and disturbances (e.g., fire, windthrow, frost damage) 
that may be exacerbated by climate change. However, 
we chose to add only the drought tolerance variable in 
this analysis because projected increases in 
temperature, and associated increases in growing-
season drought, are widely accepted, whereas there is 
less certainty of the degree to which climate change 
may exacerbate other stressors and disturbances 
(Littell et al. 2010). Information on each species’ 
response to these other stressors is listed in appendix 
8. 

Key observations 
• Subalpine fir and mountain hemlock had the 

highest mean elevations, whereas red alder, 
Sitka spruce, and bigleaf maple had the lowest 
mean elevations. Mean elevation scores were 
based on a ranking of all group 1 species and 
ranged from 0 to 100.  

• One species, the highly shade-tolerant Pacific 
silver fir, was classified as late successional. 
Ten species commonly occur in both early and 
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late successional stages, and four species are 
predominantly found in early successional 
stages. 

• Habitat specificity ranged from low to 
medium for group 1 species. Because all of 
these species are major forest canopy 
components in western Washington, it was not 
surprising that none of them had a high level 
of habitat specificity. 

• Drought tolerance was rated medium to low 
for all species in group 1. Species with high 
drought tolerance, such as Oregon white oak 

and ponderosa pine, also occur in western 
Washington but to an insufficient extent to be 
included in group 1. 

The species receiving the highest vulnerability scores 
was Pacific silver fir (score of 100), followed by 
mountain hemlock (88), and subalpine fir (65). The 
high vulnerability score of Pacific silver fir resulted 
from its late successional stage, its low drought 
tolerance, and its moderate habitat specificity and 
mean elevation values. Western redcedar, grand fir, 
and Douglas-fir had the lowest habitat affinity 

Table A1-9. Habitat affinity risk factor in a climate change vulnerability assessment of 15 major western 
Washington tree species; higher scores indicate greater vulnerability 

Species 

Mean 
elevation 

(feet)1 

Score 

Mean 
elevation2 

Successional 
stage3 

Habitat 
specificity4   

Drought 
tolerance5 

Raw 
factor 
score 

Scaled 
factor 
score 

Pacific silver fir        3,272 64 100 50 100 79 100 

Mountain hemlock 4,380 93 50 50 100 73 88 

Subalpine fir   4,831 100 50 50 50 63 65 

Alaska yellow-
cedar  3,816 86 50 50 50 59 58 

Engelmann spruce  3,792 79 50 50 50 57 54 

Noble fir           3,448 71 0 50 100 55 50 

Sitka spruce      509 0 50 50 100 50 39 

Western hemlock  1,680 50 50 0 100 50 39 

Black cottonwood 1,025 21 0 50 100 43 23 

Red alder  917 14 0 50 100 41 19 

Bigleaf maple  787 7 50 0 100 39 15 

Western white 
pine 2,312 57 0 50 50 39 15 

Douglas-fir 1,476 43 50 0 50 36 8 

Grand fir     1,466 36 50 0 50 34 4 

Western redcedar    1,383 29 50 0 50 32 0 

1 Mean elevations of all occurrences on FIA plots. 
2 Score based on species ranking. 
3 Early = 0; early to late = 50; late = 100. 
4 Low = 0; medium = 50; high = 100. 
5 High = 0; medium = 50; low = 100. 
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vulnerability scores, owing in part to low habitat 
specificity and relatively low mean elevations. 

Adaptive Genetic Variation 

Approach 
The adaptive genetic variation factor is based on 
elements that describe a tree species’ ability to adapt to 
a changing climate: genetic diversity, gene flow, and 
population structure (table A1-10). Genetic variation 
in adaptive traits is important because it provides the 
raw materials for populations to cope with climate 
change through evolution (Aitken et al. 2008). Forest 
trees generally have high levels of both within- and 
among-population genetic diversity for quantitative 
traits related to adaptation. A wealth of information 

has been collected on this type of genetic variation in 
commercially important trees species through common 
garden experiments. This information has been critical 
in developing seed zones and elevation bands to guide 
seed movement (Randall and Berrang 2002).  

Rehfeldt (1994) used the term specialist to describe 
species in which genetic variability is organized into 
numerous local populations, each of which is 
physiologically specialized for a particular range of 
environments. Conversely, the term generalist 
describes species in which individuals, and therefore 
populations, are attuned to a broad range of 
environments. Because specialist species are close 
adapted to their local environment and do not have the 
necessary adaptive genetic variation within 
populations to rapidly adapt to a changing climate, 
they are more susceptible to changes in climate. The 

Table A1-10. Adaptive genetic variation risk factor in a climate change vulnerability assessment of 15 major 
western Washington tree species; higher scores indicate greater vulnerability 

  
Species 

Pollen 
dispersal 

vector 

Score 

Seed zone 
elevation 

band width1 

Pollen 
dispersal 
vector2 

Disjunct 
populations3 

Raw 
factor 
score 

Scaled factor 
score 

Pacific silver fir Wind 100 0 100 67 100 

Noble fir Wind 100 0 100 67 100 

Subalpine fir Wind  67 0 100 56 84 

Engelmann spruce Wind 67 0 100 56 84 

Alaska yellow-cedar Wind 33 0 100 44 67 

Mountain hemlock Wind 33 0 100 44 67 

Grand fir Wind 100 0 0 33 50 

Bigleaf maple Insects 0 100 0 33 50 

Red alder Wind 100 0 0 33 50 

Douglas-fir Wind 100 0 0 33 50 

Black cottonwood Wind 67 0 0 22 34 

Western hemlock Wind 67 0 0 22 34 

Western redcedar Wind 33 0 0 11 17 

Sitka spruce Wind 0 0 0 0 0 

Western white pine Wind 0 0 0 0 0 

1 No seed zone elevation bands = 0; bands wider than 1,500 feet = 33; bands 1,000 to 1,500 feet = 67; bands less than 1,000 feet = 100. 
2 Primarily abiotic pollination vectors = 0; primarily biotic pollination vectors = 100. 
3 No disjunct populations = 0; one or more such populations = 100.    
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general characteristics of these alternative evolutionary 
strategies are shown in table A1-11. 

Genetic variation in traits related to local adaptation is 
critically important in assessing vulnerability to 
climate change. Seed zones that have been delineated 
for commercially important tree species are reflective 
of levels of genetic variation in adaptive traits; 
however, the number and size of these seed zones also 
are dependent on the distribution of the species. 
Therefore, in this risk factor, we used seed zone 
elevation band width as a surrogate for adaptive 
genetic variation (table A1-11). Species with one or no 
elevation band are considered generalists with wide 
climatic tolerances, whereas species with several 
narrow elevation bands are specialists, highly adapted 
to their local environment, with specific climatic 
requirements. For example, elevation bands within 
seed transfer zones for Douglas-fir, a specialist 
species, are 1,000 ft (305 m), whereas for western 
white pine, a generalist species, there are no elevation 
restrictions on seed transfer (Randall and Berrang 
2002). Because specialist species are more vulnerable 
to changes in climate, species with narrow elevation 
bands were given a higher score. In several cases, the 
geographic scale of this assessment influenced a 
species’ score. For example, Sitka spruce has 
substantial population differentiation on a range-wide 
scale but not within its range in Western Washington 
(Mimura and Aitken 2007). 

Evolution and response to natural selection depends on 
a number of factors including genetic diversity within 
populations and gene flow from adjacent populations 

(Aitken et al. 2008). For example, gene flow into a 
population from adjacent populations growing at 
warmer temperatures, such as populations at lower 
elevations or farther south, can introduce genetic 
variation that is pre-adapted to a warmer climate. Gene 
flow occurs through movement of seed and pollen; 
however, neither of these vectors is easy to measure on 
a quantitative basis. We considered including seed 
dispersal vector as a variable in this assessment, but 
because all 15 group 1 species had the same seed-
dispersal vector, wind, this variable would not have 
affected the results and for that reason was not added. 
However, seed dispersal distance was included in the 
reproductive capacity risk factor. Another vector of 
gene flow, pollen, is usually dispersed by wind or 
insects. For insect-pollinated trees, pollen dispersal 
could be affected if climate change influences the 
seasonal pattern of insect activity and disrupts the 
synchrony between the insect and the time of 
flowering. Insect-pollinated trees were assigned a 
higher vulnerability score because of this required 
interaction with another organism. 

Populations that are disjunct from other parts of a 
species’ distribution may evolve to be genetically 
distinct due to the lack of exchange of genetic material 
among populations. This may or may not be reflected 
in adaptive genetic variation, but regardless, this 
genetic uniqueness makes these populations high 
priorities for conservation. Additionally, gene flow 
into populations that are isolated or fragmented is 
often interrupted, which reduces opportunities for such 
populations to receive novel adaptive genetic 

variation. For these reasons, species 
with disjunct populations were 
assigned a higher vulnerability 
score. 

Data for all variables in this risk 
factor were obtained from the 
scientific literature. Elevation band 
widths were obtained from 
Washington Tree Seed Transfer 
Zones (Randall and Berrang 2002) 
for all species with the exception of 

Table A1-11. Comparison of alternative evolutionary strategies 

Characteristic 

Evolutionary strategy 

Specialist Generalist 

Factor controlling physical expression of 
adaptive traits 

Genotype Environment 

Mechanism for accommodating 
environmental heterogeneity 

Genetic 
variation 

Phenotypic 
plasticity 

Range of environments across which 
physiological processes function optimally 

Small Large 

Slope of gradients for adaptive traits Steep Flat 

Source: Rehfeldt 1994 
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mountain hemlock, subalpine fir, and bigleaf maple. 
Seed zones and elevation bands for these species have 
not been delineated, so information on adaptive 
genetic variation (Benowicz and El-Kassaby 1999; 
Benowicz et al. 2001b; Iddrisu and Aitken, n.d.; 
Warwell 2011) was used in combination with the 
elevational range of these species in western 
Washington (appendix 8) to estimate appropriate 
elevation bands.  

Key observations 
• High-elevation species had the highest factor 

scores (i.e., Pacific silver fir, noble fir, 
Engelmann spruce, subalpine fir, Alaska 
yellow-cedar, and mountain hemlock). This 
primarily reflects the combination of 
populations that are closely adapted to the 
often harsh environments that they inhabit (the 
narrow seed zone elevation bands of specialist 
species) and the presence of disjunct 
populations isolated by topography.  

• Sitka spruce and western white pine, which 
are widespread species with no disjunct 
populations and broad environmental 
tolerances (i.e., generalist species), had the 
lowest scores in this factor. 

• All of the species, with the exception of 
bigleaf maple, have wind-dispersed pollen; 
therefore, this item had a minimal effect on the 
factor scores. Because it is insect pollinated, 
bigleaf maple ranked in the middle with the 
same factor score as species that are wind-
pollinated but have narrow seed zone 
elevation bands (e.g., Douglas-fir, grand fir, 
and red alder) 

• The six species with disjunct populations 
ranked highest; within this species group, 
species with attributes of specialists ranked 
higher than those with attributes of generalists. 
The same ranking pattern occurred in the 
group of species without disjunct populations. 

Insects and Diseases 

Approach 
This risk factor includes insects and diseases that 
presently affect the tree species under assessment or 
are expected to exacerbate the negative impacts of 
climate changes on tree survival, growth, or vigor 
(table A1-12). For each tree species, the most 
important insect and disease threats within the area of 
analysis were determined by entomologists and 
pathologists of USFS Forest Health Protection who 
rated each insect and disease according to the severity 
and immediacy of the threat. 

We made one modification to Potter and Crane’s 
(2010) original format for this risk factor; we altered 
their threat immediacy rating scale to better represent 
threats in western Washington. We changed the 
definition of immediacy score 2, “approaching region 
of interest,” to “present in region,” and we changed the 
definition of immediacy score 3, “present in region,” 
to “present in region and climate change appears to 
contribute to increases in distribution and impact.” 
Although species-specific predictions for the future 
remain uncertain, these changes were made because 
there are indications that the current trend in climate 
warming has already exacerbated the effects of several 
insects and diseases on western Washington trees. 

Key observations 
The three tree species with the highest vulnerability 
rankings were true fir species (subalpine fir, grand fir, 
and Pacific silver fir). Each of these were affected by 
at least two important insect pests and two root 
diseases. The threat receiving the highest score for 
these three fir species was the non-native balsam 
wooly adelgid (Adelges piceae). Among all of the 
other tree species, the only threat receiving a similarly 
high score was white pine blister rust, affecting fourth-
ranked western white pine. The species with the lowest 
scores were Alaska yellow-cedar, Sitka spruce, and 
western redcedar. 
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Table A1-12. Insects and diseases risk factor in a climate change vulnerability assessment of 15 major western 

Washington tree species; higher scores indicate greater vulnerability (continues) 

Species 

Threat 1  Threat 2  Threat 3 

Threat Se
ve

rit
y1  

Im
m

ed
ia

cy
2  

Sc
or

e3  
  Threat Se

ve
rit

y 

Im
m

ed
ia

cy
 

Sc
or

e 
  Threat Se

ve
rit

y 

Im
m

ed
ia

cy
 

Sc
or

e 

Subalpine fir Balsam woolly 
adelgid 

5 3 1
5 

 Western balsam 
bark beetle 

5 2 1
0 

 Heterobasidion 
root disease 

3 2 6 

Grand fir Balsam woolly 
adelgid 

8 2 1
6 

 Fir engraver 3 2 6  Heterobasidion 
root disease 

3 2 6 

Pacific silver fir Balsam woolly 
adelgid 

8 2 1
6 

 Silver fir beetle 1 2 2  Heterobasidion 
root disease 

3 2 6 

Western white 
pine 

Mountain pine 
beetle 

3 2 6  White pine 
blister rust 

8 2 1
6 

     

Bigleaf maple Verticllium wilt 3 3 9  Armillaria mellea 3 3 9      

Mountain 
hemlock 

Laminated root 
rot 

3 2 6  Heterobasidion 
butt rot 

3 2 6      

Noble fir Armillaria root 
disease 

3 2 6  Heterobasidion 
root disease 

3 2 6      

Douglas-fir Douglas-fir 
beetle 

1 2 2  Laminated root 
rot 

3 2 6  Swiss needle 
cast 

1 3 3 

Engelmann 
spruce 

Spruce beetle 1 2 2  Tomentosus root 
rot 

1 2 2  Heterobasidion 
root disease 

3 2 6 

Western 
hemlock 

Heterobasidion 
butt rot 

3 2 6  Western 
hemlock 
looper 

1 2 2  Western 
blackheaded 
budworm 

1 2 2 

Black 
cottonwood 

Cytospora 
canker 

3 2 6  Melampsora rust 1 2 2      

Red alder Pytophthora ulni 3 2 6           

Sitka spruce Spruce beetle 1 2 2           

Western 
redcedar 

Armillaria root 
disease 

1 2 2           

Alaska yellow-
cedar 

Alaska yellow-
cedar decline 

1 1 1           

1 Minor mortality, usually of already-stressed trees = 1; moderate mortality in association with other threats = 3; moderate mortality of 
mature trees = 5; significant/complete mortality in related species = 6; significant mortality of mature trees = 8; complete mortality of all 
mature trees = 10. 
2 Potential to reach region of interest = 1; present in region = 2; present in region and climate change appears to be a contributing factor in 
increases in distribution and impact = 3. 
3 Score is the product of multiplying severity and immediacy values. 
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Table A1-12, continued     

Species 

Threat 4 

  

Threat 5 

  

Score 

Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e 

Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e Raw 
factor 
score4 

Scaled 
factor 
score 

Subalpine fir Armillaria root disease 3 2 6       37 100 

Grand fir         Armillaria root disease 3 2 6       34 92 

Pacific silver fir      Heterobasidion root 
disease 

3 2 6  Fir engraver 1 2 2  32 86 

Western white pine                22 58 

Bigleaf maple             18 47 

Mountain hemlock            12 31 

Noble fir                      12 31 

Douglas-fir           11 28 

Engelmann spruce            10 25 

Western hemlock           10 25 

Black cottonwood              8 20 

Red alder              6 14 

Sitka spruce            2 3 

Western redcedar              2 3 

Alaska yellow-cedar           1 0 

4 Calculated by summing the five threat scores. 
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Ranking Based on Overall Score 

The vulnerability score for each risk factor and the 
overall vulnerability score for each species are 
displayed in table A1-13. The overall vulnerability 
score was calculated by averaging the five risk factors, 
which were weighted equally. Higher overall scores 
indicate higher vulnerability to the effects of climate 
change as influenced by a species’ distribution, 
reproductive capacity, habitat affinity, adaptive genetic 
variation, and threats from insects and diseases. 
Among the 15 group 1 tree species, overall 
vulnerability scores ranged from 20 to 81 (lowest and 
highest scores possible were 0 and 100, respectively). 
When species were ranked by score, the scores were 

distributed relatively evenly between the highest and 
lowest. There were only two gaps of 10 or more 
points: (1) Pacific silver fir had the highest score by 10 
points, and (2) there was a gap of 13 points between 
Alaska yellow-cedar and western white pine. The 
latter gap divided the tree species into two groups: 
species with scores above and below 50. Several 
trends were evident in the vulnerability scores shown 
in table A1-13: 

• All four of the true fir species—Pacific silver 
fir, subalpine fir, noble fir, and grand fir—
were in the higher-risk group (i.e., the seven 
species with overall scores above 50). The 
four true fir species had the highest scores for 

 

Table A1-13. Summary of risk factor scores, and overall scores, in a climate change vulnerability assessment of 15 
major western Washington tree species; higher scores indicate greater vulnerability 

Species 

Risk factor scores 

Overall score1 Distribution 
Reproductive 

capacity 
Habitat 
affinity 

Adaptive 
genetic 

variation 
Insects and 

diseases 

Pacific silver fir           19 100 100 100 86 81 

Subalpine fir 38 67 65 84 100 71 

Engelmann spruce 100 67 54 84 25 66 

Noble fir            59 67 50 100 31 61 

Grand fir         57 67 4 50 92 54 

Mountain hemlock    38 33 88 67 31 51 

Alaska yellow-cedar 63 67 58 67 0 51 

Western white pine 83 33 15 0 58 38 

Douglas-fir   0 67 8 50 28 31 

Bigleaf maple     35 0 15 50 47 29 

Black cottonwood 63 0 23 34 20 28 

Sitka spruce       57 33 39 0 3 26 

Western redcedar            44 67 0 17 3 26 

Western hemlock       13 0 39 34 25 22 

Red alder                 19 0 19 50 14 20 

1 Calculated by averaging the scores from the five risk factors, each ranging from 0 to 100. 
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the reproductive capacity factor (due in part to 
a low percentage of sound seed and a 
relatively high minimum seed bearing age) 
and usually had high scores for the adaptive 
genetic variation and insect and disease 
factors. 

• The highest species scores within each of the 
five risk factors nearly always fell within the 
higher-risk species group. The most notable 
exception was the distribution factor score of 
83 for western white pine (overall score of 
38), which was a result of its low frequency of 
occurrence on FIA plots and the small portion 
of canopy trees that it represented on those 
plots. 

• All species in the higher-risk group, except 
grand fir, had disjunct populations in the 
genetics factor. Grand fir’s overall 
vulnerability ranking was increased by its high 
score for the insects and diseases risk factor, 
which resulted from a relatively high number 
and severity of insect and disease threats. 

• There was a general trend in increasing 
vulnerability with increasing mean elevation 

of FIA plot occurrences (fig. A1-8). With the 
exception of grand fir, all species with overall 
vulnerability scores over 50 had mean FIA 
plot elevations of more than 3,200 ft (975 m) 
(table A1-9). Conversely, the species with the 
lowest overall vulnerability scores (31 or 
lower) had mean FIA plot elevations of less 
than 1,700 ft (520 m). Because mean FIA plot 
elevation is part of the habitat affinity risk 
factor (table A1-9), it had an effect on species 
ranking but was not an overwhelming driver, 
as evidenced by the ranking of scores within 
the habitat affinity risk factor when species are 
ranked by overall vulnerability score table A1-
13. 

• The three broadleaf tree species all had low 
overall vulnerability scores: red alder (20), 
black cottonwood (28), and bigleaf maple 
(29). This was the result of generally low 
scores for all risk factors; for the broadleaf 
species, the only factor score greater than 50 
was the distribution factor for black 
cottonwood. 

  

Figure A1-8. Relationship between overall climate change vulnerability score and 
mean elevation of FIA plots on which each of the 15 group 1 tree species 
occurred in western Washington 
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Conclusions 

The results of this assessment can be used to prioritize 
vegetation management and conservation activities 
according to the relative climate change vulnerability 
of tree species. However, given the nature of 
vulnerability indices, the most appropriate way to 
apply the results of this type of analysis is to consider 
the trends that present themselves rather than placing 
too much emphasis on the score of one species 
compared to another. Potential management responses 
are discussed in the final section of this appendix.  

The results of this vulnerability assessment suggest 
that high-elevation tree species are at risk under a 
changing climate and therefore should be a focus of 
conservation and monitoring. 

This vulnerability analysis provided an opportunity to 
gather information on the forest tree species, to map 
species distributions based on several sources of 
potential risk factors, and to select factors considered 
most important in determining vulnerability to climate 
change. Centralizing this information provided a 
framework for considering the relative importance of 
various life history traits. The calculation of an overall 
risk score provided insight on the combined impact of 
various risk factors that could not have been gained by 
examining risk factors individually. 

For the Pacific Northwest region, this type of 
vulnerability analysis is most effective when applied to 
a geographic area the size of western or eastern 
Washington State. This scope of analysis would be 
impractical, and broader trends would be lost, if it 
were applied to individual national forests. For 
example, if the analysis included only the Olympic 
National Forest, it would not account for the 
geographical separation between Olympic Peninsula 
and Cascade Range populations of mid- to high-
elevation tree species. Conversely, if the area of 
analysis were too large and ecologically diverse, a 
single set of risk factors would not be applicable to the 
entire area and would mask regional differences. In the 
case of Washington, combining eastern and western 
portions of the state in a single analysis would involve 

simultaneously evaluating the influences of far 
different disturbance regimes and climates. 

Development of the individual risk factors helped 
identify the geographic and ecological patterns 
exhibiting unique challenges within the analysis area. 
For example, the Olympic Peninsula presents a 
challenge because populations of some tree species 
found at mid to high elevations (e.g., Alaska yellow-
cedar, Engelmann spruce, mountain hemlock, Pacific 
silver fir, and subalpine fir) are genetically isolated 
from the larger populations in the Cascade Range 
(appendix 7). This pattern is identified by the Disjunct 
Populations variable within the genetic risk factor 
(table A1-11). It is evident that these species warrant 
special attention when planning conservation activities 
such as ex situ seed collections and monitoring. 

The potential impact of climate change may be just 
one of a number of considerations when planning the 
restoration and conservation of a particular species. 
For example, a look beyond the overall ranking scores 
is needed for western white pine, Douglas-fir, and red 
alder. In the case of western white pine, the species 
received a medium overall index score of 38. This was 
due in part to a low risk rating for the adaptive genetic 
variation factor, as this species has seed zones with no 
elevation bands: seed can be moved up and down 
without risk of maladaption. This species also has 
large seed zones—although this was not part of the 
adaptive genetic variation factor—and a wide 
distribution (no disjunct populations). Yet, western 
white pine mortality has been very high due to the 
introduced pathogen Cronartium ribicola, which 
causes white pine blister rust (Kinloch 2003). The 
impacts of this disease and mountain pine beetle were 
reflected in the insects and disease factor; however, the 
score for this factor was only 58 because other species 
were affected by a greater number of threats with 
greater immediacy. Nonetheless, national forests will 
continue to screen western white pine trees to find 
rust-resistant families and to develop and maintain 
orchards for the production of rust-resistant seed 
(Sniezko 2005). This work is critical for the restoration 
of western white pine across the landscape. 
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Douglas-fir and red alder also had relatively low 
overall vulnerability scores (table A1-13). As 
discussed earlier (see adaptive genetic variation 
factor), these species are considered specialists and are 
highly adapted to their local environment. Because of 
narrow seed zone elevation band widths, both species 
were assigned the highest score for that variable (100); 
however, because their distributions are continuous 
(no disjunct populations), their factor scores were only 
50, lower than the six species that also had disjunct 
populations. At the forest level, the high degree of 
local adaptation of Douglas-fir and red alder may be 
critical in the development of monitoring programs 
and in seed source selection.  

These examples illustrate the need to consider all 
aspects of vulnerability to a warming climate at the 
appropriate scale when designing projects at the local 
level. 

VULNERABILITY OF GROUP 2 
AND GROUP 3 SPECIES 
Group 2 consists of trees that are not significant forest 
overstory components owing to their small size or to 
their limited extent in western Washington forests. 
Because many of these species are of limited 
commercial value, they have not been extensively 
researched. Little or no information was available for 
many of the risk factor variables used in the Forest 
Tree GRAS; thus, it was most efficient to exclude the 
group 2 tree species from the formal vulnerability 
assessment that was applied to the group 1 species. As 
noted earlier, the group 3 species—golden chinquapin, 
Rocky Mountain juniper, whitebark pine, and 
ponderosa pine—were not included in the 
vulnerability assessment because they are already 
known to warrant special management attention in 
western Washington, which should include 
consideration of potential impacts of climate change. 
For example, whitebark pine is under threat not only 
from a warming climate but also from white pine 
blister rust and mountain pine beetle, and a regional 
strategy is in place to address these challenges (Aubry 
et al. 2008). Specific management recommendations 

for these two groups of tree species are given in final 
section of this appendix. 

Group 2 Species 

The species of group 2 vary widely in habitat 
requirements and habitat specificity. The objective of 
this section is to make a general assessment of these 
species’ vulnerability to climate change by reviewing 
their habitat and reproductive characteristics. The 
attributes discussed were deemed relevant to species’ 
adaptation to climate-related habitat changes, 
including disturbances. 

In table A1-14, the group 2 tree species are organized 
according to their drought and shade tolerance. Among 
these trees, the ten species of low shade tolerance all 
occupy early seral stages; most depend upon forest 
canopy disturbance (e.g., fire, flood, or insect 
mortality) to become established. However, tolerance 
of extreme soil moisture conditions also allows some 
of these species to persist where most other trees 
cannot survive. Four trees within the low-shade-
tolerance group are highly drought-tolerant: Pacific 
madrone, Oregon white oak, and shore and lodgepole 
pine. Each of these four trees has a competitive 
advantage over other tree species on relatively harsh, 
dry sites, given the region’s typically droughty 
summers. However, this competitive advantage may 
not be relevant on sites that are currently marginal, 
where even these species may not survive under drier 
conditions. At the other extreme is Pacific willow, and, 
to a somewhat lesser extent, Oregon ash. These 
species tolerate seasonally flooded soils that most 
other tree species cannot survive. The remaining 
species of low shade tolerance—quaking aspen, bitter 
cherry, Scouler’s willow, and paper birch—are not as 
tolerant of drought or flooding and thus rely primarily 
on disturbance to become established. 

The five species of medium shade tolerance are 
capable of surviving beneath a partial forest canopy, 
although their growth is faster under full sunlight. 
These species may establish at forest edges or where 
small gaps occur in the forest canopy following the 
death of one or more overstory trees. The species of 
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medium shade tolerance also occur following large-
scale disturbances, although their growth is slower 
than that of the species in the low-shade-tolerance 
group. With the exception of western crab apple, these 
five species are of moderate drought tolerance and 
occur in a variety of forest types in western 
Washington. Western crab apple is most prevalent on 
wet sites where it is favored owing to its tolerance of 
seasonal flooding. 

Within the group 2 species, only Pacific yew is 
classified as highly shade-tolerant. Pacific yew occurs 
on a wide range of sites, from full sunlight to the shade 
beneath a dense conifer overstory. This species is 
unique in that it is well-adapted to growing and 
reproducing under complete shade. In northern 
California, Pacific yew was found to become 
increasingly common in older conifer stands, where 
stand-replacing fires were rare (Scher and Jimerson 
1989). 

The group 2 species can be divided into four groups 
based on seed type and dispersal mechanism (table 
A1-15), although detailed information on attributes 
such as dispersal distance and level of seed production 
is unavailable for most of these species. Pacific 
willow, Scouler’s willow, and quaking aspen produce 

significant numbers of 
very small, light seeds 
bearing fine hairs; this 
seed is capable of 
traveling long distances 
via wind or water. 
Lodgepole pine, shore 
pine, and paper birch 
regenerate via small, 
winged seeds that 
typically fall within 
several hundred yards of 
the parent tree. This seed 
is usually dispersed by 
wind, although less 
frequently it also is 
dispersed by animals. In 
the case of lodgepole 

pine, individuals within some populations are 
serotinous, opening to release seeds only following the 
heat of a fire. Douglas maple and Oregon ash produce 
large, winged seed usually dispersed by wind. Because 
it is relatively heavy, the seed of these two species 
likely has a limited dispersal distance. The fourth 
species group is defined by the fact that it is typically 
dispersed by animal vectors. Seeds of these eight 
species often are cached or dropped within several 
hundred yards of the parent tree, but there is potential 
for the seed to be transported great distances. Of the 
group 2 species, approximately half are predominantly 
insect-pollinated; thus, their production of seed is 
strongly influenced on the presence of insect species 
during flowering. 

All group 2 tree species, with the exception of the two 
pines, are capable of reproducing both vegetatively 
and sexually. In many types of vegetative 
reproduction, a developed root system already exists, 
potentially facilitating rapid growth in the initial 
months and years following a disturbance. Forms of 
vegetative reproduction among various group 2 
species include stump sprouts, root collar (i.e., the 
base of the stem) sprouts, root sprouts, and layering 
(i.e., sprouting of branches that have drooped and 
contacted the soil). Vegetative reproduction is clonal 

Table A1-14. Shade tolerance and drought tolerance of group 2 tree species 

Drought 
tolerance 

Shade tolerance 

Low Medium High 

Low Pacific willow 
Oregon ash 
Quaking aspen 
Bitter cherry 

Western crab apple  

Medium Scouler’s willow 
Paper birch 

Cascara 
Douglas maple 
Pacific dogwood 
Black hawthorn 

Pacific yew 

High Pacific madrone 
Oregon white oak 
Shore pine 
Lodgepole pine 
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and thus does not create the variety of genotypes that 
are produced by sexual reproduction. For this reason, 
vegetative reproduction does not facilitate genetic 
adaptation to a changing environment. 

In addition to the habitat and reproductive 
characteristics that influence potential response to 
projected climate change, some of the species in this 
group have other relevant management considerations. 
For example, a species’ distribution in western 
Washington, relative to its overall distribution, could 
affect management decisions. Species such as quaking 
aspen, paper birch, and Engelmann spruce are found 
infrequently in western Washington (appendix 7), but 
this region represents only the western edge of their 
distributions (USDA NRCS 2010). Other tree species 
in this group are significantly affected by human 
activities. In the case of Oregon white oak, the species’ 
native distribution occurs primarily where the region’s 
population density is highest; therefore, it is heavily 
impacted by urban and agricultural land use decisions. 
Cascara, which has bark with medicinal properties, has 

been harvested extensively for this reason for more 
than a century. Although cascara is a commonly 
occurring species, preferential harvest of the largest 
trees has significantly altered size and age structures of 
some populations over time (NatureServe 2010b). 

All group 2 species are well-adapted to reproducing 
after disturbance, although Pacific yew typically 
reaches its greatest density in undisturbed conifer 
stands. Some of the group 2 species grow best under 
regimes of frequent, stand-replacing disturbance, while 
others require only small canopy gaps in which to 
establish. However, most species in this group are 
scattered across western Washington as minor 
components of multiple forest types and therefore will 
be influenced by changes that occur in those forests. 

Table A1-15. Reproductive characteristics of group 2 tree species  

Species Pollination vector Seed type and dispersal 
Primary seed 

dissemination vector 

Pacific willow 
Scouler’s willow 
Quaking aspen 

Insect 
Insect 
Wind 

Abundant, very small seeds; may 
be dispersed miles (kilometers)  

Wind 

Lodgepole pine 
Shore pine 
Paper birch 

Wind 
Wind 
Wind 

Abundant, small seeds; may be 
dispersed 100s of yards (meters) 

Wind 

Douglas maple 
Oregon ash 

Insect, wind 
Wind 

Large, heavy seeds; probably 
limited dispersal distance 

Wind 

Pacific madrone  
Western crab apple 
Black hawthorn 
Bitter cherry 
Cascara 
Pacific dogwood 
Oregon white oak 
Pacific yew 

Insect 
Insect 
Insect 
Insect 
Insect 
Insect 
Wind 
Wind 

Seed type varies; may 
occasionally be dispersed miles 
(kilometers) depending on vector 

Birds and small mammals 
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Group 3 Species 

Each of the four group 3 species exhibits specific 
attributes that may affect influence vulnerability to 
climate change; these are summarized in table A1-16. 

Golden chinquapin occurs in two disjunct populations 
in Washington: in Mason County on the southeastern 
Olympic Peninsula and in Skamania County on the 
Gifford Pinchot National Forest (appendix 7). These 
populations are the two northernmost occurrences of 
golden chinquapin; the species’ range is 
predominantly in Oregon and California. Because the 
range of golden chinquapin occurs primarily in 
warmer, drier climates, there is no evidence that it will 
suffer directly from the changes in climate that are 
projected for western Washington. However, the 
origin and genetics of the relatively small, disjunct 
populations occurring in Washington are unknown. 
Therefore, any indirect consequences of climate 
change affecting these populations, such as increased 
competitiveness of associated tree species, are of 
concern because of the potential loss of unique 
genotypes in these populations. 

Rocky Mountain juniper occurs sporadically in the 
northern Puget Sound region and on the San Juan 
Islands near sea level and infrequently at elevations as 
high as 5,500 ft (1,670 m) in the northern Olympic 
Range (appendix 7). Recent research of genetic, 
morphological, and ecological properties indicates that 
the Rocky Mountain juniper occurring in these 
locations is a unique species, known as seaside juniper 
(Juniperus maritima R. P. Adams) (Adams 2007, 
Adams et al. 2010). Regardless of whether seaside 
juniper is widely accepted as a separate species, the 
populations in western Washington remain genetically 
distinct from Rocky Mountain juniper in the Rocky 
Mountains. This fact, combined with its limited 
occurrence in western Washington, suggests that these 
populations may be vulnerable to climate-related 
changes in habitat. 

Whitebark pine was the subject of a recent report that 
evaluated a wide range of threats to the species and 
reviewed potential effects of climate change (Aubry et 
al. 2008). The primary concern for whitebark pine is 
the fact that it occupies high-elevation habitat that, 
because of its limited and isolated occurrence, is 
particularly susceptible to climate change. If the alpine 

Table A1-16. Summary of possible climate change vulnerabilities of group 3 species 

Species Possible vulnerabilities to climate change Other notes 
Golden chinquapin Western WA populations are inherently vulnerable 

owing to the fact that they are disjunct and of 
relatively small size; genetic uniqueness of these 
populations is unknown; Olympic Peninsula 
population occurs on Forest Service, WADNR, and 
private land; therefore, management will require a 
coordinated effort 

Golden chinquapin is adapted to 
warm, dry climates 

Rocky Mountain juniper Although it occurs across a wide elevation range, 
western WA populations are small and disjunct; 
Rocky Mountain juniper in western WA is likely a 
different species than that which occurs inland  

Rocky Mountain juniper tolerates 
extreme environments including 
heat and drought 

Whitebark pine Occupies high-elevation habitat that is projected to 
decrease under a warmer climate; limited potential 
for migration 

Whitebark pine is also threatened 
by white pine blister rust, 
mountain pine beetle, and large 
high-severity fires 

Ponderosa pine Restricted primarily to one disjunct population in 
western WA 

Ponderosa pine is adapted to 
warm, dry climates; the primary 
western WA population is actively 
managed by Joint Base Lewis-
McChord 
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and subalpine habitats currently occupied by 
whitebark pine become unsuitable, the amount of 
higher elevation habitat to which the species could 
migrate is very limited in extent. The Tree Climate 
Viability Maps (TCVM) (Rehfeldt et al. 2006, 2009) 
and Multivariate Spatio-Temporal Clustering (MSTC) 
(Hargrove and Hoffman 2005, Hargrove et al. 2010) 
models both show substantial decreases in whitebark 
pine habitat in the Cascade Range under projected 
climate change. 

Ponderosa pine in western Washington is primarily 
restricted to one location: a 1,900-ac (775-ha) area on 
Joint Base Lewis-McChord, near the city of Tacoma 
(Foster 1997). Beyond scattered populations and 
individuals in the vicinity of Joint Base Lewis-
McChord, other ponderosa pine populations west of 
the Cascade crest occur only near the crest of the 
Cascade Range, and likely are the result of seed 
transported by animals from east of the crest (Peter 
2010). Ponderosa pine is adapted to warm, dry 
environments; therefore, like similarly adapted species 
(e.g., Pacific madrone, Oregon white oak, and Rocky 
Mountain juniper), projected changes in climate are 
themselves not likely to reduce the extent of suitable 
habitat in western Washington. On some sites, 
increased summer drought may even give these 
species a competitive advantage. Factors other than 
climate, however, may have significant influences on 
their habitat. In the case of ponderosa pine, the 
primary threat to the Joint Base Lewis-McChord 
population is encroachment of Douglas-fir, which has 
accelerated substantially since World War II (Foster 
1997). Prior to European settlement in the mid-1800s, 
frequent burning by Native Americans prevented 
Douglas-fir and other tree species from encroaching on 
these ponderosa pine forests. Without regular fire, 
Douglas-fir regenerates within these western 
Washington ponderosa pine stands, dramatically 
changing the composition and structure of the stands. 
Additionally, the invasive, nonnative understory 
species Scot’s broom (Cytisus scoparius) impedes 
regeneration of ponderosa pine by forming a shrub 
layer and thereby altering the seedbed environment. 
Since the mid-1990s, Joint Base Lewis-McChord has 
conducted ecological restoration activities, including 

Douglas-fir and Scot’s broom removal and prescribed 
burning, to return the ponderosa pine forests to a 
condition similar to that which existed prior to 
European settlement (Foster 1997). 
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VEGETATION MANAGEMENT 
OPTIONS 
Introduction 
The two primary ways that vegetation management 
can increase tree species diversity and change species 
distribution are through planting and thinning. Most 
recommended methods for building resiliency of forest 
stands involve planting (Millar et al. 2007). Thinning 
can be used to change species composition, modify 
stand structure and age composition, and reduce stress 
through density control, increasing vigor of residual 
trees. However, all silvicultural treatments on regional 
national forests must be applied under the directives of 
the Northwest Forest Plan, under which the focus of 
vegetation management is terrestrial and aquatic 
habitat restoration and enhancement (Moeur et al. 
2005). Forest management under the Northwest Forest 
Plan varies with land allocation (figs. A1-2 through 
A1-4) and has resulted in the planting and thinning 
programs described below. 

Tree planting is done on a relatively small scale on the 
Mt. Baker-Snoqualmie, Olympic, and Gifford Pinchot 
National Forests: 50, 20 and 220 ac (20, 8, and 90 ha) 
per year, respectively in 2008-2010. Trees are often 
planted during restoration projects such as road 
decommissioning and wildlife habitat improvement. 
Species planted are selected based on a number of site 
factors including elevation, aspect, slope, presence of 
insects and diseases, site preparation capabilities, tree 
species and plant associations in the surrounding 
stands, as well as relative shade tolerance of the 
planted species. Trees also are planted after 
disturbances such as wildfire and wind storms; 
however, these events are uncommon and affect a 
relatively small number of acres. 

The thinning program impacts many more acres than 
planting; each year these three forests thin about 
1,000, 1,800, and 4,100 ac (405, 730, and 1,660 ha), 
respectively (in 2008-2010), with an emphasis on 
maintaining species diversity and increasing structural 
diversity. Even so, the area thinned annually is less 
than 1 percent of the total land base and has a 

relatively small impact on the forests of western 
Washington.  

Given the present size and scope of the thinning and 
planting programs, management options to change the 
structure and composition of forest stands on national 
forests in western Washington are limited. 

Disturbance 
One way to anticipate opportunities to change 
vegetation is to prepare for major disturbances. 
Although recent wildfires on western Washington 
national forests have been small, large stand-replacing 
fires have occurred in western Washington at long 
intervals, from about 140 to more than 900 years 
depending on forest type (Agee 1993, Henderson et al. 
1989). Also, there is the potential that fire frequency 
may increase in parts of the region that may become 
much drier as the climate warms (e.g., the eastern half 
of the Olympic Peninsula) (Bachelet et al. 2001), but 
these changes are predicted to occur at least 40 years 
into the future and annual variation will remain 
important. 

Disturbances may increase as weather patterns change 
in the future and result in increasing windstorms, 
insect and disease mortality, and landslides (see 
Halofsky et al. 2011) for discussion of disturbances in 
the Pacific Northwest). Windstorms that occur on the 
western side of the Olympic Peninsula can be severe 
and result in considerable windfall, including partial or 
complete stand replacement (Dowling 2011). 
However, planting is used only after fallen trees are 
salvaged, and presently salvage operations are 
performed only after windthrow in Adaptive 
Management Areas. Although insects and diseases 
have not caused the level of tree mortality experienced 
east of the Cascade Mountains in Oregon and 
Washington, there are a number of insects and diseases 
that impact forest trees of western Washington (table 
A1-12) and may pose greater threats in the future, 
especially on the drier eastern sides of the Olympic 
Peninsula and the Gifford Pinchot National Forest.  

Given the potential need for seedlings to reforest 
following major disturbances, it is important to 
evaluate the forests’ conifer seed inventory and 
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replenish low seed stores for areas that are more likely 
to experience these types of large-scale disturbances. It 
is also important to evaluate the area over which seed 
is collected and combined into seedlots. In order to 
facilitate the creation of custom seedlots to match 
possible changes in seed movement guidelines in the 
future, it would be prudent to collect seed across 
smaller areas than the current seed zones. This would 
make it possible to add a percentage of seed from 
outside the seed zone if and when that becomes 
advisable.  

Assisted Migration and Projecting 
Future Changes in Tree Distribution 
Even when planting programs are relatively small, 
discussions of climate change inevitably lead to debate 
over assisted migration: the intentional movement of 
species or populations outside of their natural range or 
beyond their recognized area of adaptation (Joly and 
Fuller 2009, Richardson et al. 2009). Although few are 
suggesting that tree species should be planted outside 
their present distribution at this time, there is much 
discussion of the pros and cons of relaxing seed 
movement guidelines and adding some seed from 
sources outside the established seed zone when 
making a seed lot for sowing (Baron et al. 2008).  

Well-supported changes in seed movement require 
confidence in predictions of future conditions and the 
range of adaptability of existing populations. Seed 
movement in anticipation of climate changes should be 
supported by experimental evidence and based on 
replicated planting trials. Although research is 
underway that will help evaluate alternative futures in 
plant distribution, this type of information is not yet 
available (O’Neill et al. 2008, St. Clair et al. 2010). 
Operational planting sites on National Forest System 
lands in western Washington are not tree plantations 
and do not provide the experimental design and 
homogenous environmental conditions needed for a 
comparison of the response of seedlings grown from 
different seed sources. Therefore, it is not possible to 
“try something” and evaluate the results. 

We examined the output of the MC1 dynamic global 
vegetation model, which provides projections of future 
scenarios for broad vegetation types based on three 
general circulation models (GCMs) and two B1 and 
A2 carbon dioxide emissions scenarios (Bachelet et al. 
2001). Predictions are made for vegetation groups and 
do not include information on individual species. Also, 
projections reflect changes in climate habitat, and only 
indirectly indicate potential changes in the distribution 
of vegetation types. For the Olympic Peninsula, for 
example, two vegetation types are mapped for the 
recent past (1971–2000) and for the decade 2010–
2020: Subalpine Forest and Maritime Evergreen 
Needleleaf Forest (fig. A1-9). The latter encompasses 
most of the peninsula and does not reflect the many 
vegetation types that are used for forest management. 
For 2010–2020, the Subalpine Forest climate habitat is 
predicted to decrease at all GCMs and emission levels, 
but no changes are projected for Maritime Evergreen 
Needleleaf Forest. 

Projections for 2040–2060 vary among emission levels 
and GCMs (fig. A1-10). For five of the six scenarios, 
there is a considerable reduction in predicted 
Subalpine Forest climate habitat. Under CSIRO, A2, 
the northwest corner of the peninsula shifts to 
Temperate Warm Mixed Forest, a vegetation type that 
was not present in the 2010–2020 projections. Under 
both emission levels for Hadley, there is an increase in 
Temperate Evergreen Needleleaf Forest along the 
eastern and northeastern part of the peninsula. In both 
these cases, these areas are at low elevation and for the 
most part outside the forest boundary. These maps 
should be regarded only as trends and managers 
should not place too much importance on the 
boundaries of each vegetation type. However, based 
on the model projections, it is possible that in 30 to 50 
years the low-elevation forests of the Olympic 
National Forest could be drier, resulting in changes in 
vegetation and increases in fire frequency and extent. 
For a discussion of the results of MC1 on the Olympic 
Peninsula, see Halofsky et al. (2011). Similar results 
were found for both the Mt. Baker-Snoqualmie and the 
Gifford Pinchot National Forests. Projections for 
2040–2060 showed an increase in Temperate  
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Figure A1-9. Projected modal vegetation types on the Olympic Peninsula for the 2010–2020 time period 
compared to modeled historical vegetation types. Projections are from the MC1 model for three general 
circulation models (GCMs) (rows) and two IPCC SRES carbon dioxide emissions scenarios (columns). The 
Commonwealth Scientific and Industrial Research Organisation’s (CSIRO) GCM projects a relatively cool and wet 
Pacific Northwest, while the Model for Interdisciplinary Research on Climate (MIROC) projects a hot and wet 
Pacific Northwest, and the Hadley model projects a hot and dry Pacific Northwest. The B1 emissions scenario is 
characterized by relatively low future emissions, and the A2 scenario is characterized by relatively high future 
emissions (Halofsky 2010). Data source: R. Neilson and the MAPSS Team, USDA Forest Service and Oregon 
State University, Corvallis, Oregon) (Map by J. Muehleck) 
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Figure A1-10. Projected modal vegetation types on the Olympic Peninsula for the 2040–2060 time 
period compared to modeled historical vegetation types. Projections are from the MC1 model for three 
general circulation models (GCMs) (rows) and two IPCC SRES carbon dioxide emissions scenarios 
(columns). The Commonwealth Scientific and Industrial Research Organisation’s (CSIRO) GCM projects a 
relatively cool and wet Pacific Northwest, while the Model for Interdisciplinary Research on Climate 
(MIROC) projects a hot and wet Pacific Northwest, and the Hadley model projects a hot and dry Pacific 
Northwest. The B1 emissions scenario is characterized by relatively low future emissions, while the A2 
scenario is characterized by relatively high future emissions (Halofsky 2010). Data from R. Neilson and the 
MAPSS Team, USDA Forest Service and Oregon State University, Corvallis, Oregon) (Map by J. 
Muehleck) 
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Evergreen Needleleaf Forest and a decrease in 
Subalpine Forest on the both forests, but only for the 
Hadley GCM. More information on model application 
and projections is given in Aubry et al. (2011). 

The silviculturists and geneticists of these three 
national forests agree that seed movement outside 
present seed zones will be considered only when a 
shift in climate is shown to be having a negative 
impact on vegetation and when it becomes apparent 
that active intervention is needed to maintain healthy 
stands and provide wildlife and aquatic habitats. This 
might happen though reduced survival, vigor, and 
growth or changes in life history traits such as 
phenology or pollen and seed production. The 
movement of seed of native tree species from forests 
to the south or from lower elevations risks 
implementing an approach that is not self-tending. (A 
self-tending action is one that won’t need to be 
changed later if our projections are incorrect.) Novel 
seed movements could produce trees that are not well-
adapted, and at maturity these trees could produce seed 
and pollen that could reduce the adaptability of trees in 
surrounding stands, a scenario that would be 
impossible to reverse. It could also upset ecological 
processes in unforeseen ways. 

Another consideration regarding seed movement is 
that trees are most susceptible to unfavorable 
environmental conditions during the seedling and 
sapling stages; at maturity, trees can withstand much 
greater ranges in temperature and precipitation. Thus, 
we favor seed source selection for present conditions 
because this will increase the likelihood of early 
survival. To make informed decisions, it is imperative 
that we develop a system to assess climate-related 
changes in forest tree growth and survival. These 
triggers can then be used to implement new planting 
and thinning practices that meet changing climate 
patterns. 

New Management Opportunities 

One way to increase resiliency in forest stands is to 
create new opportunities to plant species that are 
presently under-represented due to insects, disease, or 

past harvest practices. Historically, western white pine 
was widespread throughout the forests of western 
Washington. Since the introduction of the exotic 
disease Cronartium ribicola, which causes white pine 
blister rust, the presence of western white pine has 
been dramatically reduced. High quality seed of rust-
resistant western white pine is produced at seed 
orchards on each national forest. The Olympic 
National Forest has initiated a pilot program to create 
artificial gaps or openings in young-growth stands to 
provide opportunities to plant rust-resistant western 
white pine seedlings. Planting may also be 
implemented in older young-growth stands in natural 
openings created by wind or in root rot pockets where 
competing vegetation is not a prohibitive problem.  

A genetic common garden study of western white pine 
indicated that a single seed zone for the Olympic 
Peninsula is sufficient to assure that seedlings are 
adapted to their environment (Campbell and Sugano 
1989). There is a high level of genetic variation in this 
species, but that variation is unrelated to geographic 
location or elevation within the peninsula. Therefore, 
the use of rust-resistant seed orchard seed produced 
from tested families selected throughout the peninsula 
poses no dilemmas over seed movement guidelines.  

The results of the vulnerability assessment presented 
in this report indicate that conifer species that occur 
more often at high elevations are most vulnerable to a 
changing climate (fig. A1-8). Model results clearly 
show a predicted reduction in subalpine forest type by 
year 2040 (fig. A1-10). In the past, when trees were 
harvested at sites over 3,000 ft (910 m) elevation, 
noble fir and Pacific silver fir were commonly planted, 
and thus seed processing and seedling production 
techniques were perfected. For efficient production of 
high quality seed, orchards were established for both 
these species (see tables A1-17 through A1-19 in the 
next section). However, there is no seed in inventory 
for the other at-risk high elevation species: subalpine 
fir, Engelmann spruce, mountain hemlock, and Alaska 
yellow-cedar. There may be a need to increase 
restoration of high-elevation stands in the future. This 
will require a review of the state of knowledge of seed 
collection and storage as well as growing and planting 
requirements. It may also be prudent to collect seed of 
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these species for long-term storage at the National 
Center for Genetic Resources Preservation, in Fort 
Collins, CO. 

In summary, 
• The primary silvicultural activity on national 

forests in western Washington is thinning for 
multiple goals including improvement in 
wildlife habitat, diversification of forest stand 
structure, and an increase in biodiversity. 

• Planting opportunities are limited, and 
planting prescriptions are based on a number 
of factors, the potential for climate change 
being only one of them. 

• We will continue to use locally adapted 
conifer seed sources for the limited number of 
acres planted until changes in weather, 
growth, and survival indicate that that relaxing 
seed movement guidelines is warranted. 

• It is critical to investigate opportunities to 
increase stand resiliency to climate change, 
such as the creation of gaps to plant 
underrepresented or absent species such as 
western white pine. 

GENE CONSERVATION 
Introduction 
Genetic diversity within and among populations is 
important for a number of reasons, and its 
conservation has become a priority for many species. 
Genetic diversity provides the raw material for 
adapting to changing environments; therefore, 
conservation of genetic diversity protects a 
population’s evolutionary potential, which may be 
especially important under climate change or 
increasing pressures from insects and diseases. Gene 
conservation refers to the tools used to protect and 
maintain genetic diversity. Gene conservation can be 
ex situ, meaning that resources are maintained “off 
site” or outside of a species’ native range (e.g., seed 
banks, seed orchards, off-site plantings); or in situ, 
meaning that resources are maintained “on site” or 

within the native range or source of the population 
(e.g., parks, preserves, and unmanaged lands). 

Ex situ Genetic Resources 

Seed Orchards 
Tree seed orchards in western Washington provide an 
excellent resource for ex situ gene conservation for a 
limited number of species. This resource is shown by 
orchard and species for the three national forests in 
tables A1-17 through A1-19. The WADNR also 
maintains forest tree seed orchards for needs on 
Washington state lands (table A1-20). 

Seed Storage 
Seed storage for the national forests in Western 
Washington is maintained at two facilities. Bulked 
reforestation seed lots, which include seed from 
multiple parent trees, are stored at the J. Herbert Stone 
nursery in Medford, Oregon. Of the group 1 species, 
bulk seedlots are available for all species with the 
following exceptions: 

• Olympic National Forest lacks grand fir, 
subalpine fir, Engelmann spruce, and 
mountain hemlock; and 

• Mt. Baker-Snoqualmie National Forest lacks 
Alaska yellow-cedar. 

Across all species on all forests, more than 1,000 lbs 
(450 kg) of seed are currently in storage. However, 
some of this seed is more than 25 years of age and of 
questionable viability. The seed should be tested and 
unusable seed removed from the inventory. 

Select tree seedlots, which are seed from a single, 
source-identified tree usually with some desirable 
qualities, are maintained at the Dorena Genetic 
Resources Center in Cottage Grove, Oregon (table A1-
21). As with the bulk seedlots, many of these select 
tree seedlots are old, and viability testing is needed to 
assess their condition. 
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Table A1-17. Ex situ genetic resources in seed orchards on the Gifford Pinchot National Forest 

Orchard Name Species 
Breeding 

zone Elevation (ft) 
Orchard area 

(ac) 
Families in 

orchard (no.) 
Cispus Douglas-fir 202-03011 0-1,500 6 130 
  202-03012 1,500-2,500 10 222 
  202-03013 2,500-3,500 10 301 
Planting Creek Douglas-fir 202-03021 0-1,500 5 50 
  202-03022 1,500-2,500 12 240 
  202-03023 2,500-3,500 12 270 
White Salmon Douglas-fir 202-03031 0-1,500 5 56 
  202-03032 1,500-2,500 5 50 
  202-03042 1,500-2,500 5 50 
French Butte Noble fir 022-03064 3,500-4,500 23 125 
  022-03065 >4,500 23 125 

Coyote Western white pine 119-06020 All 23 356 
TOTAL     139 1,975 

 

Table A1-18. Ex situ genetic resources in seed orchards on the Mt. Baker-Snoqualmie National Forest 

Orchard Name Species Breeding zone Elevation (ft) 
Orchard 
area (ac) 

Families in 
orchard (no.) 

Darrington Pacific silver fir 011-05013 2,500-3,000 12 135 
   011-05014 >3,500 11 137 
  Douglas-fir 205-05012 1,000-2,000 10 200 
   205-05013 2,000-3,000 10 162 
R.N. McCullough Noble fir 022-05022 <4,000 10 129 
   022-05023 >4,000 10 241 
  Western white pine 119-05010 All 6 100 
   119-17110 All 6 175 
  Douglas-fir 205-05022 1,700-2,800 14 388 
   205-05023 >2,800 10 179 
TOTAL     99 2,055 

 

Table A1-19. Ex situ genetic resources in seed orchards on the Olympic National Forest  

Orchard Name Species 
Breeding 

zone Elevation (ft) 
Orchard area 

(ac) 
Families in 

orchard (no.) 
Dennie Ahl Pacific silver fir West 1,500-3,000 4.5 45 
   Both >3,000 3 50 
Dennie Ahl Douglas-fir West <1,500 6 200 
   West 1,500-3,000 16 179 
   East <1,500 5 50 
   East 1,500-3,000 7.5 180 
   East >3,000 4.5 50 
Dennie Ahl Western white pine Both All 5 50 
Dennie Ahl Sitka spruce 098-09011 All 2 47 
Dennie Ahl Western hemlock 098-09011 >3,000 5 50 
TOTAL     51.5 804 
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In situ Genetic Resources 

There are extensive areas of protected habitat in 
western Washington that serve as reserves of in situ 
genetic resources. On public lands, more than 3 
million acres (1.6 million ha) are set aside in national 
parks (North Cascades, Mt. Rainier, and Olympic 
National Parks) and congressionally designated 
wilderness areas on national forests. Other protected 
areas include Research Natural Areas and Late 
Successional Reserves administered by the U.S. Forest 
Service, as well as state parks and WADNR-
administered natural area preserves and natural 
resource conservation areas. 

White Pine Blister Rust Resistance 
Screening 
White pine blister rust, caused by the fungus 
Cronartium ribicola, is an exotic disease that was 
unintentionally introduced to western North America a 
century ago (Benedict 1981). It infects all five-needle 

pines and has had severe impacts on both western 
white pine and whitebark pine in Washington. 
Infection level varies considerably by stand and can 
range from less than 5 percent to nearly 75 percent of 
trees (Shoal and Aubry 2006). Natural levels of 
resistance to blister rust are relatively low. However, a 
program was initiated in the late 1950s to screen 
individual western white pine trees for resistance and 
to produce seed for production of rust-resistant 
seedlings for reforestation efforts in Oregon and 
Washington. Similar work on whitebark pine was 
started in the late 1990s. Genetic resistance to blister 
rust is the key to maintaining viable populations of 
whitebark pine in the presence of the pathogen, and 
planting blister rust-resistant whitebark pine is an 
integral element of the U.S. Forest Service Pacific 
Northwest Region whitebark pine restoration program 
(Aubry et al. 2008). There is no direct evidence that 
levels of blister rust infection will either increase or 
decrease with projected climate change; however, 
promoting resiliency in forest ecosystems is key in 

Table A1-20. Ex situ genetic resources in seed orchards managed by the Washington Department of Natural 
Resources 

Species Orchard block Breeding zone 
Elevation 

(ft) 
Orchard 
area (ac) 

Families in 
orchard (no.) 

Douglas-fir Cascades North Cascades North 1,500-3,000 5.9 50 
 Cascades South Cascades South 1,500-3,000 7.8 50 
 Central DNR-Central <2,000 6.0 53 
 Coast DNR-Coast <2,000 6.0 51 
 Coastal North Coastal North <2,000 7.0 50 
 Forks Forks <2,000 7.0 50 
 Northwest Northwest <2,000 5.5 49 
 Puget Sound North Puget Sound North <1,500 5.3 50 
 Puget Sound South Puget Sound South <1,500 8.1 50 
 South Puget South Puget <2,000 3.3 51 
 Southwest Southwest <2,000 5.5 53 
Noble fir Cascades  Lewis <4,000 5.2 67 
Ponderosa pine Colville Ponderosa Northeast 2,500-4,000 4.2 58 
 Ft. Lewis Ponderosa Puget Sound <1,000 7.6 50 
 Klickitat Ponderosa White Salmon 2,000-3,200 4.0 50 
Western redcedar Puget Sound Cedar Puget Sound <2,000 1.0 50 
 Twin Harbors Cedar Twin Harbors <2,000 1.3 50 
Western white pine Westside WWP W. Washington <5,000 0.5 158 
TOTAL    91.2 1,188 
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adapting to climate change, and preserving and 
enhancing biodiversity is a key to resiliency. 
Identifying blister rust resistant individuals of both 
western white pine and whitebark pine, so that seed 
can be collected from them and used to grow seedlings 
for reforestation, will be one of the most effective 
ways of ensuring the presence of these species on the 
landscape. In addition, both these species do well after 

disturbance, so if climate change results in an increase 
in size and/or frequency of disturbance, this could 
increase opportunities to put these species back into 
the landscape. 

Western white pine—On the three national forests in 
western Washington, there are 1,437 individual 
western white pine trees that have been selected in the 
field for potential blister rust resistance. Since 1971, 

1,300 of these families (individual parent 
trees) have been screened at the Dorena 
Genetic Resources Center (table A1-22). 
Of the 1,300 families screened, 12 percent 
(159 families) have shown some resistance 
including high survival in screening, 
outstanding slow-rusting resistance 
mechanisms, or high survival in seed 
orchards. More than 90 percent of these 
families have seed in storage at Dorena, 
although many of these seed collections 
are 25 to 30 years old. Of these 159 
resistant families, 153 are represented in at 
least one seed orchard in the region. 

Whitebark pine—Since 2005, whitebark 
pine seed from 119 individual trees has 
been collected in western Washington 
(table A1-23). About 40 percent of these 
lots have been sown to grow seedlings that 
were inoculated with blister rust in 2007. 
Early results show a large amount of 
variation in potential resistance. Increasing 
mortality from progression of the disease 
was evident during the summer of 2010, 2 
years after inoculation. Screening results 
and relative rankings will be updated as 
additional assessments are performed, but 
there are indications of higher relative 
resistance in families from the Cascades 
(Mt. Adams on the Gifford Pinchot 
National Forest, Mt. Rainier National 
Park, and Mt. Baker-Snoqualmie National 
Forest) and lower relative resistance in 
families from the Olympic Peninsula. 

Table A1-21. Ex situ genetic resources in single-tree seedlots in 
storage at the Dorena Genetic Resources Center 
National forest Species Seed lots (no.) 

Gifford Pinchot Pacific silver fir 121 
 Grand fir 53 
 Subalpine fir 37 
 Noble fir 448 
 Western larch 96 
 Whitebark pine 14 
 Engelmann spruce 63 
 Western white pine 853 
 Ponderosa pine 184 
 Douglas-fir 1,335 
 Western redcedar 30 
 Western hemlock 69 
 Mountain hemlock 52 
Mt. Baker-Snoqualmie Pacific silver fir 273 
 Noble fir 293 
 Whitebark pine 4 
 Western white pine 171 
 Douglas-fir 638 
 Western redcedar 242 
Olympic Whitebark pine 16 
 Western white pine 99 
 Douglas-fir 88 

TOTAL  5,179 

 

Table A1-22. Western white pine blister rust screening in 
western Washington 

National forest 
Number of families 

screened 

Number of 
families rated 

resistant 
Gifford Pinchot 1,001 78 

Mt. Baker-Snoqualmie 178 49 

Olympic 121 32 

TOTAL 1,300 159 
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Table A1-23. Whitebark pine blister rust screening in western Washington 

Location 

Number of families 
from which seed 

was collected 

Number of families 
in rust resistance 

screening 
National forest  

 
    Gifford Pinchot 14 12 

    Mt. Baker-Snoqualmie 4 3 

    Olympic 16 7 

    All national forests 34 22 

National park   
    North Cascades 26 N/A 

    Mt. Rainier 59 N/A 

    All national parks 85 27 

All locations 119 49 

N/A = Information not available at the park level 

 



A1-66 Appendix 1: Climate Change and Forest Trees in Western Washington 

  
  



Appendix 1: Climate Change and Forest Trees in Western Washington  A1-67 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

RECOMMENDATIONS  
AND ACTION ITEMS 
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RECOMMENDATIONS 
The recommendations developed during the course of 
this project fall into three categories: 

1. Learn about and track changes in plant 
communities as the climate changes. Collect 
baseline data where needed. Monitor the 
impacts of a warming climate on the 
distribution and health of forest tree species. 
Look for triggers, such as an increase in the 
frequency of large-scale disturbance, that will 
indicate a need to change our management 
approach. 

2. Maintain and increase biodiversity and 
increase resiliency. Focus on increasing stand 
diversity of native forest trees through 
thinning and planting. Increase disease 
resistance. Preserve genetic diversity, 
especially of isolated populations, and 
implement ex situ gene conservation where 
appropriate. 

3. Prepare for the future. Given uncertainty 
about how climate changes will unfold, a 
number of future scenarios are possible. Select 
activities that will work under a variety of 
scenarios including a potential increase in 
disturbances such as fires, wind storms, and 
floods, which could be followed by greater 
spread of invasive plant species. 

Recommendations, and action items listed in tables 
A1-24 through A1-28, are focused on present 
conditions with the assumption that existing policy and 
law will continue to guide land managers over the next 
few years. 

ACTION ITEMS 
Based on the findings of our analysis, we created 
action items for all western Washington national 
forests (tables A1-24 through A1-28), as well as action 
items specific to each of the three national forests that 
were the focus of this project. Action items are listed 
separately within each of the three recommendation 
categories. 

TOP  PRIORITY ACTION ITEMS 
As a focus for planning and accomplishment, the top 
priority action items (table A1-24) were selected based 
on the following criteria: 

• Items reflect the results of vulnerability 
assessment of forest trees. 

• Items benefit the three national forests in 
western Washington. 

• Items can be accomplished in 5 years. 

• Items reflect new efforts. 

• Where possible, items combine activities 
under common goals or themes. 

• Items provide opportunities for partnership 
with the National Park Service, WADNR, and 
other land managers. 

 

 

WASHINGTON STATE’S CLIMATE CHANGE WORK 
The Washington State Department of Ecology formed four topic advisory groups in 2010 to 
assist with development of the state’s climate change response strategy. The Natural 
Resources: Working Lands and Waters topic advisory group produced a set of 
recommendations for genetic preservation and development in adapting to climate change 
(NRWLW 2011). Several of the action items in this report are closely aligned with the 
recommendations of the topic advisory group; these action items are marked with an asterisk in 
the tables that follow. 
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Table A1-24. Top Priority Action Items 
 1B Assess stand health and regeneration of subalpine fir, mountain hemlock, and Alaska yellow-

cedar, the high-elevation tree species that were found to be most at risk based on the 
vulnerability assessment. This will establish baseline information that can be used to track 
changes over time and form the basis for a conservation and monitoring plan. 

 1D* Develop a pilot program to monitor vegetative and reproductive phenology in seed orchards. 

 2G* Develop a pilot project to plant blister rust resistant western white pine in gaps or openings 
created in pre-commercially thinned stands and young-growth stands. 

 3A* Partner with other land managers in western Washington to create a virtual cooperative tree 
seed bank to facilitate reforestation after large-scale disturbances such as fire or insect 
outbreaks. 

 3B* 
- 3F 

Maintain an inventory of high-quality seed for tree species that are likely to be needed over the 
next 20 years. Place a priority on species that can be planted after disturbance. Assess the 
viability of stored seed, discard non-viable seed, and make new and replacement collections as 
needed. 

* Item is closely aligned with the Washington State Department of Ecology topic advisory group recommendations for 
genetic preservation and development in adapting to climate change (NRWLW 2011). 

 

  

GUIDE TO ACTION ITEM TABLES 
Tables A1-24 through A1-28 list all of the action items created for the 
national forests of western Washington. 

• Table A1-24 lists the top priority action items that apply to all three of 
the national forests of western Washington. 

• Table A1-25 is a comprehensive list of all the action items for the 
three national forests. Each item is labeled with the initials of the 
national forest(s) to which it applies. 

• Tables A1-26 though A1-28 contain forest-specific lists of action 
items for the three national forests of western Washington. 
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Table A1-25. Action Items for All Western Washington National Forests 

No. Forest Action 

 1. Learn about and track changes in plant communities as the climate changes 

1A GP      
MBS    
OLY 

CONTINUE AND EXPAND THE SURVEY AND MAPPING PROGRAM FOR WHITEBARK PINE, WITH THE 

PARTICIPATION BY ALL LAND MANAGEMENT AGENCIES WITH WHITEBARK PINE HABITAT IN WASHINGTON 

STATE. This effort should include a refinement of the existing state-wide GIS layer of whitebark 
pine occurrences. Readily accessible data on whitebark pine’s present distribution is essential for 
monitoring and managing the species under climate change and pathogen threats. 

1B GP     
MBS    
OLY 

DEVELOP A CONSERVATION AND MONITORING PLAN FOR THE THREE HIGH ELEVATION TREE SPECIES THAT 

RANKED HIGHEST IN VULNERABILITY TO CLIMATE CHANGE BUT THAT HAVE NOT BEEN MANAGED IN THE PAST: 
SUBALPINE FIR, MOUNTAIN HEMLOCK, AND ALASKA YELLOW-CEDAR. 

1C GP      
MBS      
OLY 

CATALOG INFORMATION ON ALL KNOWN OFF-SITE FOREST PLANTATIONS ON THE NATIONAL FORESTS, AND 

CREATE A GIS LAYER OF THESE PLANTATIONS. In the past, seed sources used for reforestation were 
sometimes not well matched to the seed zones in which the seedlings were planted. Some of 
these off-site plantations may now provide valuable information on response of trees to climatic 
stressors comparable to those predicted to occur under future climate change scenarios. 

1D* OLY MONITOR VEGETATIVE AND REPRODUCTIVE PHENOLOGY IN SEED ORCHARDS. Timing of phenology is 
closely linked to climate, and collecting data on annual phenology and microclimate will allow us 
to determine if there are trends in how trees are responding to annual climate variation. A pilot 
program will be established in 2011 in the Dennie Ahl seed orchard to develop protocols for 
monitoring phenology in western white pine and Pacific silver fir in partnership with Dr. Constance 
Harrington of PNW Research Station and the WADNR. These two species were chosen because: 
1) Pacific silver fir had the highest overall vulnerability in our index, 2) these species are present 
in the orchard, and 3) Douglas-fir and western red cedar phenology monitoring has already been 
implemented at the WADNR Meridian Seed Orchard. 

1E GP     
OLY 
 

MEASURE POPULATION GENETICS OF GOLDEN CHINQUAPIN. Golden chinquapin is one of the four group 
3 species (table A1-2) and is listed by the US Forest Service as a sensitive species in 
Washington; however, nothing is known about the genetics of this species. To develop a 
conservation plan for golden chinquapin in Washington, it is necessary to know how genetically 
similar these populations are to the core of the species’ range in California and Oregon. In 2010, 
leaf samples were collected for genetic analysis from the two golden chinquapin populations in 
Washington. Additional leaf samples will be collected from other parts of the species’ range to 
determine the genetic diversity and population structure of: 1) the north-south extent of the 
species’ distribution, and 2) the Washington populations. This project includes partnerships with 
the Washington Department of Natural Resources (WADNR) (chinquapin is present on WADNR 
land on the Olympic Peninsula) and USFS National Forest Genetic Electrophoresis Lab (NFGEL) 
where genetic analysis will be performed. 
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No. Forest Action 

1F OLY ASSESS GENETIC VARIATION AND POPULATION STRUCTURE IN THREE SPECIES WITH SMALL, ISOLATED 

DISJUNCT POPULATIONS: ENGELMANN SPRUCE ON THE OLYMPIC PENINSULA AND NOBLE FIR AND PACIFIC 

SILVER FIR IN THE WILLAPA HILLS. These disjunct populations, as well as a range of populations from 
across the full distribution of the species, should be sampled for genetic analysis. These projects 
would include partnerships with the Olympic National Park, WADNR, and the USDA NFGEL, 
where genetic analysis would be performed. Assessing genetic variation and population structure 
of species with disjunct populations is necessary to determine if these populations are genetically 
distinct from populations within the contiguous part of the species’ distribution.  This information is 
important because these disjunct populations could end up as refugia under predicted climate 
change scenarios or, conversely, they might be more severely impacted because lack of gene 
flow would limit opportunities for immigration of more highly adapted genes from other 
populations. This lack of gene flow could limit their adaptive genetic variation. In either case, it will 
be critical to know whether these populations are genetically distinct as this would lead to 
restrictions on the movement of seed both into and out of them.   

2. Maintain and enhance biodiversity and increase resiliency 

2A GP      
MBS      
OLY 

CONTINUE THE NATIONAL FORESTS’ THINNING PROGRAMS. These programs achieve: 1) promotion of 
greater biodiversity by increasing the proportion of less abundant conifer and hardwood tree 
species, 2) the development of understory vegetation, 3) enhancement of the habitat value 
provided by forest stands, and 4) increased stand resistance and resiliency to disturbance and 
environmental stressors. 

2B* GP      
MBS      
OLY 

CONTINUE TO INCLUDE A VARIETY OF TREE SPECIES IN PLANTING PRESCRIPTIONS, WITH AN EMPHASIS ON 

UNDER-REPRESENTED TREE SPECIES. 

2C OLY PRODUCE AN INTERAGENCY PLAN, INVOLVING THE FOREST SERVICE AND NATIONAL PARK SERVICE, TO MAP 

OCCURRENCES AND EVALUATE MANAGEMENT OPTIONS FOR ROCKY MOUNTAIN JUNIPER ON THE OLYMPIC 

PENINSULA. One product of this plan should be a GIS layer of all known occurrences of this 
species on the Peninsula. Recent genetic research indicates that the Olympic Peninsula and 
Puget Sound Region populations of Rocky Mountain juniper represent a unique species, seaside 
juniper (Juniperus maritima R. P. Adams) (Adams 2007, Adams et al. 2010). Management of this 
species should be re-evaluated in the context of this new information and the potential effects of 
climate change on the species’ habitat. Additional genetic analyses should be conducted, if 
determined necessary, to verify the classification of this species. 

2D OLY DEVELOP A PARTNERSHIP BETWEEN THE FOREST SERVICE, WADNR, AND PRIVATE LANDOWNERS TO MAP, 
CONSERVE, AND RESTORE GOLDEN CHINQUAPIN ON THE OLYMPIC PENINSULA. Golden chinquapin is the 
only Washington tree species currently listed by the Interagency Special Status / Sensitive 
Species Program (USDA/USDI 2011). This effort should include the creation of a GIS layer 
documenting locations of golden chinquapin on the Olympic Peninsula. These disjunct Olympic 
Peninsula populations represent the northernmost occurrence of the species and may be 
genetically different from populations in the contiguous portion of the species’ range (see item 
1E). The Olympic Peninsula populations therefore have the potential to contain adaptive genetic 
variation not present elsewhere in the range of golden chinquapin. 
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2E OLY IN A COLLABORATIVE EFFORT BETWEEN OLYMPIC NATIONAL FOREST AND OLYMPIC NATIONAL PARK, MAP 

OCCURRENCES OF ENGELMANN SPRUCE ON THE OLYMPIC PENINSULA. Engelmann spruce occurs in at 
least one small, disjunct population on the Olympic Peninsula. This population is potentially 
important for the adaptive genetic variation that it may contain. This collaborative effort should 
include field verification of several other reported but unconfirmed occurrences of this species on 
the Olympic Peninsula (see map in appendix 7). 

2F GP CONTINUE TO ACTIVELY MANAGE GOLDEN CHINQUAPIN SITES TO PROMOTE GROWTH AND SURVIVAL OF THE 

SPECIES. As with the Olympic Peninsula populations, these disjunct populations may differ 
genetically from those in the contiguous portion of the species’ range and therefore may contain 
unique adaptive genetic variation. 

2G* OLY 
 

DEVELOP A PILOT PROJECT TO PLANT BLISTER RUST RESISTANT WESTERN WHITE PINE IN GAPS OR OPENINGS 

CREATED IN PRE-COMMERCIALLY THINNED STANDS AND YOUNG-GROWTH STANDS. Planting also could be 
implemented in older young-growth stands in natural openings created by wind and root rot 
pockets with low quantities of competing vegetation. 

2H* OLY EXPAND GENE CONSERVATION COLLECTIONS. Seed from rare species and disjunct populations should 
be collected for long-term ex situ gene conservation. These efforts are already under way for 
whitebark pine, but to-date no collections have been made for other species. Seed should be 
collected and sent to the USDA ARS National Center for Germplasm Preservation in Ft. Collins, 
CO for western Washington populations of Rocky Mountain juniper, golden chinquapin, 
Engelmann spruce, noble fir (from the Willapa Hills), Pacific silver fir (from the Willapa Hills), and 
ponderosa pine. This project would include partnerships with Olympic National Park, WADNR, 
and Dept. of Defense Joint Base Lewis-McChord. 

3. Prepare for the future 

3A* GP      
MBS      
OLY 

PARTNER WITH OTHER LAND MANAGERS IN WESTERN WASHINGTON TO CREATE A VIRTUAL COOPERATIVE 

TREE SEED BANK. This would increase the likelihood that appropriate seed will be available for 
reforestation after large-scale disturbances such as fire or insect outbreaks. Landowners can 
maintain their own seed inventories, but enter in cooperative agreements to share seed in the 
event of a major disturbance. As a first step, Forest Service personnel should form a partnership 
with silviculturists, geneticists, and seed managers from the WADNR and the National Park 
Service and others to develop an approach for sharing information and seed. 

3B* GP      
MBS      
OLY 

MAINTAIN AN INVENTORY OF HIGH-QUALITY SEED FOR TREE SPECIES THAT ARE LIKELY TO BE NEEDED OVER 

THE NEXT 20 YEARS. Place a priority on species that can be planted after disturbance. Accomplish 
this through the following steps: 
• Assess the viability of seed stored at the Forest Service storage facility at JH Stone Nursery 

• Retest viability as needed 
• Discard non-viable seed 
• Update Seed Procurement Plans to include new and replacement collections 

3C OLY MAINTAIN THE DENNIE AHL SEED ORCHARD WHICH SERVES AS A GENE CONSERVATION AREA AND IS THE 

FOREST’S MOST EFFICIENT SOURCE OF HIGH QUALITY TREE SEED FOR DOUGLAS-FIR, PACIFIC SILVER FIR, 
AND RUST RESISTANT WESTERN WHITE PINE. 

3D GP MAINTAIN THE WHITE SALMON, PLANTING CREEK, COYOTE, CISPUS, AND FRENCH BUTTE SEED ORCHARDS 

WHICH SERVE AS GENE CONSERVATION AREAS AND ARE THE FOREST’S MOST EFFICIENT SOURCE OF HIGH 

QUALITY TREE SEED FOR DOUGLAS-FIR, NOBLE FIR AND RUST RESISTANT WESTERN WHITE PINE. 
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3E MBS MAINTAIN THE MCCULLOUGH SEED ORCHARD WHICH SERVES AS GENE CONSERVATION AREAS AND IS THE 

FOREST’S MOST EFFICIENT SOURCE OF HIGH QUALITY TREE SEED FOR DOUGLAS-FIR, NOBLE FIR AND RUST 

RESISTANT WESTERN WHITE PINE. 

3F GP      
MBS      
OLY 

ASSESS SEED VIABILITY OF INDIVIDUAL SELECTED TREE LOTS IN STORAGE. The three national forests in 
western Washington have over 5,000 single tree seedlots from selected trees in storage at the 
Dorena Genetic Resources Center (table A1-21). Many of these seedlots have been in storage for 
one or more decades and their viability is unknown. Viability testing is expensive and time 
consuming so it is impractical to test every seed lot. Geneticists and silviculturists should jointly 
develop a prioritized list of seedlots for viability testing. Priority for testing should be based on 
several factors, including: 1) vulnerability rank of the species, 2) initial (or subsequent) viability 
test results, 3) age of seed, and 4) amount of seed available. Top priority should be given to 
highly vulnerable species, seedlots with low initial viability, older seed, and lots with a large 
amount of seed available.  

* Item is closely aligned with the Washington State Department of Ecology topic advisory group recommendations for genetic 
preservation and development in adapting to climate change (NRWLW 2011). 
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Table A1-26.  Action Items for the Gifford Pinchot National Forest 

No. Action 

 1. Learn about and track changes in plant communities as the climate changes 

1A CONTINUE AND EXPAND THE SURVEY AND MAPPING PROGRAM FOR WHITEBARK PINE, WITH THE PARTICIPATION BY ALL LAND 

MANAGEMENT AGENCIES WITH WHITEBARK PINE HABITAT IN WASHINGTON STATE. This effort should include a refinement 
of the existing state-wide GIS layer of whitebark pine occurrences. Readily accessible data on whitebark pine’s 
present distribution is essential for monitoring and managing the species under climate change and pathogen 
threats. 

1B DEVELOP A CONSERVATION AND MONITORING PLAN FOR THE THREE HIGH ELEVATION TREE SPECIES THAT RANKED HIGHEST 

IN VULNERABILITY TO CLIMATE CHANGE BUT THAT HAVE NOT BEEN MANAGED IN THE PAST: SUBALPINE FIR, MOUNTAIN 

HEMLOCK, AND ALASKA YELLOW-CEDAR. 

1C CATALOG INFORMATION ON ALL KNOWN OFF-SITE FOREST PLANTATIONS ON THE NATIONAL FORESTS, AND CREATE A GIS 

LAYER OF THESE PLANTATIONS. In the past, seed sources used for reforestation were sometimes not well matched 
to the seed zones in which the seedlings were planted. Some of these off-site plantations may now provide 
valuable information on response of trees to climatic stressors comparable to those predicted to occur under 
future climate change scenarios. 

1E MEASURE POPULATION GENETICS OF GOLDEN CHINQUAPIN. Golden chinquapin is one of the four group 3 species 
(table A1-2) and is listed by the US Forest Service as a sensitive species in Washington; however, nothing is 
known about the genetics of this species. To develop a conservation plan for golden chinquapin in Washington, 
it is necessary to know how genetically similar these populations are to the core of the species’ range in 
California and Oregon. In 2010, leaf samples were collected for genetic analysis from the two golden chinquapin 
populations in Washington. Additional leaf samples will be collected from other parts of the species’ range to 
determine the genetic diversity and population structure of: 1) the north-south extent of the species’ distribution, 
and 2) the Washington populations. This project includes partnerships with the Washington Department of 
Natural Resources (WADNR) (chinquapin is present on WADNR land on the Olympic Peninsula) and USFS 
National Forest Genetic Electrophoresis Lab (NFGEL) where genetic analysis will be performed. 

2. Maintain and enhance biodiversity and increase resiliency 

2A CONTINUE THE NATIONAL FORESTS’ THINNING PROGRAMS. These programs achieve: 1) promotion of greater 
biodiversity by increasing the proportion of less abundant conifer and hardwood tree species, 2) the 
development of understory vegetation, 3) enhancement of the habitat value provided by forest stands, and 4) 
increased stand resistance and resiliency to disturbance and environmental stressors. 

2B* CONTINUE TO INCLUDE A VARIETY OF TREE SPECIES IN PLANTING PRESCRIPTIONS, WITH AN EMPHASIS ON UNDER-
REPRESENTED TREE SPECIES. 

2F CONTINUE TO ACTIVELY MANAGE GOLDEN CHINQUAPIN SITES TO PROMOTE GROWTH AND SURVIVAL OF THE SPECIES. As with 
the Olympic Peninsula populations, these disjunct populations may differ genetically from those in the 
contiguous portion of the species’ range and therefore may contain unique adaptive genetic variation. 

3. Prepare for the future 

3A* PARTNER WITH OTHER LAND MANAGERS IN WESTERN WASHINGTON TO CREATE A VIRTUAL COOPERATIVE TREE SEED BANK. 
This would increase the likelihood that appropriate seed will be available for reforestation after large-scale 
disturbances such as fire or insect outbreaks. Landowners can maintain their own seed inventories, but enter in 
cooperative agreements to share seed in the event of a major disturbance. As a first step, Forest Service 
personnel should form a partnership with silviculturists, geneticists, and seed managers from the WADNR and 
the National Park Service and others to develop an approach for sharing information and seed. 
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3B* MAINTAIN AN INVENTORY OF HIGH-QUALITY SEED FOR TREE SPECIES THAT ARE LIKELY TO BE NEEDED OVER THE NEXT 20 

YEARS. Place a priority on species that can be planted after disturbance. Accomplish this through the following 
steps: 
• Assess the viability of seed stored at the Forest Service storage facility at JH Stone Nursery 
• Retest viability as needed 

• Discard non-viable seed 
• Update Seed Procurement Plans to include new and replacement collections 

3D MAINTAIN THE WHITE SALMON, PLANTING CREEK, COYOTE, CISPUS, AND FRENCH BUTTE SEED ORCHARDS WHICH SERVE 

AS GENE CONSERVATION AREAS AND ARE THE FOREST’S MOST EFFICIENT SOURCE OF HIGH QUALITY TREE SEED FOR 

DOUGLAS-FIR, NOBLE FIR AND RUST RESISTANT WESTERN WHITE PINE. 

3F ASSESS SEED VIABILITY OF INDIVIDUAL SELECTED TREE LOTS IN STORAGE. The three national forests in western 
Washington have over 5000 single tree seedlots from selected trees in storage at the Dorena Genetic 
Resources Center (table A1-21). Many of these seedlots have been in storage for one or more decades and 
their viability is unknown. Viability testing is expensive and time consuming so it is impractical to test every seed 
lot. Geneticists and silviculturists should jointly develop a prioritized list of seedlots for viability testing. Priority for 
testing should be based on several factors, including: 1) vulnerability rank of the species, 2) initial (or 
subsequent) viability test results, 3) age of seed, and 4) amount of seed available. Top priority should be given 
to highly vulnerable species, seedlots with low initial viability, older seed, and lots with a large amount of seed 
available.  

* Item is closely aligned with the Washington State Department of Ecology topic advisory group recommendations for genetic 
preservation and development in adapting to climate change (NRWLW 2011). 
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Table A1-27. Action Items for the Mt. Baker-Snoqualmie National Forest 

No. Action 

 1. Learn about and track changes in plant communities as the climate changes 

1A CONTINUE AND EXPAND THE SURVEY AND MAPPING PROGRAM FOR WHITEBARK PINE, WITH THE PARTICIPATION BY ALL LAND 

MANAGEMENT AGENCIES WITH WHITEBARK PINE HABITAT IN WASHINGTON STATE. This effort should include a 
refinement of the existing state-wide GIS layer of whitebark pine occurrences. Readily accessible data on 
whitebark pine’s present distribution is essential for monitoring and managing the species under climate 
change and pathogen threats. 

1B DEVELOP A CONSERVATION AND MONITORING PLAN FOR THE THREE HIGH ELEVATION TREE SPECIES THAT RANKED HIGHEST 

IN VULNERABILITY TO CLIMATE CHANGE BUT THAT HAVE NOT BEEN MANAGED IN THE PAST: SUBALPINE FIR, MOUNTAIN 

HEMLOCK, AND ALASKA YELLOW-CEDAR. 

1C CATALOG INFORMATION ON ALL KNOWN OFF-SITE FOREST PLANTATIONS ON THE NATIONAL FORESTS, AND CREATE A GIS 

LAYER OF THESE PLANTATIONS. In the past, seed sources used for reforestation were sometimes not well matched 
to the seed zones in which the seedlings were planted. Some of these off-site plantations may now provide 
valuable information on response of trees to climatic stressors comparable to those predicted to occur under 
future climate change scenarios. 

2. Maintain and enhance biodiversity and increase resiliency 

2A CONTINUE THE NATIONAL FORESTS’ THINNING PROGRAMS. These programs achieve: 1) promotion of greater 
biodiversity by increasing the proportion of less abundant conifer and hardwood tree species, 2) the 
development of understory vegetation, 3) enhancement of the habitat value provided by forest stands, and 4) 
increased stand resistance and resiliency to disturbance and environmental stressors. 

2B* CONTINUE TO INCLUDE A VARIETY OF TREE SPECIES IN PLANTING PRESCRIPTIONS, WITH AN EMPHASIS ON UNDER-
REPRESENTED TREE SPECIES. 

3. Prepare for the future 

3A* PARTNER WITH OTHER LAND MANAGERS IN WESTERN WASHINGTON TO CREATE A VIRTUAL COOPERATIVE TREE SEED BANK. 
This would increase the likelihood that appropriate seed will be available for reforestation after large-scale 
disturbances such as fire or insect outbreaks. Landowners can maintain their own seed inventories, but enter in 
cooperative agreements to share seed in the event of a major disturbance. As a first step, Forest Service 
personnel should form a partnership with silviculturists, geneticists, and seed managers from the WADNR and 
the National Park Service and others to develop an approach for sharing information and seed. 

3B* MAINTAIN AN INVENTORY OF HIGH-QUALITY SEED FOR TREE SPECIES THAT ARE LIKELY TO BE NEEDED OVER THE NEXT 20 

YEARS. Place a priority on species that can be planted after disturbance. Accomplish this through the following 
steps: 
• Assess the viability of seed stored at the Forest Service storage facility at JH Stone Nursery 
• Retest viability as needed 
• Discard non-viable seed 

• Update Seed Procurement Plans to include new and replacement collections 

3E MAINTAIN THE MCCULLOUGH SEED ORCHARD WHICH SERVES AS GENE CONSERVATION AREAS AND IS THE FOREST’S MOST 

EFFICIENT SOURCE OF HIGH QUALITY TREE SEED FOR DOUGLAS-FIR, NOBLE FIR AND RUST RESISTANT WESTERN WHITE 

PINE. 
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3F ASSESS SEED VIABILITY OF INDIVIDUAL SELECTED TREE LOTS IN STORAGE. The three national forests in western 
Washington have over 5000 single tree seedlots from selected trees in storage at the Dorena Genetic 
Resources Center (table A1-21). Many of these seedlots have been in storage for one or more decades and 
their viability is unknown. Viability testing is expensive and time consuming so it is impractical to test every 
seed lot. Geneticists and silviculturists should jointly develop a prioritized list of seedlots for viability testing. 
Priority for testing should be based on several factors, including: 1) vulnerability rank of the species, 2) initial (or 
subsequent) viability test results, 3) age of seed, and 4) amount of seed available. Top priority should be given 
to highly vulnerable species, seedlots with low initial viability, older seed, and lots with a large amount of seed 
available.  

* Item is closely aligned with the Washington State Department of Ecology topic advisory group recommendations for genetic 
preservation and development in adapting to climate change (NRWLW 2011). 
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Table A1-28. Action Items for the Olympic National Forest 

No. Action 

 1. Learn about and track changes in plant communities as the climate changes 

1A CONTINUE AND EXPAND THE SURVEY AND MAPPING PROGRAM FOR WHITEBARK PINE, WITH THE PARTICIPATION BY ALL LAND 

MANAGEMENT AGENCIES WITH WHITEBARK PINE HABITAT IN WASHINGTON STATE. This effort should include a 
refinement of the existing state-wide GIS layer of whitebark pine occurrences. Readily accessible data on 
whitebark pine’s present distribution is essential for monitoring and managing the species under climate 
change and pathogen threats. 

1B DEVELOP A CONSERVATION AND MONITORING PLAN FOR THE THREE HIGH ELEVATION TREE SPECIES THAT RANKED HIGHEST 

IN VULNERABILITY TO CLIMATE CHANGE BUT THAT HAVE NOT BEEN MANAGED IN THE PAST: SUBALPINE FIR, MOUNTAIN 

HEMLOCK, AND ALASKA YELLOW-CEDAR. 

1C CATALOG INFORMATION ON ALL KNOWN OFF-SITE FOREST PLANTATIONS ON THE NATIONAL FORESTS, AND CREATE A GIS 

LAYER OF THESE PLANTATIONS. In the past, seed sources used for reforestation were sometimes not well matched 
to the seed zones in which the seedlings were planted. Some of these off-site plantations may now provide 
valuable information on response of trees to climatic stressors comparable to those predicted to occur under 
future climate change scenarios. 

1D* MONITOR VEGETATIVE AND REPRODUCTIVE PHENOLOGY IN SEED ORCHARDS. Timing of phenology is closely linked to 
climate, and collecting data on annual phenology and microclimate will allow us to determine if there are trends 
in how trees are responding to annual climate variation. A pilot program will be established in 2011 in the 
Dennie Ahl seed orchard to develop protocols for monitoring phenology in western white pine and Pacific silver 
fir in partnership with Dr. Constance Harrington of PNW Research Station and the WADNR. These two species 
were chosen because: 1) Pacific silver fir had the highest overall vulnerability in our index, 2) these species are 
present in the orchard, and 3) Douglas-fir and western red cedar phenology monitoring has already been 
implemented at the WADNR Meridian Seed Orchard. 

1E MEASURE POPULATION GENETICS OF GOLDEN CHINQUAPIN. Golden chinquapin is one of the four group 3 species 
(table A1-2) and is listed by the US Forest Service as a sensitive species in Washington; however, nothing is 
known about the genetics of this species. To develop a conservation plan for golden chinquapin in Washington, 
it is necessary to know how genetically similar these populations are to the core of the species’ range in 
California and Oregon. In 2010, leaf samples were collected for genetic analysis from the two golden 
chinquapin populations in Washington. Additional leaf samples will be collected from other parts of the species’ 
range to determine the genetic diversity and population structure of: 1) the north-south extent of the species’ 
distribution, and 2) the Washington populations. This project includes partnerships with the Washington 
Department of Natural Resources (WADNR) (chinquapin is present on WADNR land on the Olympic Peninsula) 
and USFS National Forest Genetic Electrophoresis Lab (NFGEL) where genetic analysis will be performed. 

1F ASSESS GENETIC VARIATION AND POPULATION STRUCTURE IN THREE SPECIES WITH SMALL, ISOLATED DISJUNCT 

POPULATIONS: ENGELMANN SPRUCE ON THE OLYMPIC PENINSULA AND NOBLE FIR AND PACIFIC SILVER FIR IN THE WILLAPA 

HILLS. These disjunct populations, as well as a range of populations from across the full distribution of the 
species, should be sampled for genetic analysis. These projects would include partnerships with the Olympic 
National Park, WADNR, and the USDA NFGEL, where genetic analysis would be performed. Assessing 
genetic variation and population structure of species with disjunct populations is necessary to determine if 
these populations are genetically distinct from populations within the contiguous part of the species’ 
distribution.  This information is important because these disjunct populations could end up as refugia under 
predicted climate change scenarios or, conversely, they might be more severely impacted because lack of 
gene flow would limit opportunities for immigration of more highly adapted genes from other populations. This 
lack of gene flow could limit their adaptive genetic variation. In either case, it will be critical to know whether 
these populations are genetically distinct as this would lead to restrictions on the movement of seed both into 
and out of them.   



Appendix 1: Climate Change and Forest Trees in Western Washington  A1-79 

 

 

No. Action 

2. Maintain and enhance biodiversity and increase resiliency 

2A CONTINUE THE NATIONAL FORESTS’ THINNING PROGRAMS. These programs achieve: 1) promotion of greater 
biodiversity by increasing the proportion of less abundant conifer and hardwood tree species, 2) the 
development of understory vegetation, 3) enhancement of the habitat value provided by forest stands, and 4) 
increased stand resistance and resiliency to disturbance and environmental stressors. 

2B* CONTINUE TO INCLUDE A VARIETY OF TREE SPECIES IN PLANTING PRESCRIPTIONS, WITH AN EMPHASIS ON UNDER-
REPRESENTED TREE SPECIES. 

2C PRODUCE AN INTERAGENCY PLAN, INVOLVING THE FOREST SERVICE AND NATIONAL PARK SERVICE, TO MAP 

OCCURRENCES AND EVALUATE MANAGEMENT OPTIONS FOR ROCKY MOUNTAIN JUNIPER ON THE OLYMPIC PENINSULA. One 
product of this plan should be a GIS layer of all known occurrences of this species on the Peninsula. Recent 
genetic research indicates that the Olympic Peninsula and Puget Sound Region populations of Rocky Mountain 
juniper represent a unique species, seaside juniper (Juniperus maritima R. P. Adams) (Adams 2007, Adams et 
al. 2010). Management of this species should be re-evaluated in the context of this new information and the 
potential effects of climate change on the species’ habitat. Additional genetic analyses should be conducted, if 
determined necessary, to verify the classification of this species. 

2D DEVELOP A PARTNERSHIP BETWEEN THE FOREST SERVICE, WADNR, AND PRIVATE LANDOWNERS TO MAP, CONSERVE, 
AND RESTORE GOLDEN CHINQUAPIN ON THE OLYMPIC PENINSULA. Golden chinquapin is the only Washington tree 
species currently listed by the Interagency Special Status / Sensitive Species Program (USDA/USDI 2011). 
This effort should include the creation of a GIS layer documenting locations of golden chinquapin on the 
Olympic Peninsula. These disjunct Olympic Peninsula populations represent the northernmost occurrence of 
the species and may be genetically different from populations in the contiguous portion of the species’ range 
(see item 1E). The Olympic Peninsula populations therefore have the potential to contain adaptive genetic 
variation not present elsewhere in the range of golden chinquapin. 

2E IN A COLLABORATIVE EFFORT BETWEEN OLYMPIC NATIONAL FOREST AND OLYMPIC NATIONAL PARK, MAP OCCURRENCES 

OF ENGELMANN SPRUCE ON THE OLYMPIC PENINSULA. Engelmann spruce occurs in at least one small, disjunct 
population on the Olympic Peninsula. This population is potentially important for the adaptive genetic variation 
that it may contain. This collaborative effort should include field verification of several other reported but 
unconfirmed occurrences of this species on the Olympic Peninsula (see map in appendix 7). 

2G* DEVELOP A PILOT PROJECT TO PLANT BLISTER RUST RESISTANT WESTERN WHITE PINE IN GAPS OR OPENINGS CREATED IN 

PRE-COMMERCIALLY THINNED STANDS AND   YOUNG-GROWTH STANDS. Planting also could be implemented in older 
young-growth stands in natural openings created by wind and root rot pockets with low quantities of competing 
vegetation. 

2H* EXPAND GENE CONSERVATION COLLECTIONS. Seed from rare species and disjunct populations should be collected 
for long-term ex situ gene conservation. These efforts are already under way for whitebark pine, but to-date no 
collections have been made for other species. Seed should be collected and sent to the USDA ARS National 
Center for Germplasm Preservation in Ft. Collins, CO for western Washington populations of Rocky Mountain 
juniper, golden chinquapin, Engelmann spruce, noble fir (from the Willapa Hills), Pacific silver fir (from the 
Willapa Hills), and ponderosa pine. This project would include partnerships with Olympic National Park, 
WADNR, and Dept. of Defense Joint Base Lewis-McChord. 
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3. Prepare for the future 

3A* PARTNER WITH OTHER LAND MANAGERS IN WESTERN WASHINGTON TO CREATE A VIRTUAL COOPERATIVE TREE SEED BANK. 
This would increase the likelihood that appropriate seed will be available for reforestation after large-scale 
disturbances such as fire or insect outbreaks. Landowners can maintain their own seed inventories, but enter in 
cooperative agreements to share seed in the event of a major disturbance. As a first step, Forest Service 
personnel should form a partnership with silviculturists, geneticists, and seed managers from the WADNR and 
the National Park Service and others to develop an approach for sharing information and seed. 

3B* MAINTAIN AN INVENTORY OF HIGH-QUALITY SEED FOR TREE SPECIES THAT ARE LIKELY TO BE NEEDED OVER THE NEXT 20 

YEARS. Place a priority on species that can be planted after disturbance. Accomplish this through the following 
steps: 
• Assess the viability of seed stored at the Forest Service storage facility at JH Stone Nursery 
• Retest viability as needed 
• Discard non-viable seed 

• Update Seed Procurement Plans to include new and replacement collections 

3C MAINTAIN THE DENNIE AHL SEED ORCHARD WHICH SERVES AS A GENE CONSERVATION AREA AND IS THE FOREST’S MOST 

EFFICIENT SOURCE OF HIGH QUALITY TREE SEED FOR DOUGLAS-FIR, PACIFIC SILVER FIR, AND RUST RESISTANT WESTERN 

WHITE PINE. 

3F ASSESS SEED VIABILITY OF INDIVIDUAL SELECTED TREE LOTS IN STORAGE. The three national forests in western 
Washington have over 5000 single tree seedlots from selected trees in storage at the Dorena Genetic 
Resources Center (table A1-21). Many of these seedlots have been in storage for one or more decades and 
their viability is unknown. Viability testing is expensive and time consuming so it is impractical to test every seed 
lot. Geneticists and silviculturists should jointly develop a prioritized list of seedlots for viability testing. Priority 
for testing should be based on several factors, including: 1) vulnerability rank of the species, 2) initial (or 
subsequent) viability test results, 3) age of seed, and 4) amount of seed available. Top priority should be given 
to highly vulnerable species, seedlots with low initial viability, older seed, and lots with a large amount of seed 
available.  

* Item is closely aligned with the Washington State Department of Ecology topic advisory group recommendations for genetic 
preservation and development in adapting to climate change (NRWLW 2011). 
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INTRODUCTION 
Climate change projections for the Pacific Northwest 
include year-round warming and potentially increased 
winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009). The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). However, there is a 
limited amount of information on climatic tolerance 
for many tree species and even less information on 
what complex interactions could result from 
ecosystem-wide exposure to a changing environment. 

   

OUR GOAL 
The goals of this analysis are to conduct a climate 
change vulnerability assessment of forest tree species 
and propose practical management actions that will 
work under a variety of future climate scenarios and 
can be implemented by the national forests in 
northwestern Oregon in cooperation with other land 
managers. 

 

 

OBJECTIVES 
The specific objectives of this analysis are to: 

1. Assess the relative vulnerability of forest tree 
species to projected climate changes. 

2. Recommend actions that will improve 
understanding of changes taking place among tree 
species, maintain and increase biodiversity and 
increase resiliency, and prepare for an uncertain 
future. 

3. Collaborate in the implementation of these actions 
with other land managers in northwestern Oregon. 
 
 

FORESTS OF NORTHWESTERN 
OREGON  
The study area consists of the forests and woodlands 
of northwestern Oregon. The eastern boundary of the 
study area is based on the eastern edges of the Mt. 
Hood and Willamette National Forests but also 
includes the Columbia River Gorge National Scenic 
Area and Warm Springs Indian Reservation (map at 
top of next page). The southern boundary of the study 
area was based on the southernmost latitude of the 
Willamette National Forest. The western and northern 
study area boundaries follow the state line, with the 
exception of the Columbia River Gorge National 
Scenic Area, which includes a portion of Washington. 

The northwestern Oregon study area includes a total of 
13.7 million acres (5.5 million ha). The Mt. Hood, 
Siuslaw, and Willamette National Forests comprise 
1.1, 0.6, and 1.7 million acres (0.4, 0.3, and 0.7 million 
ha), respectively, for a total of 3.3 million acres (1.3 
million ha). On these three national forests are 
approximately 715,000 acres (290,000 ha) of 
designated wilderness, most of which are on the Mt. 
Hood and Willamette National Forests.  

Vegetation management on northwestern Oregon’s 
national forests is conducted to meet a wide variety of 
objectives designed to diversify and improve forest 
structure. On the Mt. Hood, Siuslaw, and Willamette 
National Forests, respectively, averages of 2,600;  

 
How can the national forests in 
northwestern Oregon conserve 
biodiversity and increase 
resiliency given the predicted 
changes in temperature and 
precipitation? 
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4,500; and 3,040 ac (1,050; 1,820; and 1,230 ha) of 
forest land were thinned annually during 2008-2010.  

On the Mt. Hood, Siuslaw, and Willamette National 
Forests, respectively, averages of 280, 375, and 920 ac 
(115, 150, and 370 ha) of forest land were planted 
annually during 2008-2010. Species planted on the Mt. 
Hood National Forest include Douglas-fir, noble fir, 
ponderosa pine, and western larch; most planting 
prescriptions also include approximately 20 percent 
western white pine. On the Siuslaw National Forest, 
planting of western redcedar and western hemlock, as 
well as a smaller amount of Douglas-fir, is typically 
conducted in coordination with stand thinning for the 
purpose of meeting late successional reserve structural 
objectives. The Willamette National Forest plants 
Douglas-fir, western white pine, and western redcedar, 
usually in created gaps or riparian restoration projects. 

FOREST TREE SPECIES 
We organized the tree species of northwestern Oregon 
into two groups (see box on next page). Group 1 

consists of 22 overstory tree species that are common 
in major portions of northwestern Oregon and are thus 
important components of the forest canopy and overall 
forest structure. These group 1 species are a major 
focus of this report because changes in their 
distribution or health could affect forest structure and 
habitat at a broad scale. Group 2 includes trees that are 
not significant components of the forest canopy owing 
to small size or to limited occurrence in northwestern 
Oregon; these species may occur infrequently across 
broad areas or may be common within a limited 
habitat. 

We created distribution maps for all tree species of 
northwestern Oregon to show documented occurrences 
using the latest available data (appendix 7; example 
below). 

Drawing on information from a variety of published 
sources, we compiled profiles of the northwestern 
Oregon tree species (appendix 8). These profiles 
emphasize biological and ecological characteristics 
that were deemed relevant to the trees’ potential 
adaptation to predicted changes in climate.  
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FOREST TREE VULNERABILITY 
ASSESSMENT 

Methods 

A vulnerability assessment is a systematic process of 
identifying and quantifying the areas of vulnerability 
within a system (Glick and Stein 2010), or in this case, 
forest tree species. Our objectives for vulnerability 
assessment were to: (1) select a method that is 
straightforward to apply, transparent, flexible, and 
provides for easy application of sensitivity analysis; 
and (2) rank the tree species of group 1 according to 
their vulnerability to climate change impacts. 

After testing several methods, we chose the Forest 
Tree Genetic Risk Assessment System, which rates 
each species according to intrinsic attributes and 
external threats that can influence the species’ 
vulnerability to climate change (Potter and Crane 
2010). We ranked tree species for a number of 
characteristics organized into five risk factors: 
distribution, reproductive capacity, habitat affinity, 
adaptive genetic variation, and threats from insects and 
disease. Each risk factor contained multiple variables 
quantifying each tree species’ vulnerability to climate 
change. 

We calculated an overall climate change vulnerability 
score (0 to 100) for each species by averaging the five 
risk factors, which were weighted equally. A higher 
score indicates higher climate change vulnerability as 
measured by these risk factors. 

  

NATIVE TREE SPECIES OF NORTHWESTERN 
OREGON 

Group 1: Widespread forest canopy species 

Alaska yellow-cedar 
Bigleaf maple 
Black cottonwood 
Douglas-fir 
Engelmann spruce 
Grand fir 
Lodgepole pine 
Mountain hemlock 
Noble fir 
Oregon white oak 
Pacific silver fir 
Ponderosa pine 
Red alder 
Shore pine 
Sitka spruce 
Subalpine fir 
Sugar pine 
Western hemlock 
Western larch 
Western redcedar 
Western white pine 
Whitebark pine 

Group 2: Less common or non-canopy species 

Bitter cherry 
Cascara 
Douglas maple 
Golden chinquapin 
Incense-cedar 
Oregon ash 
Pacific dogwood 
Pacific madrone 
Pacific willow 
Pacific yew 
Scouler’s willow 
Western crab apple 
White alder 
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Group 1 Tree Species 

Several trends were evident in the vulnerability scores: 

• Among the 22 group 1 tree species, overall 
vulnerability scores ranged from 17 to 77 
(lowest and highest scores possible were 0 and 
100, respectively). When species were ranked 
by score, the scores were distributed relatively 
evenly, with the largest gaps between scores 
occurring among species ranked near both 
ends of the scale.  

• The most common low- to mid-elevation 
conifers, Douglas-fir, western hemlock, and 
western redcedar, all were in the lower half of 
the vulnerability ranking. 

• Three of the four broadleaf species occurred 
low in the ranking. The fourth, Oregon white 
oak, ranked near the middle. 

• For the species that shared a common genus, 
the four true firs were generally ranked near 
the top, whereas the six pines showed no 
pattern in ranking. 

• Vulnerability of tree species generally 
increased with mean elevation of their 
occurrences. With the exception of western 
white pine, all species with mean elevations of 
3,800 ft (1,160 m) or higher had overall 
vulnerability scores greater than 50. 

 
  

Results: Group 1 species (widespread forest 
canopy trees) of northwestern Oregon, ranked by 
overall climate change vulnerability score; higher 
scores indicate greater vulnerability 

Tree species 
Overall vulnerability 

score 
Subalpine fir 77 

Whitebark pine 67 

Pacific silver fir 66 

Mountain hemlock 60 

Noble fir 60 

Alaska yellow-cedar 59 

Sugar pine 59 

Grand fir 59 

Lodgepole pine 56 

Engelmann spruce 55 

Oregon white oak 54 

Western larch 52 

Western hemlock 52 

Bigleaf maple 50 

Ponderosa pine 46 

Douglas-fir 41 

Western white pine 39 

Sitka spruce 39 

Red alder 38 

Western redcedar 36 

Black cottonwood 27 

Shore pine 17 
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Group 2 Tree Species 

Group 2 tree species were predominantly non-
commercial, and, relative to group 1 species, little 
biological information was available for many of 
them. Therefore, instead of a formal vulnerability 
assessment, we examined general habitat requirements 
and reproductive characteristics relevant to climate 
change vulnerability. Implications for these species 
under a warming climate include: 

• Based on projections of increased summer 
moisture deficit, the group 2 tree species that 
are highly drought-tolerant may become more 
competitive in areas presently dominated by 
less drought-tolerant tree species.  

• The group 2 species that often colonize 
disturbed sites near streams and rivers (i.e., the 
willow species, white alder, and Oregon ash) 
may have increased opportunity for 
establishment under climate scenarios in 
which snowmelt and precipitation patterns 

increase major flood events, which create new 
habitat for them. 

• Many group 2 tree species are insect-
pollinated or produce seed that is dispersed by 
animals; thus, these species are vulnerable to 
changes in animal behavior associated with 
climate. However, vulnerability is likely to 
differ among these tree species based on 
number of animal associates and the 
specificity of the relationships.  

 

Recommendations 
The recommendations developed during the course of this project fall into three categories: 

1. Learn about and track changes in plant communities as the climate changes. Collect 
baseline data where needed. Monitor the impacts of a warming climate on the distribution 
and health of forest tree species. Look for triggers, such as an increase in the frequency of 
large-scale disturbance, which will indicate a need to change our management approach. 

2. Maintain and increase biodiversity and increase resiliency. Focus on increasing stand 
diversity of native forest trees through thinning and planting. Increase disease resistance. 
Preserve genetic diversity, especially of isolated populations, and implement ex situ gene 
conservation where appropriate. 

3. Prepare for the future. Given uncertainty about how climate changes will unfold, a 
number of future scenarios are possible. Select activities that will work under a variety of 
scenarios including a potential increase in disturbances such as fires, wind storms, and 
floods, which could be followed by greater spread of invasive plant species. 
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ACTION ITEMS BASED ON THE RESULTS OF THE 
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

NORTHWESTERN OREGON 

1. Learn about and track changes in plant communities as the climate changes 

 
 Continue and expand the survey and mapping program for whitebark pine, with 

participation by all land management agencies with whitebark pine habitat in 
Oregon.  
Readily accessible data on whitebark pine’s present distribution is essential for 
monitoring and managing the species under climate change and pathogen threats. 
(Item refers only to Mt. Hood and Willamette National Forests.) 
 

 Develop a conservation and monitoring plan for the high-elevation tree species 
that ranked highest in vulnerability to climate change but that have not been 
managed in the past: subalpine fir, mountain hemlock, and Alaska yellow-
cedar. 
 

 Catalog information on all known off-site forest plantations on the national 
forests, and create a GIS layer of these plantations.  
In the past, seed sources used for reforestation were sometimes not well-matched to 
the seed zones in which the seedlings were planted. Some of these off-site 
plantations may now provide valuable information on response of trees to climatic 
stressors comparable to those predicted to occur under future climate change 
scenarios. 
 

 Monitor vegetative and reproductive phenology in seed orchards.  
Timing of phenology is closely linked to climate, and collecting data on annual 
phenology and microclimate will allow us to determine if there are trends in how trees 
are responding to annual climate variation. 
 

 Assess genetic variation and population structure in two species with disjunct 
populations in the Coast Range: Pacific silver fir and noble fir.  
This information is important because these disjunct populations may act as refugia 
under predicted climate change scenarios or, conversely, they might be more 
severely impacted because lack of gene flow would limit opportunities for immigration 
of more highly adapted genes from other populations. 

 
 
 
 
 
Note: full details of each action item appear in table A2-24 in this appendix. 



A2-12 Appendix 2: Climate Change and Forest Trees in Northwestern Oregon 
 

  ACTION ITEMS BASED ON THE RESULTS OF THE 
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

NORTHWESTERN OREGON 
 
2. Maintain and enhance biodiversity and increase resiliency 
 

 Continue the national forests’ thinning programs. 
These programs achieve: (1) promotion of greater biodiversity by increasing the 
proportion of less abundant conifer and hardwood tree species, (2) the development 
of understory vegetation, (3) enhancement of the habitat value provided by forest 
stands, and (4) increased stand resistance and resiliency to disturbance and 
environmental stressors. 
 

 Continue to include a variety of tree species in planting prescriptions, with an 
emphasis on under-represented tree species. 
 

 Expand gene conservation collections. 
Seed from rare species and disjunct populations should be collected for long-term ex 
situ gene conservation. These efforts are already under way for whitebark pine, but to 
date no collections have been made for other species. Seed should be collected and 
sent to the USDA Agricultural Research Service National Center for Germplasm 
Preservation in Ft. Collins, CO, for Coast Range populations of Pacific silver fir and 
noble fir. This project would include a partnership with ODF. 

 

3. Prepare for the future 
 

 Partner with other land managers in northwestern Oregon to create a virtual 
cooperative tree seed bank. 
This would increase the likelihood that appropriate seed will be available for 
reforestation after large-scale disturbances such as fire or insect outbreaks. 
Landowners can maintain their own seed inventories, but enter in cooperative 
agreements to share seed in the event of a major disturbance.  
 

 Maintain an inventory of high-quality seed for tree species that are likely to be 
needed over the next 20 years.  
Place a priority on species that can be planted after disturbance. 
 

 Maintain forest tree seed orchards. 
These serve as gene conservation areas and are the national forests’ most efficient 
source of high quality tree seed. 
 

 Assess seed viability of individual selected tree lots in storage. 
The three national forests in northwestern Oregon have at least 11,344 single tree 
seedlots from selected trees in storage at the Dorena Genetic Resources Center. 
Many of these seedlots have been in storage for one or more decades and their 
viability is unknown. 



Appendix 2: Climate Change and Forest Trees in Northwestern Oregon         A2-13 
 

  

 
 
 
 
 

INTRODUCTION 
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ASSESSING CLIMATE CHANGE 
EFFECTS ON PACIFIC 
NORTHWEST VEGETATION 
Anthropogenic climate change is a great challenge to 
sustainable management of forests and grasslands 
because the rate of climatic change will likely exceed 
some species’ capability to adapt, which in turn will 
alter plant communities and ecosystems. Climate 
change projections for the Pacific Northwest show 
year-round warming, and some models indicate 
increased winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009).  The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). The effects of long-
term climate changes on the composition and structure 
of northwestern Oregon’s plant communities are 
difficult to predict. There is a limited amount of 
information on the climatic tolerances of many species 
and even less information on what complex 
interactions could result from ecosystem-wide 
exposure to a changing environment. 

In 2008, a study was initiated to determine how best to 
adapt federal land management on the Olympic 
Peninsula, Washington, to enhance the resiliency of 
federal lands to the effects of climate change 
(Halofsky et al. 2011). The 
Olympic Climate Change Case 
Study—a partnership of the U.S. 
Department of Agriculture 
(USDA), Forest Service, Pacific 
Northwest Research Station and 
Olympic National Forest, with the 
U.S. Department of Interior 

(USDI), National Park Service, Olympic National 
Park—examined hydrological processes and 
management of vegetation, fish and wildlife habitat, 
and roads to determine strategies and actions for 
adaptation to climate change. The adaptation strategies 
for managing vegetation under climate change 
included gene conservation, disease resistance, 
increasing biodiversity through planting and thinning, 
and increasing preparedness for large disturbances 
including potential increases in invasive species. 

Following the Olympic Climate Change Case Study, 
the present effort was launched to address the 
projected effects of climate change on vegetation, 
specifically forest trees and vulnerable non-forested 
habitats. In the first phase of this project, the area of 
analysis was western Washington state, with an 
emphasis on the Olympic, Mt. Baker-Snoqualmie, and 
Gifford-Pinchot National Forests (Aubry et al. 2011). 
Subsequent phases of the project include all forested 
areas of Washington and Oregon (Forest Service 
Pacific Northwest Region), divided into a total of six 
subregional study areas (table A2-1; fig. A2-1). These 
six study areas were delineated so that each phase of 
the analysis could focus on the species and 
management issues unique to each area. The 
northwestern Oregon study area includes the Mt. 
Hood, Siuslaw, and Willamette National Forests (fig. 
A2-2). In this report, we assess the vulnerabilities of 
the forest and woodland trees within the study area; 
vulnerabilities of non-forested habitats will be 
addressed separately in a subsequent report. 

Table A2-1. Phases of the Climate Change and Forest Trees project 

Phase National forests 
Western Washington Gifford Pinchot, Mt. Baker-Snoqualmie, Olympic 

Northwestern Oregon Mt. Hood, Siuslaw, Willamette 

Eastern Washington Colville, Okanogan-Wenatchee 

Eastern Oregon Malheur, Umatilla, Wallowa-Whitman 

Central Oregon Deschutes, Fremont-Winema, Ochoco 

Southwestern Oregon Rogue River-Siskiyou, Umpqua 
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This work focuses on two central questions: (1) how 
may climate change affect forest tree species? and (2) 
what are the management implications of these 
potential impacts? Biodiversity is often viewed from a 
global perspective (Wilson 1988), but in this analysis 
biodiversity is defined as the “genetic variation within 
species, the variety of species in an area, and the 
variety of habitat types within a landscape” (Duffy and 
Lloyd 2010). As components of biodiversity, 
individual species, habitats, and ecosystems can be 
conservation targets for vulnerability assessments 
(Glick and Stein 2010). It is 
critical to address the effects of a 
changing climate at the level of 
individual plant species because 
individual species respond 
differently to climate, with 
potential shifts in distribution 
resulting in novel species 
associations (Lovejoy and 
Hannah 2005, Williams et al. 
2007). This analysis includes a 
vulnerability assessment 
conducted at the level of 
individual tree species. The 
purpose of the vulnerability 
assessment was to identify tree 
species that are most vulnerable 
to the projected changes in 
climate and thus assist managers 
in more efficiently allocating 
limited resources. 

The target audience for this 
report is vegetation managers on 
the Mt. Hood, Siuslaw, and 
Willamette National Forests; the 
management options presented 
are based on the tools available 
to managers of National Forest 
System lands. However, this 
report also will provide useful 

information for other land managers in the Pacific 
Northwest who manage, restore, and conserve forests 
and woodlands under a changing climate. Land 
managers in other parts of the country will find that 
the methods used here can be applied to their plant 
communities using local information. Researchers will 
find signposts to the many questions yet to be 
answered concerning the impacts of climate change 
not only on forests and terrestrial habitats, but also on 
fundamental biological processes. 

 

Figure A2-1. Boundaries of the six study areas 
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Figure A2-2. Major land ownerships of northwestern Oregon 



Appendix 2: Climate Change and Forest Trees in Northwestern Oregon         A2-17 
 

THE STUDY AREA: 
NORTHWESTERN OREGON 
The study area consists of the forests and woodlands 
of northwestern Oregon. The eastern boundary of the 
study area is based on the eastern edges of the Mt. 
Hood and Willamette National Forests but also 
includes the Columbia River Gorge National Scenic 
Area and Warm Springs Indian Reservation (fig. A2-
2). The southern boundary of the study area was based 
on the southernmost latitude of the Willamette 
National Forest. The western and northern study area 
boundaries follow the state line, with the exception of 
the Columbia River Gorge National Scenic Area, 
which includes a portion of Washington. 

The northwestern Oregon study area includes a total of 
13.7 million acres (5.5 million ha). The Mt. Hood, 
Siuslaw, and Willamette National Forests comprise 
1.1, 0.6, and 1.7 million acres (0.4, 0.3, and 0.7 million 
ha), respectively, for a total of 3.3 million acres (1.3 
million ha). On these three national forests are 
approximately 715,000 acres (290,000 ha) of 
designated wilderness, most of which are on the Mt. 
Hood and Willamette National Forests. Although this 
report emphasizes National Forest System lands, the 
climate change vulnerability analysis presented here 
considers the full distribution of tree species within the 
study area, across all land ownerships.  

MANAGEMENT OF THE 
NATIONAL FORESTS 
Management of the National Forest System lands of 
northwestern Oregon has been guided by the 
Northwest Forest Plan (NWFP) since its adoption in 
1994 (Moeur et al. 2005). Therefore, any management 
actions in response to anticipated changes in climate 
will be influenced by the NWFP. The NWFP was 
created with the vision of protecting forest habitat 
while simultaneously ensuring a sustainable supply of 
timber products. The plan was developed with a 
primary focus on late successional dependent species 

and aquatic habitat after a management impasse 
occurred when the northern spotted owl (Strix 
occidentalis caurina) was designated threatened under 
the Endangered Species Act. The 1994 Record of 
Decision amends the planning documents of lands 
administered by the USDA Forest Service and the 
USDI Bureau of Land Management (BLM) within the 
range of the northern spotted owl. The NWFP 
established a system of standards and guidelines to 
provide habitat management direction for these 
agencies. The area covered by the NWFP is assigned 
to various land allocations (table A2-2), each with 
standards and guidelines based on specific objectives. 
Figures A2-3 through A2-5 show NWFP land 
allocation classes within northwestern Oregon’s 
national forests. The congressional reserves class 
includes National Forest wilderness areas and other 
areas where timber is not harvested. Similarly, 
administratively withdrawn areas are lands previously 
designated for non-timber uses, and include recreation 
and visual areas. On late successional reserves, the 
objective is to protect and enhance conditions of late 
successional habitat, while on riparian reserves (not 
mapped), riparian-dependent resources are 
emphasized. Adaptive management areas are 
designated for testing new management approaches to 
achieve ecological and economic health. Adaptive 
management reserves are adaptive management areas 
within the boundaries of late successional reserves. 
Timber harvest may potentially occur in adaptive 
management areas and on matrix land, and young 
forests in managed late successional reserves may be 
thinned. 

Vegetation Management 

Vegetation management on northwestern Oregon’s 
national forests is conducted to meet a wide variety of 
objectives designed to diversify and improve forest 
structure. On the Mt. Hood, Siuslaw, and Willamette 
National Forests, respectively, averages of 4,000; 
2,800; and 6,800 ac (1,600; 1,100; and 2,800 ha) of 
forest land were thinned annually from 2008 to 2010. 
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Pre-commercial and commercial thinning are applied 
under objectives that include improving wildlife 
habitat and increasing stand health and vigor. 

On the Mt. Hood, Siuslaw, and Willamette National 
Forests, respectively, averages of 280, 375, and 920 ac 
(115, 150, and 370 ha) of forest land were planted 
annually from 2008 to 2010. The Mt. Hood National 
Forest has a reforestation program and also conducts a 
limited amount of post-fire planting. Species planted 
include Douglas-fir, noble fir, ponderosa pine, and 
western larch; most planting prescriptions also include 

approximately 20 percent western white pine. On the 
Siuslaw National Forest, planting of redcedar and 
western hemlock, as well as a smaller amount of 
Douglas-fir, is typically conducted in coordination 
with stand thinning for the purpose of meeting late 
successional reserve structural objectives. The 
Willamette National Forest plants Douglas-fir, western 
white pine, and western redcedar, usually in created 
gaps or as part of riparian restoration projects. 

 

       

Table A2-2. Allocation of Northwest Forest Plan land on three national forests in northwestern Oregon 
(data from 2002 map revision) 

 Allocation (percentage within each national forest) 

Designation Mt. Hood Siuslaw Willamette 
Congressional reserves (includes wilderness areas) 19 

 
4 24 

Late successional reserves 27 57 23 

Administratively withdrawn areas 7 5 7 

Adaptive management areas 0 7 8 

Adaptive management reserve1 0 14 1 

Matrix and other 47 12 37 

Not designated under the Northwest Forest Plan 0 1 0 

Note: riparian reserves have not been fully mapped and thus allocation data are not included here; administratively withdrawn 
areas should be regarded as a partial dataset, as data are not available for all of these areas. 
1 Late successional reserves within adaptive management areas. 
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Figure A2-3. Northwest Forest Plan 
land allocations for the Mt. Hood 
National Forest 
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Figure A2-4. Northwest Forest Plan 
land allocations for the Siuslaw 
National Forest 
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Figure A2-5. Northwest Forest Plan 
land allocations for the Willamette 
National Forest 
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FORESTS OF NORTHWESTERN 
OREGON 
Northwestern Oregon includes a wide range of forest 
types associated with its diverse physiography. The 
major forest types can be classified according to 
potential natural vegetation zones (Henderson 2009): 
the climax vegetation types predicted to develop under 
the current climate in the absence of disturbance. 
Potential natural vegetation zones for the three 
national forests of northwestern Oregon are shown in 
figures A2-6 through A2-8. However, given projected 
changes in climate, future zones are likely to differ 
from those shown for the current climate. 

Most forests of northwestern Oregon are dominated by 
evergreen conifers, with broadleaf tree species most 
prevalent in riparian and disturbed areas. In general, 
evergreen conifers in this region have a competitive 
advantage over the typically deciduous broadleaf trees. 
Evergreens are able to maintain photosynthesis and 
growth during the mild, moist winters when deciduous 
tree species are dormant (Waring and Franklin 1979). 

Close to the Pacific Ocean, where the maritime climate 
is exceptionally mild and moist, the forests are 
dominated by Sitka spruce, western hemlock, and 
western redcedar. Red alder is an important early 
successional species, especially on flood plains, 
whereas bigleaf maple is the most common broadleaf 
tree to persist in these forests beyond the early 
successional stages. In coastal habitats, shore pine may 
be prevalent on wet, boggy sites and on dunes. 

The majority of the lower-elevation conifer forests in 
northwestern Oregon are classified as the western 
hemlock type, as the canopy will eventually be 
dominated by this shade-tolerant climax species after 
centuries without disturbance (Franklin and Dyrness 
1973). The western hemlock forest type is more 
typically characterized by stands of even-aged 
Douglas-fir, the predominant lower-elevation tree 
species in the region. Most of these Douglas-fir stands 
present today regenerated following past timber 

harvesting, although historically, wildfire and 
windstorms were the predominant types of stand-
replacing disturbances. At the highest elevations in 
Oregon’s Coast Range, Pacific silver fir and noble fir 
occur to a limited extent. 

In the Willamette Valley, which runs north/south 
through the center of the study area, scattered 
woodlands and forests occur in an area heavily 
influenced by human activity. Prior to European 
settlement during the 1800s, portions of the 
Willamette Valley was maintained as prairie and 
savanna by frequent, low-intensity fires set by Native 
Americans (Agee 1993). Among the most prevalent 
tree species today are Oregon white oak and Douglas-
fir, although grand fir and ponderosa pine also are 
present. Other broadleaf species common in the 
Willamette Valley include bigleaf maple, red alder, 
black cottonwood, Oregon ash, and Pacific madrone. 

In the mid-elevation forests on the western slopes of 
the Cascade Range, Pacific silver fir is the primary 
climax tree species (Franklin and Dyrness 1973). 
Douglas-fir, western hemlock, and noble fir are typical 
early successional species, but after several centuries 
without a stand-replacing disturbance, Pacific silver fir 
becomes increasingly prevalent. Depending on 
elevation, western hemlock and mountain hemlock 
may occur as minor late-successional associates (Agee 
1993). 

The highest-elevation forest type west of the Cascade 
crest is the mountain hemlock climax forest. Pacific 
silver fir and, occasionally, Alaska yellow-cedar also 
may occur in this type as climax species (Franklin and 
Dyrness 1973). Mountain hemlock, Pacific silver fir, 
and subalpine fir often occur as early successional 
species, although forest composition varies 
significantly depending on moisture availability. At 
high elevations east of the Cascade Range crest, 
subalpine fir and Engelmann spruce become more 
common as climax species. Lodgepole pine, whitebark 
pine, and subalpine larch are common early 
successional species in these forests. 
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Figure A2-6. Potential natural vegetation (PNV) zones 
of the Mt. Hood National Forest area, northwestern 
Oregon (Henderson 2009) 
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Figure A2-7. Potential natural vegetation (PNV) zones 
of the Siuslaw National Forest area, northwestern 
Oregon (Henderson 2009) 
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Figure A2-8. Potential natural vegetation (PNV) zones 
of the Willamette National Forest area, northwestern 
Oregon (Henderson 2009) 

 

Figure A2-8. Potential natural vegetation (PNV) zones 
of the Willamette National Forest area, northwestern 
Oregon (Henderson 2009) 
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GOALS, ASSESSMENT 
TARGETS, AND OBJECTIVES 
The goal of this analysis is to conduct an assessment 
of the vulnerability of individual forest tree species to 
climate change. An understanding of which tree 
species are most vulnerable will assist managers in 
efficiently allocating limited resources to the 
management of these species. Forest trees are the first 
priority for analysis of climate change impacts on 
individual plant species because trees provide stand 
structure and dictate the composition of plant 
communities in the forests of the Pacific Northwest. 
Many tree species also have high economic or cultural 
value. Because trees are long-lived and have long 
generational intervals, tree species may be slower to 
adapt and migrate and thus may be more at risk to 
changes in climate than forb or grass species. Grasses, 
forbs, and shrubs that are at risk because of habitat loss 
or other factors (though not specifically because of 
climate change) are protected, monitored, and often 
restored under the Endangered Species Act and the 
Interagency Special Status/Sensitive Species Program 
(ISSSSP) (USDA/USDI 2011). 

Whitebark pine is the only tree species in northwestern 
Oregon that has been considered for federal protection. 
In July 2011, the USDI Fish and Wildlife Service 
announced a 12-month finding on the petition to list 
whitebark pine as threatened or endangered (USDI 
FWS 2011). The Fish and Wildlife Service found that 
listing whitebark pine as threatened or endangered was 
warranted but that listing as such was “precluded by 
higher priority actions to amend the Lists of 
Endangered and Threatened Wildlife and Plants” 
(USDI FWS 2011). Therefore, the species was added 
to the candidate list, and the Fish and Wildlife Service 
is developing a proposed rule to list whitebark pine 
when “priorities and funding will allow” (USDI FWS 
2011). The proposed listing rule will include any 
determination on critical habitat. 

Objectives 

The specific objectives of this project are to: 

• Assess the relative vulnerability of forest tree 
species to projected climate changes. 

• Recommend actions that will: 
o improve understanding of changes taking 

place among tree species,  
o maintain and increase forest biodiversity 

and increase resiliency, and 
o prepare for an uncertain future. 

• Collaborate in the implementation of these 
actions with the other major public land 
management agencies in northwestern 
Oregon: the Bureau of Land Management, the 
Oregon Department of Forestry, and Warm 
Springs Indian Reservation. 
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THE TREE SPECIES OF  
NORTHWESTERN OREGON 
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INTRODUCTION 
This report focuses on the tree species that are native 
to northwestern Oregon. Here, we define trees as 
woody perennials capable of producing a single stem 
with apical dominance and reaching at least 20 ft (6 m) 
in height. Of the 35 native tree species occurring in 
northwestern Oregon (table A2-3), 20 are coniferous 
and 15 are broadleaf species. The pines (Pinus spp.) 
and true firs (Abies spp.) represent the greatest number 
of species at 6 and 4, respectively. All northwestern 
Oregon conifers are evergreen with the exception of 
western larch, which is deciduous. All but two of the 
broadleaf trees (Pacific madrone and golden 
chinquapin) are deciduous. 

GROUPING OF SPECIES 
To facilitate our vulnerability assessment, we divided 
the tree species of northwestern Oregon into two 
groups (table A2-3). Group 1 consists of 22 overstory 
tree species that are important components of forest or 
woodland canopies in northwestern Oregon. The group 
1 species are a major focus of this report because 
changes in their distribution or health could have a 
significant effect on forest structure and habitat. This 
group includes species that are widespread across the 
area (e.g., Douglas-fir and red alder) and species that 
are common within more limited zones (e.g., mountain 
hemlock and Engelmann spruce). It also includes 
several species, such as western larch and whitebark 
pine, that occupy only small portions of northwestern 
Oregon but are important components of their 
respective habitats and are of particular interest to 
managers. 

Group 2 includes 13 trees that are not significant 
components of the forest canopy, owing to small size 
(e.g., cascara, Scouler’s willow, and Pacific dogwood) 
or because they typically occur as scattered individuals 

or components of the mid-story rather than the forest 
canopy.  

We subjected Groups 1 and 2 to different types of 
climate change vulnerability assessments. For all of 
the group 1 species, sufficient biological information 
was available to perform a detailed vulnerability 
assessment based on numerous quantifiable 
characteristics (e.g., drought tolerance, distance of 
seed dispersal, and adaptive genetic variation). In 
contrast, many of the group 2 species are not 
commercially important and therefore have not been 
well-studied (a notable exception is incense-cedar). As 
a result, insufficient data were available to conduct the 
type of vulnerability assessment that was performed on 
the group 1 species. Instead, we summarized the 
characteristics of group 2 tree species that we deemed 
likely to influence climate change vulnerability.  

TREE SPECIES DISTRIBUTIONS 
To assess the climate change vulnerability of regional 
tree species, we needed detailed information on the 
distribution of each species. Previously published 
range maps are available for most tree species in the 
region (e.g., Little 1971, 1976). However, these maps 
are primarily useful for evaluating species 
distributions at a broad scale, whereas we desired a 
greater degree of precision because our assessment is 
focused on smaller areas. A variety of computer 
models have been used to project tree species 
distributions, both at present and under future climate 
scenarios (e.g., Crookston 2010, Hargrove and 
Hoffman 2005). However, these models did not fit our 
objectives for mapping because they project species 
distributions based on projections of suitable habitat 
rather than on present occurrences. Therefore, we 
created distribution maps for the tree species of 
northwestern Oregon using documented occurrences 
of each species rather than predicted occurrences 
(appendix 7). 
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Table A2-3. Native tree species of northwestern Oregon1 

Scientific name Common name Symbol Group2 Division Type 
Abies amabilis Pacific silver fir ABAM 1 Conifer Evergreen 
Abies grandis, A. grandis - 

A. concolor3 
Grand fir ABGR 1 Conifer Evergreen 

Abies lasiocarpa Subalpine fir ABLA 1 Conifer Evergreen 
Abies procera Noble fir ABPR 1 Conifer Evergreen 
Acer macrophyllum Bigleaf maple ACMA3 1 Broadleaf Deciduous 
Alnus rubra Red alder ALRU2 1 Broadleaf Deciduous 
Cupressus nootkatensis Alaska yellow-cedar CUNO 1 Conifer Evergreen 
Larix occidentalis Western larch LAOC 1 Conifer Deciduous 
Picea engelmannii Engelmann spruce PIEN 1 Conifer Evergreen 
Picea sitchensis Sitka spruce PISI 1 Conifer Evergreen 
Pinus albicaulis Whitebark pine PIAL 1 Conifer Evergreen 
Pinus contorta var. contorta4 Shore pine PICOC 1 Conifer Evergreen 
Pinus contorta var. 

murrayana4 
Lodgepole pine PICOM 1 Conifer Evergreen 

Pinus lambertiana Sugar pine PILA 1 Conifer Evergreen 
Pinus monticola Western white pine PIMO3 1 Conifer Evergreen 
Pinus ponderosa Ponderosa pine PIPO 1 Conifer Evergreen 
Populus balsamifera ssp. 

trichocarpa 
Black cottonwood POBAT 1 Broadleaf Deciduous 

Pseudotsuga menziesii Douglas-fir PSME 1 Conifer Evergreen 
Quercus garryana Oregon white oak QUGA4 1 Broadleaf Deciduous 
Thuja plicata Western redcedar THPL 1 Conifer Evergreen 
Tsuga heterophylla Western hemlock TSHE 1 Conifer Evergreen 
Tsuga mertensiana Mountain hemlock TSME 1 Conifer Evergreen 
Acer glabrum var. douglasii  Douglas maple ACGLD4 2 Broadleaf Deciduous 
Alnus rhombifolia White alder ALRH2 2 Broadleaf Deciduous 
Arbutus menziesii Pacific madrone ARME 2 Broadleaf Evergreen 
Calocedrus decurrens Incense-cedar CADE27 2 Conifer Evergreen 
Chrysolepis chrysophylla Golden chinquapin CHCH7 2 Broadleaf Evergreen 
Cornus nuttallii Pacific dogwood CONU4 2 Broadleaf Deciduous 
Frangula purshiana  Cascara FRPU7 2 Broadleaf Deciduous 
Fraxinus latifolia  Oregon ash FRLA 2 Broadleaf Deciduous 
Malus fusca  Western crab apple MAFU 2 Broadleaf Deciduous 
Prunus emarginata Bitter cherry PREM 2 Broadleaf Deciduous 
Salix lucida ssp. lasiandra Pacific willow SALUL 2 Broadleaf Deciduous 
Salix scouleriana Scouler’s willow SASC 2 Broadleaf Deciduous 
Taxus brevifolia Pacific yew TABR2 2 Conifer Evergreen 
1 Nomenclature follows the U.S. Department of Agriculture Plants Database (USDA NRCS 2010); in cases where multiple common 
names exist, regionally favored names are used here. 
2 Group 1 = overstory trees with widespread distribution in the study area; Group 2 = trees that are not major overstory components 
owing to limited frequency or small size. 
3 In the southern part of the study area, grand fir hybridizes with white fir; distinctions between grand fir, white fir, and their hybrids 
were not consistent among or within the data sources used for mapping; we do not attempt to separate the species here and simply 
refer to them as grand fir because it is the predominant form in the study area. 
4 Owing to substantial differences in habitat and distribution, shore pine and lodgepole pine were separated for this analysis. 
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Species occurrence data were acquired from a variety 
of sources (table A2-4). Three of these sources were 
from the U.S. Forest Service: the Forest Inventory and 
Analysis (FIA) Program (USDA Forest Service 
2010b), the Current Vegetation Survey (CVS) (USDA 
Forest Service 2008), and the Forest Service Pacific 
Northwest Region (Region 6) Ecology Program Core 
Dataset (USDA Forest Service 2010a). A fourth 
primary data source was the Oregon Flora Project 
(Oregon Flora Project 2011), which documents the 
geographic locations of herbarium specimen 
collections and individual species observations. 

Maps of all plot locations for the three Forest Service 
data sources are shown in appendix 7, as is a map of 
all Oregon Flora Project collection and observation 
locations for the species in this project. Because data 
collection protocols differed among these four primary 
data sources, data were not available from all four 
sources for every tree species. In some cases, when 
additional information was deemed desirable to better 
document a species’ distribution, we also acquired 
data from the Burke Museum Herbarium of University 
of Washington (University of Washington 2011). 

Data collection protocols differed among the data 
sources used to create these maps; therefore, several 
factors must be considered when interpreting the 
maps: 

• Plot density—Plot density varied by 
inventory; therefore, the density of points on a 
map does not necessarily correspond to the 
density at which a tree species occurs. For 
example, if the range of a species 
encompasses a national forest and adjacent 
privately owned land, the density of mapped 
points may be much higher on the national 
forest because the forest also includes CVS 
and Ecology Program plots which do not 
occur on private land. Thus, the higher density 
of mapped occurrences on the national forest 
results from the additional sampling locations 
and does not represent a true difference in the 
frequency of the species’ occurrence. 

• Plot size—For data sources that are based on 
inventory plots, density of mapped species 
occurrences is affected by plot size, which 
varies among inventories. An inventory that 

Table A2-4. Explanation of data sources used to create tree species distribution maps for northwestern 
Oregon 

Dataset Source Coverage Inventory design Availability 
Forest Inventory and 
Analysis (FIA) 

U.S. Forest Service, 
Pacific Northwest 
Region 

All public and private 
lands1 

Regularly spaced 
plots 

Always used2 

Current Vegetation 
Survey (CVS) 

U.S. Forest Service, 
Pacific Northwest 
Region 

National forests Regularly spaced 
plots 

Always used2 

USFS Region 6 
Ecology Program 

U.S. Forest Service, 
Pacific Northwest 
Region 

National forests Plots located 
according to plant 
community type 

Always used 

Oregon Flora 
Project 

Department of 
Botany and Plant 
Pathology, Oregon 
State University 

Public and private 
land in Oregon 

Species collections 
by many individuals 
with various 
objectives 

Always used 

University of 
Washington 
Herbarium 

Burke Museum, 
University of 
Washington 

Public and private 
land in Oregon 

Species collections 
by many individuals 
with various 
objectives 

Used when other 
data sources did not 
adequately 
represent known 
distribution 

1 A small amount of random error was intentionally added to the FIA plot locations to protect the identity of landowners. 
2 In a few cases, these datasets did not include species that, at the time of data collection, were considered shrubs rather than 
trees. Thus, inventory data for a given species might be absent from one or more of the national forests. 
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uses larger plots is likely to sample a given 
species more frequently on its plots compared 
to an inventory that uses smaller plots. 

• Inventory design—The density of mapped 
species occurrences is influenced by inventory 
design. An inventory of regularly spaced plots 
on a grid (e.g., FIA) is much less likely to 
sample a rare species than an inventory with 
an objective of locating and sampling that 
species (e.g., herbarium collections for the 
Oregon Flora Project). 

Owing to influences of these factors, mapped species 
occurrences should be interpreted as representing the 
extent of a species’ distribution, rather than 
representing its density within that distribution. 

TREE SPECIES PROFILES 
Drawing on information from a variety of published 
sources, we compiled profiles of the 35 northwestern 
Oregon tree species (appendix 8). These profiles 
emphasize biological and ecological characteristics 
that were deemed relevant to the trees’ potential 
adaptation to projected changes in climate. The 
amount of published information available for each 
species varied significantly. A substantial body of 
literature is available for commercially valuable 
species including Douglas-fir, western hemlock, and 
ponderosa pine. However, other species such as 
western crab apple, bitter cherry, and Scouler’s willow 
have not received much attention despite their 
ecological importance. As a result, the level of detail 
provided in these profiles varies by species. 

The tree profiles presented in appendix 8 focus on 
ecological and reproductive characteristics, genetic 
aspects, and threats and management considerations 
relevant to each tree species. The ecological 
description contains information on distribution, 
habitat, and ecological amplitude; this information 
may assist in predicting a species’ potential response 
to climate-induced changes in its habitat. Reproductive 
characteristics such as seed production, reproductive 
age, and seed dispersal distance affect the rate at 

which a species evolves and migrates. Threats and 
management considerations include disturbances such 
as insects, diseases, and wildfire, which may be 
exacerbated by a change in climate.  
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VULNERABILITY ASSESSMENT  
OF NORTHWESTERN OREGON  

TREE SPECIES 
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INTRODUCTION 
There are numerous ways in which climate influences 
the growth, survival, and reproduction of tree species. 
If these climate influences are well-understood, they 
can be used to project a tree species’ potential 
response to various climate scenarios. For the tree 
species of northwestern Oregon, this process of 
evaluating potential climate effects was accomplished 
through a vulnerability assessment—a systematic 
process of identifying and quantifying areas of 
vulnerability within a system (Glick and Stein 2010). 
The assessment was undertaken to identify: (1) 
characteristics of individual forest tree species that 
could influence their response to long-term changes in 
climate, and (2) relative levels of vulnerability to 
climate change among the tree species of northwestern 
Oregon.  

We view this analysis as a tool for prioritizing tree 
species to help managers more efficiently allocate 
limited resources to the most vulnerable species. In our 
previous analysis of the climate change vulnerability 
of western Washington tree species (Aubry et al. 
2011), we concluded that a vulnerability assessment 
approach was useful for detecting probable underlying 
causes of climate change vulnerability and for 
prioritizing management responses. We selected the 
Forest Tree Genetic Risk Assessment System (GRAS) 
(Potter and Crane 2010) to assess climate change 
vulnerability of group 1 tree species because the 
system is well-suited to our regional needs and data 
availability (Aubry et al. 2011). As stated above, we 
did not apply the Forest Tree GRAS to group 2 tree 
species because, for many of those species, insufficient 
data were available. Vulnerability of group 2 species is 
discussed in the following section. 

The Forest Tree GRAS is a model developed to 
evaluate and rank the vulnerability of individual tree 
species within a region of interest, given anticipated 
effects of long-term climate change. It is designed to 
assist managers in focusing limited resources on the 
most vulnerable species, thus increasing the efficacy 

of conservation activities. Given projected changes in 
climate, conservation of species’ existing adaptedness, 
specifically variation in adaptive traits, is key to long-
term viability. However, because this detailed level of 
genetic information does not currently exist for many 
tree species, the Forest Tree GRAS uses documented 
ecological and life-history traits to assess the 
vulnerability of individual tree species to climate 
change and related threats (Myking 2002, Potter and 
Crane 2010).  

The Forest Tree GRAS rates each species according to 
factors deemed likely to influence its overall 
susceptibility to loss of genetic variation and adaptive 
capacity under projected changes in climate (Potter 
and Crane 2010). The model is composed of multiple 
risk factors, each containing a set of variables used to 
rate a species’ climate change vulnerability according 
to intrinsic attributes or external threats. Examples of 
intrinsic attributes include a species’ fecundity, 
mechanism of seed dispersal, and drought tolerance; 
examples of external threats include insects and 
diseases. Table A2-5 summarizes the five risk factors 
used in our analysis, the variables we chose for each 
risk factor, and the rating system for each variable. 

To conduct this assessment, we compiled information 
on individual tree species from a variety of sources 
including Silvics of North America (Burns and 
Honkala 1990), The Woody Plant Seed Manual 
(Bonner and Karrfalt 2008), the FIA annual inventory 
(USDA Forest Service 2010b), and other sources in 
the scientific literature. Information on insect and 
disease threats was provided by an expert panel from 
the U.S. Forest Service, Pacific Northwest Region 
Forest Health Protection Program Westside Service 
Center. Compiled information is presented as tree 
species distribution maps and profiles (appendices 7 
and 8). For each species, we assigned numerical 
ratings (0 to 100) to each of the variables within each 
risk factor (table A2-5). We then averaged all of the 
variable ratings for each species within each risk factor 
to determine a raw factor score for that species. 
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Table A2-5. The five risk factors and descriptions and scoring systems for variables within each factor for the 
Forest Tree GRAS (continues) 

Risk factor Variable Description Scoring system1 

Distribution 
 

Frequency of 
occurrence 

Percentage of FIA plots on 
which a given species is present 

Highest frequency = 0; lowest frequency 
= 100; all other species scored 
proportionally according to frequency of 
occurrence 

 Proportion of canopy 
trees on plots 

Mean proportion of all canopy 
trees (dominant, co-dominant, 
and open-grown crown classes) 
represented by a given species 
on all FIA plots where that 
species is present 

Highest mean proportion = 0; lowest 
mean proportion = 100; all other species 
scored proportionally 

 Distribution within 
northwestern Oregon 

Qualitative assessment, scored 
by examining distribution maps2 

Wide = 0 
Moderate = 25 
Narrow = 50 
Very narrow = 75 
Rare = 100 

Reproductive 
capacity3 

Seed dispersal vector Wind, water, birds, mammals, or 
gravity 

Wind, water = 0 
Birds, mammals, gravity = 100 

 Fecundity Qualitative assessment, based 
on size and frequency of seed 
crops, proportion of filled seed in 
mature cones or fruits, and 
germination rate 

High = 0 
Medium = 50 
Low = 100 

 Seed dispersal 
capacity 

Distance within which most seed 
is dispersed 

 > 0.5 mile = 0 
 400 ft to 0.5 miles = 50 
 < 400 ft = 100 

 Minimum seed-bearing 
age 

Age at which seed production 
begins under good growing 
conditions 

< 10 years = 0 
10 to 20 years = 50  
 > 20 years = 100 

 Dioecy Breeding system Monoecious = 0 
Dioecious = 100 

Habitat affinity 
 

Mean elevation Mean elevation (ft) of FIA all 
plots on which a given species 
is present 

Lowest elevation = 0; highest elevation = 
100; all other species scored 
proportionally according to frequency of 
occurrence 

 Successional stage3 Successional stage(s) in which 
the species most commonly 
occurs as a canopy tree 

Early = 0 
Early to late = 50 
Late = 100 

 Habitat specificity3 Habitat specificity relative to all 
other northwestern Oregon tree 
species 

Low = 0 
Medium = 50 
High = 100 

 Drought tolerance3 Drought tolerance relative to all 
other northwestern Oregon tree 
species 

High = 0 
Medium = 50 
Low = 100 
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Next, we scaled all of the species’ raw factor scores 
within each factor from 0 to 100 (i.e., we set the 
lowest species score to 0, the highest to 100, and 
adjusted all other species’ scores proportionally). The 
purpose of the scaled scores is to provide equal 
weighting to each of the five risk factors for 
calculation of the overall vulnerability score for each 
species. Finally, we calculated an overall vulnerability 
score for each species based on an average of the five 

risk factor scores. We then ranked the species 
according to overall vulnerability score. 

  

Table A2-5, continued 

Risk factor Variable Description Scoring system 

Adaptive 
genetic 
variation3 

Elevation band width 
of seed zones4 

Range in elevation within which 
maladaptation due to seed 
movement is minimized 

No elevation bands = 0 
> 1,500 ft = 33 
1,000 to 1,500 ft = 67 
 < 1,000 ft = 100 

 Pollen dispersal vector Wind or insects Wind = 0 
Insects = 100 

 Disjunct populations Populations that are disjunct 
from the main portion of the 
species’ range 

No disjunct populations = 0 
One or more such populations = 100 

Major insect 
and disease 
threats5 

Threat Insect or disease that impacts 
the health or survival of the 
species 

Score for each threat is calculated as the 
product of the severity and immediacy 
scores 

Severity A rating of the present impact of 
insect or disease threats  

Minor mortality, usually of already-stressed 
trees = 1 
Moderate mortality in association with 
other threats = 3 
Moderate mortality of mature trees = 5 
Significant/complete mortality in related 
species = 6 
Significant mortality of mature trees = 8 
Complete mortality of all mature trees = 10 

Immediacy Threats weighted based on 
immediacy and present or 
expected exacerbation by a 
changing climate 

Potential to reach region of interest = 1 
Present in region = 2 
Present in region and climate change 
appears to be a contributing factor in 
increases in distribution and impact = 3 

1 Higher scores indicate greater vulnerability. 
2 See distribution maps in appendix 7. 
3 Unless otherwise noted, all information is taken from published literature, which is summarized in the tree profiles in appendix 8. 
4 Randall and Berrang (2002). 
5 Information provided by expert panel, U.S. Forest Service Pacific Northwest Region Forest Health Protection Program. 
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VULNERABILITY ASSESSMENT 
RESULTS: GROUP 1 TREE 
SPECIES 
In the sections that follow, we describe the five risk 
factors and the variables that we used to rate climate 
change vulnerability for the tree species of 
northwestern Oregon. Following a brief description of 
the methodology used for each factor, we list key 
observations and present a table of the variable ratings 
and factor scores. Both raw scores and scaled scores 
are presented for each factor. These overall 
vulnerability scores and rankings are presented at the 
end of this section. 

Distribution 

Approach 
The distribution risk factor is composed of three 
variables selected to describe the distribution of each 
tree species in northwestern Oregon: Frequency of 
Occurrence on FIA Plots, Proportion of Canopy Trees 
on FIA Plots, and Distribution in Northwestern 
Oregon (table A2-6). Selection of these variables was 
based on the premise that if a species has a large 
distribution and occurs more frequently in the forest 
canopy within its distribution, then its vulnerability to 
climate change, specifically its extinction risk, is lower 
(Potter and Crane 2010).  For the risk factor variables: 

• Frequency on FIA Plots was calculated as the 
percentage of FIA plots on which a given 
species occurred as a live tree (DBH >5 in [13 
cm]). The vulnerability score ranged from 0 
(the species occurring on the most plots) to 
100 (the species occurring on the fewest 
plots), with values for all other species 
assigned proportionally, according to the 
percentage of plots on which they occurred. 

• Proportion of Canopy Trees on FIA Plots was 
calculated based only on the plots on which a 
given species occurred as a canopy tree (i.e., a 

tree coded by FIA as dominant, codominant, 
or open-grown). For each of these plots, we 
calculated the percentage of all canopy trees 
that was composed of the given species; we 
then averaged this percentage across these 
plots. The vulnerability score ranged from 0 
(the species composing the highest percentage 
of canopy trees) to 100 (the species composing 
the lowest percentage of canopy trees), with 
values for all other species assigned 
proportionally, according to the percentage of 
canopy trees that they represented. 

• Values for Distribution in Northwest Oregon 
were assigned after evaluating the distribution 
of each species according to the maps in 
appendix 7. All sources of species occurrence 
data were used, not just the data from FIA. 
Unlike the other two variables in this risk 
factor, this was a qualitative determination 
based on each species’ distribution within 
northwestern Oregon (table A2-5). Thus, this 
variable accounted for the spatial distribution 
of occurrences, whereas the Frequency on FIA 
Plots variable was calculated only from the 
number of occurrences. 

Key Observations 
Several patterns emerged: 

• Douglas-fir had a substantially higher 
frequency of occurrence on FIA plots (88 
percent) than all other species. Western 
hemlock (46 percent) and red alder (32 
percent) were the only other species occurring 
on more than 25 percent of plots. 

• The species averaging the greatest proportion 
of canopy trees on the plots where they 
occurred were shore pine (69 percent of 
canopy trees), Douglas-fir (63 percent), 
Oregon white oak (47 percent), and ponderosa 
pine (44 percent). The species least 
represented among canopy trees were Alaska 
yellow-cedar, whitebark pine, and sugar pine, 
all of which averaged 2 percent or less. 
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Table A2-6. Distribution risk factor for a climate change vulnerability assessment of major northwestern Oregon 
tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for 3 variables representing 
distribution-related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 

FIA data  Score 

Frequency of 
occurrence 
(% of plots) 

Proportion 
of canopy 
trees (%)  

Frequency of 
occurrence1 

Proportion 
of canopy 

trees1 
Distribution 
in NW OR2 

Raw 
factor 
score 

Scaled 
factor 
score 

Whitebark pine <1 1  100 98 75 91 100 

Western larch 1 5  99 93 75 89 98 

Alaska yellow-cedar <1 <1  100 100 50 83 91 

Sugar pine 1 2  99 97 50 82 90 

Engelmann spruce 2 8  98 89 50 79 86 

Western white pine 4 9  96 87 50 78 85 

Lodgepole pine 3 22  97 68 50 72 78 

Subalpine fir 1 25  99 64 50 71 77 

Sitka spruce 7 23  92 67 50 70 76 

Mountain hemlock 7 34  92 50 50 64 69 

Noble fir 8 21  91 70 25 62 67 

Shore pine 
<1 69 

 
100 0 75 58 63 

Black cottonwood 
2 19 

 
98 72 0 57 61 

Pacific silver fir 11 35  88 50 25 54 58 

Western redcedar 21 12  76 83 0 53 57 

Ponderosa pine 6 44  94 36 25 51 55 

Oregon white oak 5 47  94 32 25 50 54 

Grand fir 10 27  89 61 0 50 53 

Bigleaf maple 21 25  77 64 0 47 50 

Red alder 32 35  64 50 0 38 39 

Western hemlock 46 31  47 56 0 34 36 

Douglas-fir 88 63  0 9 0 3 0 
1 Highest frequency = 0; lowest frequency = 100; all other species scored proportionally according to frequency of occurrence. 
2 Wide = 0; moderate = 25; narrow = 50; very narrow = 75; rare = 100. 

 



Appendix 2: Climate Change and Forest Trees in Northwestern Oregon         A2-39 
 

• Whitebark pine, western larch, and shore pine 
were the only species classified as having very 
narrow distributions in northwestern Oregon. 
Of the eight species that had narrow 
distributions, all occur in the Cascade Range 
except for Sitka spruce, which occurs near the 
Pacific coast. 

Whitebark pine and western larch were ranked as most 
vulnerable according to the distribution risk factor. 
Both of these species occurred infrequently within 
northwestern Oregon and are more common east of the 
Cascade Range crest. Of the next six species in the 
vulnerability ranking—Alaska yellow-cedar, sugar 
pine, Engelmann spruce, western white pine, 
lodgepole pine, and subalpine fir—all occur at mid to 
high elevations in the Cascade Range. Northwestern 
Oregon represents the edge of some of these species’ 
distributions. It is the southwestern extreme of western 
larch’s distribution and the northern extreme of sugar 
pine’s distribution. Alaska yellow-cedar nears the 
southern end of its range in the Oregon Cascades, 
although it also occurs in scattered populations in 
southwestern Oregon and northern California. 

Owing to its vulnerability scores of less than 10 for 
each of the three variables, Douglas-fir received the 
lowest score for the distribution risk factor (0), 
followed distantly by western hemlock (36). 

Reproductive Capacity 

Approach 
The variables in this risk factor relate to regeneration 
and seed dispersal: Seed Dispersal Vector, Fecundity, 
Seed Dispersal Capacity, Minimum Seed-Bearing 
Age, and Dioecy (breeding system) (table A2-7). At 
greater risk are species with bird or mammal seed 
dispersal vectors, lower production of viable seed, less 
frequent seed crops, later seed-bearing age, shorter 
seed dispersal distances, and more complex breeding 
systems. These scores are based on present seed 
biology and wind patterns, both of which may change 
over the next century as the climate changes and trees 

acclimate. Therefore, the information presented here is 
appropriate for the near future only and must be 
updated as new information becomes available. 

Because many of these tree species need openings to 
reproduce, reproductive capacity rankings in this case 
represent the relative ability of species to migrate and 
regenerate after large disturbances, which are expected 
to become more frequent in the future under a 
changing climate (Littell et al. 2010). 

Key Observations 
• All but two species, whitebark pine and 

Oregon white oak, use wind as the sole or 
primary means to disperse seed. The primary 
seed disperser of whitebark pine seed is the 
Clark’s nutcracker. Oregon white oak acorns 
are distributed by small mammals, birds, and 
gravity. Both of these species will be 
especially at risk for a severe reduction in seed 
dispersal if their interactions with bird and 
mammal vectors are disrupted. In the case of 
whitebark pine, this could occur if there are 
changes in the events that trigger the 
movement of the Clark’s nutcracker or in the 
timing of seed production. 

• The scores for fecundity (low, medium, and 
high) were based on a qualitative assessment 
of size and frequency of seed crops, 
proportion of filled seed in mature cones or 
fruits, and germination rate. Two species, 
whitebark pine and Alaska yellow-cedar, were 
classified has having low fecundity. 

• Most of the species examined in this 
assessment have a seed dispersal distance of 
less than 400 ft (score = 100). The seed of five 
of the species (Oregon white oak, mountain 
hemlock, Sitka spruce, western larch, and 
western white pine) has a maximum dispersal 
distance from 500 to 2,640 ft (score = 50). 
Two species have the advantage of longer-
distance seed dispersal (score = 0): Clark’s 
nutcrackers cache seeds up to 18 mi from 
whitebark pine stands. The seed of black   
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Table A2-7. Reproductive capacity risk factor for a climate change vulnerability assessment of major northwestern 
Oregon tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for 5 variables representing 
reproduction-related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 

Seed 
dispersal 

vector 

Score 
Seed-

dispersal 
vector1 Fecundity2 

Seed 
dispersal 
distance3 

Minimum 
seed-bearing 

age4 Dioecy5 

Raw 
factor 
score 

Scaled 
factor 
score 

Whitebark pine Clark's 
nutcracker 

100 100 0 100 0 60 100 

Oregon white oak Small 
mammals, 

birds, gravity 

100 50 50 100 0 60 100 

Alaska yellow-cedar Wind 0 100 100 50 0 50 75 

Pacific silver fir Wind 0 50 100 100 0 50 75 

Grand fir Wind, small 
mammals 

0 50 100 100 0 50 75 

Subalpine fir Wind 0 50 100 100 0 50 75 

Noble fir Wind 0 50 100 100 0 50 75 

Engelmann spruce Wind 0 50 100 100 0 50 75 

Mountain hemlock Wind 0 50 50 100 0 40 50 

Sugar pine Wind 0 0 100 100 0 40 50 

Western redcedar Wind 0 0 100 100 0 40 50 

Western hemlock Wind 0 0 100 100 0 40 50 

Bigleaf maple Wind 0 0 100 50 0 30 25 

Lodgepole pine Wind 0 0 100 50 0 30 25 

Sitka spruce Wind 0 0 50 100 0 30 25 

Shore pine Wind 0 0 100 0 0 20 0 

Red alder Wind, water, 
birds 

0 0 100 0 0 20 0 

Ponderosa pine Wind 0 0 100 0 0 20 0 

Douglas-fir Wind 0 0 100 0 0 20 0 

Western larch Wind 0 0 50 50 0 20 0 

Western white pine Wind 0 0 50 50 0 20 0 

Black cottonwood Wind, water 0 0 0 0 100 20 0 
1 Primarily abiotic = 0; primarily biotic = 100. 
2 High = 0; medium = 50; low = 100. 
3 Greater than 0.5 mile = 0; 400 ft to 0.5 miles = 50; less than 400 ft = 100. 
4 Less than 10 years = 0; 10 to 20 years = 50; more than 20 years = 100. 
5 Monoecious = 0; dioecious = 100. 
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cottonwood is minute and tufted with cottony 
hairs and consequently is carried for miles by 
wind or water. 

• Minimum seed-bearing age was classified into 
three groups: under 10 years, 10 to 20 years, 
and over 20 years. More than half the species 
first produce seed at over 20 years of age. 

• All species in group 1 are monoecious (both 
male and female reproduction on the same 
individual) except for black cottonwood, 
which is dioecious (male and female 
reproduction on different individuals). The 
dioecy variable had no effect on species 
rankings; black cottonwood was ranked lowest 
due to low scores for the four other variables. 

The two species with the highest factor score (100), 
and thus the greatest vulnerability, were whitebark 
pine and Oregon white oak, due to bird and small 
mammal seed dispersal vectors, medium to low 
fecundity, and high minimum seed-bearing ages. The 
next highest-scoring group (score 75) for this risk 
factor included the four true fir species, Alaska 
yellow-cedar, and Engelmann spruce. Shorter seed 
dispersal distances and later minimum seed-bearing 
were the variables that resulted in these higher scores. 
Species with the lowest scores were shore pine, red 
alder, ponderosa pine, Douglas-fir, western larch, 
western white pine, and black cottonwood. Overall, 
higher production of wind dispersed seed and earlier 
minimum seed-bearing age or greater dispersal 
distance give these species greater opportunity to 
reproduce after disturbance. 

Habitat Affinity 

Approach 
The habitat affinity risk factor consists of four 
variables selected to describe how a species’ habitat 
affinities are expected to influence its vulnerability to 
projected changes in climate (table A2-8). The four 
variables are: Mean Elevation, Successional Stage, 
Habitat Specificity, and Drought Tolerance. Species 

occurring at high elevations are more vulnerable to 
climate change, specifically warming temperatures, 
because the extent of their habitat and their pathways 
of migration become increasingly limited (Parmesan 
2006). Mean Elevation was calculated from all 
occurrences on FIA plots in northwestern Oregon. The 
vulnerability score ranged from 0 (the species with the 
lowest mean elevation) to 100 (the species with the 
highest mean elevation), with values for all other 
species assigned proportionally, according to where 
their mean elevations fell between these two extremes. 

The Successional Stage variable was included because 
species adapted to later successional stages generally 
have greater within-population genetic diversity than 
species of earlier successional stages (Hamrick et al. 
1992) and thus are assumed to be more vulnerable to 
loss of genetic diversity (Myking 2002, Potter and 
Crane 2010). Habitat Specificity represents the 
specificity of a given species’ habitat requirements 
relative to other tree species in northwestern Oregon. 
Species with high habitat specificity were assigned 
high vulnerability scores because they were considered 
more vulnerable to habitat loss associated with climate 
change. Drought Tolerance was included because 
projected increases in summer temperatures are likely 
to be associated with increased drought, even if no 
substantial change occurs in summer precipitation. 
Species with higher tolerance of drought were 
assigned lower vulnerability scores.  

Key Observations 
For the habitat affinity risk factor: 

• Mean elevation of tree species ranged from 
133 to 5,900 ft (40 to 1,800 m). Mean 
elevations of species were relatively evenly 
distributed within this range, with the largest 
gap in mean elevation occurring between 
whitebark pine (5,900 ft [1,800 m]) and 
subalpine fir (4,986 ft [1,520 m]). The six 
lowest-elevation species included the four 
broadleaf species, shore pine, and Sitka 
spruce. 
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Table A2-8. Habitat affinity risk factor for a climate change vulnerability assessment of major northwestern Oregon 
tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for 4 variables representing habitat-
related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 
Mean 

elevation (ft)1 

Score 

Mean 
elevation2 

Successional 
stage3 

Habitat 
specificity4 

Drought 
tolerance5 

Raw 
factor 
score 

Scaled 
factor 
score 

Pacific silver fir 4,180 70 100 50 100 80 100 

Mountain hemlock 4,658 78 50 50 100 70 85 

Subalpine fir 4,986 84 50 50 50 59 68 

Alaska yellow-cedar 4,367 73 50 50 50 56 64 

Western white pine 4,276 72 50 50 50 55 64 

Engelmann spruce 4,219 71 50 50 50 55 63 

Noble fir 3,831 64 0 50 100 54 61 

Sitka spruce 691 10 50 50 100 52 59 

Whitebark pine 5,900 100 0 100 0 50 56 

Sugar pine 2,900 48 50 50 50 49 55 

Western hemlock 2,110 34 50 0 100 46 50 

Black cottonwood 1,509 24 0 50 100 43 46 

Western larch 4,050 68 0 50 50 42 44 

Red alder 1,142 17 0 50 100 42 43 

Bigleaf maple 1,115 17 50 0 100 42 43 

Grand fir 2,667 44 50 0 50 36 35 

Western redcedar 1,971 32 50 0 50 33 30 

Douglas-fir 1,868 30 50 0 50 33 30 

Lodgepole pine 4,673 79 0 50 0 32 29 

Ponderosa pine 2,952 49 0 50 0 25 18 

Oregon white oak 1,014 15 0 50 0 16 6 

Shore pine 133 0 0 50 0 13 0 

1 Mean elevations of all occurrences on FIA plots. 
2 Lowest elevation = 0; highest elevation = 100; all other species scored proportionally according to elevation. 
3 Successional stage in which it most often occurs as a canopy tree: early = 0; early to late = 50; late = 100. 
4 Low = 0; medium = 50; high = 100. 
5 High = 0; medium = 50; low = 100. 
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• One species, Pacific silver fir, was 
characterized as occurring more frequently in 
the canopy of  late-successional forests than in 
that of early successional forests. Nine species 
were restricted primarily to early successional 
stages, and 12 species occupied both early and 
late stages. 

• Whitebark pine was the only species rated as 
having high habitat specificity. Five species 
(grand fir, western hemlock, western redcedar, 
Douglas-fir, and bigleaf maple) had low 
habitat specificity, and 16 species were rated 
as having a medium level of habitat 
specificity. 

• We rated five species as having high drought 
tolerance: Oregon white oak, ponderosa pine, 
lodgepole pine, shore pine, and whitebark 
pine. Nine species had medium drought 
tolerance, and eight species had low drought 
tolerance. 

• Pacific silver fir and mountain hemlock had 
the highest vulnerability scores for the habitat 
affinity risk factor. Both of these species had 
relatively high mean elevation scores and were 
rated medium or high for Successional Stage, 
Habitat Affinity, and Drought Tolerance. 
Shore pine, Oregon white oak and ponderosa 
pine had the lowest vulnerability scores for the 
habitat affinity risk factor. 

Adaptive Genetic 
Variation 

Approach 
The adaptive genetic variation 
factor is based on elements that 
describe a tree species’ ability to 
adapt to a changing climate: 
genetic diversity, gene flow, and 
population structure. Genetic 
variation in adaptive traits is 
important because it provides 

the raw materials for populations to cope with climate 
change through evolution (Aitken et al. 2008). Forest 
trees generally have high levels of both within- and 
among-population genetic diversity for quantitative 
traits related to adaptation. A wealth of information 
has been collected on this type of genetic variation in 
commercially important trees species through common 
garden experiments. This information has been critical 
in developing seed zones and elevation bands to guide 
seed movement (Randall 1996). 

Rehfeldt (1994) used the term specialist to describe 
species in which genetic variability is organized into 
numerous local populations, each of which is 
physiologically specialized for a particular range of 
environments. Conversely, the term generalist 
describes species in which individuals, and therefore 
populations, are attuned to a broad range of 
environments. Because specialist species are closely 
adapted to their local environment and do not have the 
necessary adaptive genetic variation within 
populations to rapidly adapt to a changing climate, 
they are more susceptible to changes in climate. The 
general characteristics of these alternative evolutionary 
strategies are shown in table A2-9. 

Genetic variation in traits related to local adaptation is 
critically important in assessing vulnerability to 
climate change. Seed zones delineated for 
commercially important tree species reflect levels of 
genetic variation in adaptive traits; however, the 
number and size of these zones also are dependent on 
the distribution of the species. Therefore, in this risk 

Table A2-9. Comparison of alternative evolutionary strategies 

Characteristic 

Evolutionary strategy 

Specialist Generalist 

Factor controlling physical expression of 
adaptive traits 

Genotype Environment 

Mechanism for accommodating 
environmental heterogeneity 

Genetic 
variation 

Phenotypic 
plasticity 

Range of environments across which 
physiological processes function optimally 

Small Large 

Slope of gradients for adaptive traits Steep Flat 

Source: Rehfeldt 1994. 
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factor, we used seed zone elevation band width as a 
surrogate for adaptive genetic variation. Species with 
one or no elevation bands are considered generalists 
with wide climatic tolerances, whereas species with 
several narrow elevation bands are considered 
specialists, highly adapted to their local environment, 
with specific climatic requirements. For example, 
elevation band widths that determine seed transfer 
zones for Douglas-fir, a specialist species, are 1,000 ft 
(305 m), whereas for western white pine, a generalist 
species, there are no elevation restrictions on seed 
transfer (Randall 1996). Because specialist species are 
more vulnerable to climate change, species with 
narrow elevation bands were given a higher 
vulnerability score (table A2-10). It should be noted 
that the geographic scale of this assessment influenced 
the scores of some species. For example, Sitka spruce 
shows large amounts of population differentiation 
across its entire range (Mimura and Aitken 2007a, b) 
but not within its range in northwestern Oregon. 

Evolution and response to natural selection depend on 
a number of factors including genetic diversity present 
within populations and gene flow from adjacent 
populations (Aitken et al. 2008). For example, gene 
flow into a population from adjacent populations 
growing at warmer temperatures (such as populations 
at lower elevations or further south) can increase the 
rate of adaptation by introducing genetic variation that 
is pre-adapted to a warmer climate. Gene flow occurs 
through the movement of pollen and seed; however, 
neither of these vectors is easy to measure on a 
quantitative basis. The majority of the group 1 species 
are wind-pollinated and also produce seeds that are 
dispersed by wind. Only bigleaf maple is insect-
pollinated, and only whitebark pine and Oregon white 
oak produce animal-dispersed seeds. Species that are 
insect-pollinated are more vulnerable to climate 
change because of the required interaction with 
another organism; climate change may affect the 
seasonal patterns of insect pollinator activity and thus 
disrupt the synchrony between the pollinators and the 
time of flowering. Therefore, insect-pollinated tree 
species were assigned a higher vulnerability rating in 
our analysis (table A2-10). For the same reason, trees 

with animal-dispersed seed also were assigned higher 
vulnerability ratings. This variable was included in the 
reproductive capacity risk factor (table A2-7). 

Populations that are disjunct from other parts of a 
species’ distribution may evolve to be genetically 
distinct due to the lack of exchange of genetic material 
among populations; this may or may not be reflected 
in adaptive genetic variation. Additionally, gene flow 
into populations that are isolated or fragmented is 
often interrupted, which increases the future 
vulnerability of these populations, as opportunities to 
receive novel adaptive genetic variation are restricted. 
In this assessment, we assigned a higher vulnerability 
score to species that were deemed to be at higher risk 
to climate change within the entire study area as a 
result of geographical separation of populations. In 
northwestern Oregon, there were no species for which 
disjunct or geographically isolated populations 
increased area-wide climate-change vulnerability. 
However, we retained this variable because it was 
desirable to use the same vulnerability assessment 
model for all six study areas in the region. It should be 
noted that there are populations of noble fir and Pacific 
silver fir in the Coast Range that are disjunct from 
populations in the Cascades. While the Coast Range 
populations may be at higher risk of the potential 
impacts of climate change because of their isolation, 
their presence does not substantially increase the risk 
to the entire species within the study area; therefore, 
they were not assigned an elevated vulnerability score 
for this variable. If the entire distribution of a given 
species within the study area were disjunct from the 
rest of that species’ range, then it would receive a high 
vulnerability rating. 

Data for all variables in this risk factor were obtained 
from the scientific literature. Elevation band widths 
were obtained from the Oregon Department of 
Forestry’s publication, Forest Tree Seed Zones for 
Western Oregon (Randall 1996), for all species with 
the exception of western larch, whitebark pine, Oregon 
white oak, bigleaf maple, mountain hemlock, and 
subalpine fir. For western larch, elevation bands given 
in the book Washington Tree Seed Zones (Randall and 
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Berrang 2002) were used. For whitebark pine, seed 
zones and information on elevation bands from Aubry 
et al. (2008) and Bower and Aitken (2008) were used. 
Because formal seed zones have not been delineated 
for Oregon white oak and bigleaf maple, published 
information on elevational restrictions to seed 
movement was used to assign scores for these species 

(Hubert and Aitken [n.d.], Iddrisu and Ritland 2004). 
Appropriate elevation bands for mountain hemlock 
and subalpine fir were estimated based on the species’ 
adaptive genetic variation and their elevation ranges in 
northwestern Oregon (appendix 7). Information on 
adaptive genetic variation of mountain hemlock was 
taken from the work of Benowicz and El-Kassaby 

 
Table A2-10. Adaptive genetic variation risk factor for a climate change vulnerability assessment of major 

northwestern Oregon tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for 3 variables 
representing vulnerabilities related to adaptive genetic variation as well as factor scores based on the average 
of the variable scores 

  
Species 

Pollen 
dispersal 

vector 

Score 

Seed zone 
elevation band 

width1 

Pollen 
dispersal 
vector2 

Disjunct 
populations3 

Raw factor 
score 

Scaled 
factor 
score 

Douglas-fir Wind 100 0 0 33 100 

Oregon white oak Wind 100 0 0 33 100 

Bigleaf maple Insects 0 100 0 33 100 

Grand fir Wind 67 0 0 22 67 

Subalpine fir Wind 67 0 0 22 67 

Red alder Wind 67 0 0 22 67 

Alaska yellow-cedar Wind 67 0 0 22 67 

Western larch Wind 67 0 0 22 67 

Lodgepole pine Wind 67 0 0 22 67 

Ponderosa pine Wind 67 0 0 22 67 

Western hemlock Wind 67 0 0 22 67 

Pacific silver fir Wind 33 0 04 11 33 

Noble fir Wind 33 0 04 11 33 

Sugar pine Wind 33 0 0 11 33 

Western redcedar Wind 33 0 0 11 33 

Mountain hemlock Wind 33 0 0 11 33 

Engelmann spruce Wind 0 0 0 0 0 

Sitka spruce Wind 0 0 0 0 0 

Whitebark pine Wind 0 0 0 0 0 

Shore pine Wind 0 0 0 0 0 

Western white pine Wind 0 0 0 0 0 

Black cottonwood Wind 0 0 0 0 0 

1 No seed zone elevation bands = 0; bands wider than 1,500 ft = 33; bands 1,000 to 1,500 ft = 67; bands less than 1,000 ft = 100. 
2 Primarily abiotic pollination vectors = 0; primarily biotic pollination vectors = 100. 
3 No disjunct populations = 0; one or more such populations = 100.   
4 Disjunct populations occur, but they do not substantially reduce the overall climate change vulnerability of the species in the study area. 

 



A2-46 Appendix 2: Climate Change and Forest Trees in Northwestern Oregon 
 

(1999) and Benowicz et al. (2001b); information on 
subalpine fir was from Warwell (2011, pers. comm.). 

Key Observations 
• There were no species for which the entire 

distribution within the study area was disjunct 
or geographically isolated; therefore, this 
variable did not influence the genetics factor 
scores or species rankings. Noble fir and 
Pacific silver fir both have disjunct 
populations in the Coast Range, which may be 
at higher risk, but these populations do not 
increase the overall risk to the species in the 
study area. 

• Douglas-fir and Oregon white oak, two 
specialist species that are closely adapted to 
their local environment, had the highest factor 
scores. 

• Because it is insect-pollinated, bigleaf maple 
ranked high, with the same factor score as 
species with wind-dispersed seed that have 
narrow elevation bands (Douglas-fir and 
Oregon white oak). 

• Western white pine is a generalist species with 
broad environmental tolerances and is the only 
widespread conifer that has no elevation 
bands; this species scored low in this risk 
factor. 

• Sitka spruce and shore pine both occur 
primarily below 1,000 ft (305 m) elevation; 
therefore, these species had no elevation bands 
and scored low for this risk factor. 

Insects and Diseases 

Approach 
This risk factor includes insects and diseases that 
presently affect the tree species under assessment or 
are expected to exacerbate the negative impacts of 
climate changes on tree survival, growth, or vigor 
(table A2-11). For each tree species, the most 
important insect and disease threats within the area of 

analysis were determined by entomologists and 
pathologists of the Forest Service Forest Health 
Protection Program who rated each pest and pathogen 
according to the severity and immediacy of its impact. 
The score for each threat to each species was 
calculated by multiplying the severity and immediacy 
ratings; the factor score for each species is the sum of 
all individual threat scores for that species. 

We made one modification to Potter and Crane’s 
(2010) original format for this risk factor; we altered 
their threat immediacy rating scale to better represent 
threats in the Pacific Northwest. We changed the 
definition of immediacy score 2, “approaching region 
of interest,” to “present in region,” and we changed the 
definition of immediacy score 3, “present in region,” 
to “present in region and climate change appears to 
contribute to increases in distribution and impact.” 
Although species-specific projections for the future 
remain uncertain, these changes were made because 
there are indications that the current trend in climate 
warming has already exacerbated the effects of several 
insects and diseases on tree species of the Pacific 
Northwest. 

Key Observations 
• Each tree species was assigned between 1 and 

5 threats. Threats are arranged in table A2-11 
from highest to lowest score (threat 1 is 
highest; threat 2 is second highest, etc.). The 
severity scores ranged from 1 (minor 
mortality, usually of already-stressed trees) to 
8 (significant mortality of mature trees). 

• Most threats were given an immediacy score 
of 2 (present in region). Only one 
species/threat combination received the 
highest immediacy score of 3 (present in 
region and climate change appears to be a 
contributing factor in increases in distribution 
and impact): Oregon white oak/Armillaria root 
disease. The five species/threat combinations 
that received the lowest immediacy score of 1 
(potential to reach area of interest) were: 
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Table A2-11. Insects and diseases risk factor for a climate change vulnerability assessment of major northwestern 
Oregon tree species. Vulnerability scores for as many as 5 major threats per tree species are shown (continues) 

Species 

Threat 1  Threat 2  Threat 3 

Threat Se
ve

rit
y1  

Im
m

ed
ia

cy
2  

Sc
or

e3  

  Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e 
 Threat Se

ve
rit

y 

Im
m

ed
ia

cy
 

Sc
or

e 

Subalpine fir Balsam woolly 
adelgid 

8 2 16  Laminated root 
rot 

3 2 6  Armillaria root 
disease 

3 2 6 

Ponderosa pine Western pine 
beetle 

5 2 10  Armillaria root 
disease 

3 2 6  Mountain pine 
beetle 

3 2 6 

Whitebark pine Mountain pine 
beetle 

8 2 16  White pine blister 
rust 

3 2 6  Armillaria root 
disease 

3 2 6 

Lodgepole pine Mountain pine 
beetle 

8 2 16  Armillaria root 
disease 

3 2 6  Elytroderma 
needle blight 

1 2 2 

Douglas-fir Laminated root 
rot 

5 2 10  Armillaria root 
disease 

3 2 6  Black stain root 
disease 

3 2 6 

Sugar pine Mountain pine 
beetle 

5 2 10  Armillaria root 
disease 

3 2 6  White pine blister 
rust 

3 2 6 

Pacific silver fir Laminated root 
rot 

5 2 10  Armillaria root 
disease 

3 2 6  Heterobasidion 
root disease 

3 2 6 

Grand fir Laminated root 
rot 

5 2 10  Armillaria root 
disease 

3 2 6  Heterobasidion 
root disease 

3 2 6 

Noble fir Laminated root 
rot 

5 2 10  Armillaria root 
disease 

3 2 6  Heterobasidion 
root disease 

3 2 6 

Mountain hemlock Laminated root 
rot 

5 2 10  Armillaria root 
disease 

3 2 6  Heterobasidion 
root disease 

3 2 6 

Western hemlock Heterobasidion 
butt rot 

5 2 10  Armillaria root 
disease 

3 2 6  Laminated root 
rot 

1 2 2 

Western larch Laminated root 
rot 

3 2 6  Armillaria root 
disease 

3 2 6  Larch needle 
cast 

1 2 2 

Engelmann spruce Tomentosus root 
rot 

3 2 6  Heterobasidion 
root disease 

3 2 6  Armillaria root 
disease 

3 2 6 

Western white pine White pine blister 
rust 

5 2 10  Armillaria root 
disease 

3 2 6      

Red alder Armillaria root 
disease 

3 2 6  Nectria canker 3 2 6  Phytophthora  
alni 

3 1 3 

Bigleaf maple Verticillium wilt 3 2 6  Armillaria root 
disease 

3 2 6      

Sitka spruce Armillaria root 
disease 

3 2 6  Heterobasidion 
root disease 

3 2 6      

Black cottonwood Cytospora 
canker 

3 2 6  Melampsora rust 1 2 2  Armillaria root 
disease 

1 2 2 

Shore pine Armillaria root 
disease 

1 2 2  Elytroderma 
needle blight 

1 2 2  Western gall rust 1 2 2 

Oregon white oak Armillaria root 
disease 

1 3 3  Oak mistletoe 1 1 1      

Western redcedar Armillaria root 
disease 

1 2 2  Cedar leaf blight 1 2 2      

Alaska yellow-cedar Alaska yellow 
cedar decline 

1 1 1                

1 Minor mortality, usually of already-stressed trees = 1; moderate mortality in association with other threats = 3; moderate mortality of mature 
trees = 5; significant/complete mortality in related species = 6; significant mortality of mature trees = 8; mortality of all mature trees = 10. 
2 Potential to reach region of interest = 1; present in region = 2; present in region and climate change appears to be a contributing factor in 
increases in distribution and impact = 3. 
3 Score is the product of multiplying severity and immediacy values. 
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Table A2-11, continued 

Species 

Threat 4 

 

Threat 5 

  

Score 

Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e 

Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
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Raw 
factor 
score4 

Scaled 
factor 
score 

Subalpine fir Heterobasidion 
root disease 

3 2 6 
 

      34 100 

Ponderosa pine Ips bark beetles 3 2 6 
 

Needle diseases:  
Elytroderma and 
Dothistroma 

2 1 2  30 88 

Whitebark pine            28 82 

Lodgepole pine Western gall rust 1 2 2  Ips bark beetles 1 2 2  28 82 

Douglas-fir Swiss needle cast 1 3 3  Rhabdocline 
needle disease 

1 1 1  26 76 

Sugar pine Ips bark beetles 1 2 2        24 70 

Pacific silver fir             22 64 

Grand fir             22 64 

Noble fir             22 64 

Mountain hemlock             22 64 

Western hemlock Hemlock woolly 
adelgid 

1 2 2        20 58 

Western larch Larch needle   
blight 

1 2 2  Larch casebearer 1 2 2  18 52 

Engelmann spruce            18 52 

Western white pine             16 45 

Red alder             15 42 

Bigleaf maple             12 33 

Sitka spruce             12 33 

Black cottonwood             10 27 

Shore pine Ips bark beetles 1 2 2        8 21 

Oregon white oak             4 9 

Western redcedar             4 9 

Alaska yellow-cedar             1 0 

4 Calculated by summing the five threat scores. Higher scores indicate greater vulnerability. 
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o Alaska yellow-cedar/Alaska yellow-
cedar decline 

o Oregon white oak/oak mistletoe 
o Red alder/Phytophthora alni 
o Ponderosa pine/Elytroderma and 

Dothistroma needle diseases 
o Douglas-fir/Rhabdocline needle 

disease 

• The insect threats with the highest scores 
were: 
o Subalpine fir/balsam woolly adelgid 

(16) 
o Ponderosa pine/western pine beetle 

(10) 
o Whitebark pine/mountain pine beetle 

(16) 
o Lodgepole pine/mountain pine beetle 

(16) 
o Sugar pine/mountain pine beetle (10) 

In each case, the immediacy score was 2 
(present in region) and the severity score 
was either 5 (moderate mortality of mature 
trees) or 8 (significant mortality of mature 
trees). 

• The disease threats with the highest scores 
(all had scores of 10) were: 
o Douglas-fir, Pacific silver fir, grand 

fir, noble fir, mountain 
hemlock/laminated root rot 

o Western hemlock/Heterobasidion butt 
rot 

o Western white pine/white pine blister 
rust 

In each case, the immediacy score was 2 
(present in region), and the severity score 
was 5 (moderate mortality of mature trees). 

Subalpine fir ranked highest for overall vulnerability 
to insect and disease threats and was followed by most 
of the pines and Douglas-fir (ranked second through 
sixth); the other true fir species were ranked seventh 
through ninth. The four hardwood species ranked low 

in vulnerability, with scores of 42 or lower; among 
conifers, western redcedar and Alaska yellow-cedar 
received the lowest vulnerability scores (9 and 0, 
respectively).  

Overall Scores and Rankings 

The vulnerability score for each risk factor and the 
overall vulnerability score for each species are 
displayed in table A2-12. The overall vulnerability 
score was calculated by averaging the five risk factors, 
which were weighted equally. Higher overall scores 
indicate higher vulnerability to the effects of climate 
change as measured by the five risk factors. General 
observations on the vulnerability scores and rankings 
shown in table A2-12 include: 

• Among the 22 group 1 tree species, overall 
vulnerability scores ranged from 17 to 77 
(lowest and highest scores possible were 0 and 
100, respectively). When species were ranked 
by score, the scores were distributed relatively 
evenly, with the largest gaps between scores 
occurring among species ranked near both 
ends of the scale. Subalpine fir, with a score of 
77, was 10 points above the second-ranked 
species, whitebark pine. Shore pine, with a 
score of 17, was 10 points below black 
cottonwood. Black cottonwood, in turn, was 9 
points below western redcedar. 

• The three species with the highest overall 
vulnerability scores were subalpine fir, 
whitebark pine, and Pacific silver fir. The next 
11 species in the ranking all had overall scores 
from 50 to 60. 

• The most common low- to mid-elevation 
conifers, Douglas-fir, western hemlock, and 
western redcedar, all were in the lower half of 
the vulnerability ranking. 

• With the exception of Oregon white oak, 
which ranked near the middle, the three other 
broadleaf species occurred low in the ranking. 

  



A2-50 Appendix 2: Climate Change and Forest Trees in Northwestern Oregon 
 

  

Table A2-12. Summary of 5 risk factor scores, and overall vulnerability scores, in a climate change vulnerability 
assessment of major northwestern Oregon tree species 

Species  

Risk factor scores 

Overall 
score1 Distribution 

Reproductive 
capacity 

Habitat 
affinity 

Adaptive 
genetic 

variation 
Insects and 

disease 
Subalpine fir  77 75 68 67 100 77 

Whitebark pine  100 100 56 0 82 67 

Pacific silver fir  58 75 100 33 64 66 

Mountain hemlock  69 50 85 33 64 60 

Noble fir  67 75 61 33 64 60 

Alaska yellow-cedar  91 75 64 67 0 59 

Sugar pine  90 50 55 33 70 59 

Grand fir  53 75 35 67 64 59 

Lodgepole pine  78 25 29 67 82 56 

Engelmann spruce  86 75 63 0 52 55 

Oregon white oak  54 100 6 100 9 54 

Western larch  98 0 44 67 52 52 

Western hemlock  36 50 50 67 58 52 

Bigleaf maple  50 25 43 100 33 50 

Ponderosa pine  55 0 18 67 88 46 

Douglas-fir  0 0 30 100 76 41 

Western white pine  85 0 64 0 45 39 

Sitka spruce  76 25 59 0 33 39 

Red alder  39 0 43 67 42 38 

Western redcedar  57 50 30 33 9 36 

Black cottonwood  61 0 46 0 27 27 

Shore pine  63 0 0 0 21 17 

1 Calculated by averaging the scores from the five risk factors, each with a range of 0 to 100. Higher scores indicate greater vulnerability. 
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• For the species that shared a common genus, 
the four true firs were generally ranked near 
the top, whereas the six pines showed no 
pattern in ranking. 

• Vulnerability of tree species generally 
increased with mean elevation of FIA plots on 
which each species occurred (fig. A2-9). With 
the exception of western white pine, all 
species with mean FIA plot elevations of 
3,800 ft (1,160 m) or more had overall 
vulnerability scores greater than 50. Because 
mean FIA plot elevation is part of the habitat 
affinity risk factor (table A2-8), it had some 
influence on species ranking but was not an 
overwhelming driver, as evidenced by the 
ranking of scores within the habitat affinity 

risk factor when species are ranked by overall 
vulnerability score in table A2-12. The 
elevation of FIA plots variable was one of four 
variables (each making up one-fourth of the 
factor score) within one of five factors (each 
making up 20 percent of the overall score); 
thus, this variable represented only 5 percent 
of the overall score. 

• For most species, scores were quite variable 
across the five risk factors. For example, five 
species had factor scores with a range of more 
than 90 points (whitebark pine, Douglas-fir, 
western larch, Oregon white oak, and Alaska 
yellow-cedar). 

  

 

 
 

Figure A2-9. Relationship between overall climate change vulnerability 
score and mean elevation of FIA plots on which each of the group 1 
tree species occurred 
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Results Based on Three Risk Factors 
After scoring species based on five equally weighted 
risk factors, we posed the following question: how 
would vulnerability rankings change if fewer than five 
risk factors were sufficient to make a species highly 
vulnerable to climate change? To answer this, we 
recalculated the overall vulnerability scores using only 
the three risk factors with the highest scores for each 
species. Thus, for whitebark pine, with factor scores of 
100, 100, 56, 0, and 82, the overall score was 
recalculated as the average of 100, 100, and 82. This 
new calculation was based on the assumption that 
three areas of high vulnerability would be sufficient to 
raise a species’ overall vulnerability to climate change. 
This differs from our five-factor calculation, which 
was designed to be as comprehensive as possible 
under the assumption that we can’t confidently predict 
which specific risk factors will be most important in 
the future. The results of our three-factor calculations 
are shown in table A2-13. We noted several trends: 

• When using only the three highest-scoring risk 
factors for each species, most of the species 
did not change in ranking by more than four 
positions. The two exceptions were Oregon 
white oak, which increased nine positions, and 
noble fir, which fell eight positions. 

• Oregon white oak increased in ranking when 
using only three factors because its scores for 
distribution, reproductive capacity, and 
adaptive genetic variation were relatively high 
(average of 85), whereas its scores for habitat 
affinity and insects and diseases were very low 
(average of 8) and were dropped. 

• Noble fir decreased in ranking when using 
only three risk factors because its three highest 
factor scores (75, 67, and 64) were relatively 
moderate compared to the three highest scores 
of many of the other tree species. Therefore, 
while the overall score for noble fir increased 
9 points when its two lowest risk factors were 
dropped, the scores of all other tree species 
increased by an average of 17 points when 
their two lowest risk factors were dropped. 

• The five lowest-ranked species (shore pine, 
black cottonwood, western redcedar, red alder, 
and Sitka spruce) did not change rankings 
between the five- and three- factor score 
calculation. 

Because most species’ rankings changed little between 
the five- and three-factor score calculations, we have 
high confidence in our overall vulnerability analysis 
approach. Rankings were generally similar whether we 
made the comprehensive analysis (all five risk factors) 
or the analysis that emphasized the three areas of 
greatest vulnerability (three-factor analysis). The 
single species that increased notably in ranking when 
using the three-factor approach was Oregon white oak, 
which had the maximum factor scores (100) for both 
reproductive capacity and adaptive genetic variation.  

Forest Series 
Management of forest tree species can, in some cases, 
likely be carried out more efficiently if applied at a 
scale broader than at the level of individual tree 
species. As an example of this approach, we used 
forest series (also known as climax tree series or plant 
association series) to determine which forest types 
were at highest risk of climate change impacts based 
on their tree species composition. Forest series is 
classified according to the dominant overstory tree 
species present when a stand succeeds to a climax 
condition; a series includes all the different vegetation 
types that eventually succeed to this common climax 
condition. We compared the results of our 
vulnerability analysis to northwestern Oregon’s forest 
series to determine which series are most at risk from 
the potential impacts of climate change. We used 
forest series for the northern Oregon Coast Range 
(including the Siuslaw National Forest) and for the 
Westside Central Cascades of Northwest Oregon 
(including the Mt. Hood and Willamette National 
Forests) (McCain and Diaz 2002a, b). These 
descriptions include all major forest series in 
northwestern Oregon, as well as series that occur east 
of the Cascade crest on the Mt. Hood National Forest. 
For each forest series, we identified the major canopy 
tree species (i.e., those with relatively high constancy  
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Table A2-13. Overall climate change vulnerability rankings and scores for major northwestern Oregon tree species, 
rankings and scores calculated with only the three highest-scoring risk factors, and the change in rank and 
score associated with the three-factor results1 

  
Species rankings based on overall 

score 
 

Overall vulnerability score 

Species  
Using all 5 

factors 

Using 3 
highest 
factors 

Change in 
rank 

 Calculated 
with all 5 
factors 

Calculated 
with 3 highest 

factors 

Increase in 
score using 3 

factors 
Whitebark pine  2 1 +1  67 94 27 

Oregon white oak  11 2 +9  54 85 31 

Subalpine fir  1 3 -2  77 84 7 

Pacific silver fir  3 4 -1  66 80 14 

Alaska yellow-cedar  6 5 +1  59 78 19 

Lodgepole pine  9 6 +3  56 76 20 

Engelmann spruce  10 7 +3  55 75 20 

Mountain hemlock  4 8 -4  60 73 13 

Western larch  12 9 +3  52 72 20 

Sugar pine  7 10 -3  59 71 12 

Ponderosa pine  15 11 +4  46 70 24 

Grand fir  8 12 -4  59 69 10 

Noble fir  5 13 -8  60 69 9 

Douglas-fir  16 14 +2  41 68 27 

Western white pine  17 15 +2  39 65 26 

Bigleaf maple  14 16 -2  50 64 14 

Western hemlock  13 17 -4  52 58 6 

Sitka spruce  18 18 0  39 56 17 

Red alder  19 19 0  38 51 13 

Western redcedar  20 20 0  36 47 11 

Black cottonwood  21 21 0  27 45 18 

Shore pine  22 22 0  17 28 11 

1 Higher scores indicate greater vulnerability; a ranking of 1 = most vulnerable and a ranking of 22 = least vulnerable. 
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and cover values across plant associations) of all seral 
stages to assess the vulnerability of the forest canopy 
(tables A2-14 and A2-15). 

The only forest series in the northern Oregon Coast 
Range with highly vulnerable tree species was the 
Pacific Silver Fir Series. Within this series, both 
Pacific silver fir and noble fir were ranked among the 
top five species in overall vulnerability. The Oak 
Communities Series, though not formally described as 
a forest series, is composed primarily of a single 
species of moderate vulnerability, Oregon white oak. 

Based on this vulnerability assessment, the Mountain 
Hemlock Series is the most vulnerable in the Westside 
Central Cascades of Northwest Oregon (table A2-15), 
because five of its six major canopy tree species are 
ranked in positions one though five for climate change 
vulnerability. The Pacific Silver Fir Series is also 
vulnerable according to our analysis. As with the Oak 
Communities Series, the Lodgepole Pine Communities 
Series canopy is predominantly a single species, 
lodgepole pine, which was rated moderately 
vulnerable by our assessment. 

Conclusions of the Group 1 
Assessment 

This vulnerability assessment was designed to 
determine the relative climate change vulnerability of 
major forest tree species. This information is important 
for prioritizing management activities and focusing 
limited resources on the most vulnerable species. 
However, the results should not be interpreted too 
narrowly. For example, a species with an overall 
vulnerability score of 55 may not, for practical 
purposes, be more vulnerable to climate change than a 
species with an overall score of 52; there is no 
statistical significance associated with these scores. 
Emphasis should instead be placed on general patterns 
in species rankings and large differences in scores. In 
taking this broader view, the information that was 
compiled and organized to conduct the analysis (e.g., 
tables A2-6 through A2-8, A2-10, and A2-11; 

appendices 7 and 8) may be as important as the scores 
themselves. Centralizing this information provided a 
framework for evaluating and comparing the 
importance of a wide variety of life history traits, 
threats, and other characteristics across many tree 
species.  

As found in our previous vulnerability assessment of 
western Washington (Aubry et al. 2011), our results 
suggest that high-elevation tree species of 
northwestern Oregon are at greatest relative risk, given 
projected changes in climate, and therefore should be a 
focus of conservation and monitoring. Evaluation of 
tree species by forest series confirmed this pattern and 
demonstrated that our individual-species vulnerability 
ratings can be applied to broader classes of vegetation. 
In the Mountain Hemlock Series, nearly all of the 
major canopy tree species had high vulnerability 
rankings (table A2-15). The Pacific Silver Fir Series, 
also occurring at relatively high elevations, had two 
species ranking high in vulnerability. Although our 
evaluation focused on the level of forest series, 
examination of the canopy tree composition of 
individual plant associations also may be a useful 
approach. However, owing to the number of plant 
associations in the region, that level of analysis was 
beyond the scope of this project. 

Our vulnerability assessment results showing high 
vulnerability of high-elevation tree species supports 
the potential climate change effects summarized in a 
recent publication on management of Pacific 
Northwest federal forests under a changing climate 
(Spies et al. 2010). The high overall vulnerability 
scores that these species received in our assessment 
were a result of many different contributing factors. 
Therefore, actions to mitigate potential effects of a 
changing climate on these high-elevation species must 
consider the multiple vulnerabilities of each tree 
species and may use these risk factors and variables as 
a starting point. Specific action items for the national 
forests of northwestern Oregon are outlined in the 
Recommendations section of this report. 
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Table A2-14. Major canopy tree species in each forest series described for the northern Oregon Coast Range, 
including the Siuslaw National Forest, ranked by climate change vulnerability score1 

Species  

 Forest series 

Overall 
vulnerability 

score  
Pacific 

silver fir Grand fir 
Sitka 

spruce 
Douglas-

fir 
Western 
hemlock Oak2 

Subalpine fir3  77       

Whitebark pine3  67       

Pacific silver fir  66 X      

Mountain hemlock3  60       

Noble fir  60 X      

Alaska yellow-cedar3  59       

Sugar pine3  59       

Grand fir  59  X     

Lodgepole pine3  56       

Engelmann spruce3  55       

Oregon white oak  54      X 

Western larch3  52       

Western hemlock  52 X  X  X  

Bigleaf maple  50  X  X X  

Ponderosa pine4  46       

Douglas-fir  41 X X X X X  

Western white pine3  39       

Sitka spruce  39   X    

Red alder  38   X  X  

Western redcedar  36   X  X  

Black cottonwood4  27       

Shore pine4  17       
1 Plant association groups described by McCain and Diaz (2002a). The major species shown in this table are those that have relatively high 
constancy and cover values across the majority of plant association groups in each series. Higher scores indicate greater vulnerability. 
2 Oak communities were not formally classified by McCain and Diaz (2002a), but they were defined as “Oregon white oak or California black 
oak present, conifers absent or minor; canopy open, and understory grassy.” 
3 Species does not occur in the northern Oregon Coast Range. 
4 Not a major canopy tree species in the forest series of the northern Oregon Coast Range. 
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Table A2-15. Major canopy tree species in each forest series described for the Westside Central Cascades of 
Northwest Oregon, including the Mt. Hood and Willamette National Forests, ranked by climate change 
vulnerability score1 

Species 

Overall 
vulnerability 

score  

Forest series 

Pacific 
silver fir Grand fir 

Douglas-
fir 

Western 
hemlock 

Mountain 
hemlock Oak2 

Lodgepole 
pine3 

Subalpine fir 77     X   

Whitebark pine 67     X   

Pacific silver fir 66 X    X   

Mountain hemlock 60     X   

Noble fir 60 X    X   

Alaska yellow-cedar4 59        

Sugar pine4 59        

Grand fir 59  X      

Lodgepole pine 56       X 

Engelmann spruce4 55        

Oregon white oak 54      X  

Western larch4 52        

Western hemlock 52 X   X    

Bigleaf maple 50  X X     

Ponderosa pine4 46        

Douglas-fir 41 X X X X X   

Western white pine4 39        

Sitka spruce5 39        

Red alder4 38        

Western redcedar 36    X    

Black cottonwood4 27        

Shore pine5 17        

1 Plant association groups described by McCain and Diaz (2002b). The major species shown in this table are those that have relatively high 
constancy and cover values across the majority of plant association groups in each series. Higher scores indicate greater vulnerability. 
2 Oak communities were not formally classified by McCain and Diaz (2002b), but they were defined as “Oregon white oak or California black 
oak the major tree species, conifers absent or minor, canopy open, and understory grassy.” 
3 Lodgepole pine communities were not formally classified by McCain and Diaz (2002b), but they were defined as “lodgepole pine the only 
regenerating species and makes up more than 75 percent of the canopy.” 
4 Not a major canopy tree species in  the forest series of the Westside Central Cascades of Northwest Oregon . 
5 Species does not occur in the Westside Central Cascades of Northwest Oregon. 
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Current planting programs on the national forests of 
northwestern Oregon include Douglas-fir, western 
redcedar, western white pine, western hemlock, 
ponderosa pine, and noble fir. With the exception of 
noble fir, all of these species were ranked relatively 
low in our climate change vulnerability analysis. 
Modeling of high-elevation forests predicts significant 
shifts in suitable habitat during the 21st century (e.g., 
Coops and Waring 2011, Monserud et al. 2008). If 
such shifts result in widespread mortality, planting of 
additional high-elevation species may become an 
important management option. An example of one 
higher-vulnerability species recently planted in the 
area is sugar pine; nearly 29,000 seedlings were 
planted on Warm Springs Reservation in 2004. Sugar 
pine on the adjacent Mt. Hood National Forest is at the 
extreme northern edge of its distribution and is in poor 
condition as a result of white pine blister rust damage 
and mountain pine beetle infestation (Doede and 
Hildebrand 2007). Research on genetic resistance of 
sugar pine to Cronartium ribicola is ongoing at 
Dorena Genetic Resource Center. 

The potential impact of climate change presented here 
is just one of a number of considerations when 
planning the restoration and conservation of a 
particular tree species. For example, a look beyond the 
vulnerability rankings is necessary in the case of 
western white pine, which had a relatively low overall 
vulnerability score of 39. This was due in part to 
minimum scores (0) for the reproductive capacity and 
adaptive genetic variation factors. However, western 
white pine mortality has been very high due to the 
introduced pathogen Cronartium ribicola, which 
causes white pine blister rust (Kinloch 2003). National 
forests continue to screen western white pine trees to 
find rust-resistant families and to develop and maintain 
orchards for the production of rust-resistant seed 
(Sniezko 2006). This work is critical for the restoration 
of western white pine across the landscape. Thus, a 
relatively low climate change vulnerability score for 
this tree species is not indicative of all present threats 
to the species—threats that would be significant even 
in the absence of climate change—or the degree to 
which conservation and restoration is needed. 

Disturbance associated with climate change, including 
major droughts, insects and diseases, and wildfire, 
may have an increasing influence on many tree species 
in the future. In this vulnerability analysis we chose to 
use only risk factors based on attributes and threats 
that were already documented, as opposed to predicted 
future conditions, which would introduce an added 
level of uncertainty. Thus, we included drought 
tolerance and documented insect and disease threats in 
our risk factors but did not include predictions of 
future wildfire frequency. Similarly, we chose not to 
include future habitat shifts predicted by climate 
envelope models (Aubry et al. 2011). Quantification of 
future wildfire risk for a vulnerability assessment such 
as this would require:  

• Assumptions regarding the frequency and 
intensity of wildfire (and the extent of wildfire 
suppression) across the range of habitats that 
each tree species is predicted to occupy at a 
given point in the future. 

• For each tree species, one would need to 
quantify whether its existing ecological 
adaptations to fire would be sufficient under a 
predicted future fire regime. 

Although we did not include wildfire risk in our 
quantitative analysis, we reviewed the adaptations of 
individual tree species to wildfire during the course of 
this project. This information is summarized in tables 
A2-16 and A2-17. 

Ecological and practical considerations influenced the 
size of the study area for this vulnerability assessment. 
We chose to separate northwestern Oregon from the 
forests east of the Cascade Range owing to substantial 
differences in climate, forest types, and disturbance 
regimes. Likewise, the forests of southwestern Oregon 
were different enough to warrant a separate 
assessment. If an assessment area were too broad and 
ecologically diverse, a single set of risk factors might 
not be applicable to the entire area. Conversely, if the 
area of analysis were limited to a single national 
forest, broader geographic trends, such as  
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Table A2-16. Influence of fire on group 1 tree species of northwestern Oregon1 

Species 
Fire resistance of mature 

trees 

Fire in typical habitat 

Frequency2 Intensity 
Alaska yellow-cedar Low Low; MFRI 150-350+ yr High 

Bigleaf maple Low, but sprouts vigorously Variable; often grows on 
moister soils where MFRI is 
longer 

Variable 

Black cottonwood Low, but sprouts vigorously Variable, depends on site forest 
type 

Variable, depends on site 
and forest type 

Douglas-fir Moderate to high Frequency increases on drier 
sites 

Intensity increases with 
longer MFRI 

Engelmann spruce Very low Low; MFRI 150+ yr High 

Grand fir - white fir Moderate Variable, more frequent on drier 
sites 

Variable; increases with 
longer MFRI 

Lodgepole pine Moderate; survives low-
severity fire 

Variable; MFRI often 25-75+ yr Variable 

Mountain hemlock Low Low; MFRI 400-800 yr High 

Noble fir Low to moderate Moderate; average MFRI      
40-60 yr 

Moderate 

Oregon white oak High Historical MFRI estimated to be 
5-30 yr 

Historically, intensities were 
low 

Pacific silver fir  Very low Low; MFRI <200 yr High 

Ponderosa pine High High prior to settlement, MFRI 
<30 yr; now less frequent 

Increases with longer MFRI 

Red alder Resistant to low-intensity fire Infrequent on moist sites where 
it usually occurs 

Variable 

Shore pine Low to moderate Fires are rare in coastal habitat Unknown 

Sitka spruce Very low Low; MFRI 150-350+ yr High 

Subalpine fir Very low Low; MFRI >100 yr Usually high 

Sugar pine Moderate to high; mature trees 
survive most fires 

Historically frequent; now 
variable, but more frequent 
on drier sites 

Variable 

Western hemlock Low Low High 

Western larch High; regenerates rapidly from 
seed 

Variable; MFRI 25-75+ yr Variable 

Western redcedar Low; moderate for very large 
trees 

Low; MFRI 50-350 yr High 

Western white pine Moderate; regenerates well 
after severe fire 

Variable Variable 

Whitebark pine Moderate; survives low-
severity fire 

Variable; MFRI 30-350+ Variable 

1 Data from Fischer et al. (1996) and Agee (1993). 
2 MFRI = mean fire-return interval. 
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physiographic influences on species distribution, are 
less likely to be apparent. 

The interactive nature of the five risk factors was 
evident when comparing the results of three-factor and 
five-factor analysis of Oregon white oak. Oregon 
white oak was the only species that increased 
significantly in vulnerability ranking under the three-
factor analysis, compared to the results of the five-
factor analysis. Scores of 100 for the reproductive 
capacity and adaptive genetic variation risk factors 
were responsible for this high ranking in the three-
factor analysis. However, after examining the scores in 
greater detail, we determined that Oregon white oak 

should not be included in the same high-vulnerability 
class as the high-elevation conifers. Within the 
reproductive capacity risk factor, Oregon white oak 
received a high ranking because of high scores for 
seed dispersal vector (primarily animal-dispersed) and 
its moderate fecundity level. In the adaptive genetic 
variation risk factor, Oregon white oak’s high 
vulnerability score is solely a result of its narrow seed 
zone elevation band width. Whereas these variables 
are important indicators of vulnerability to climate 
change, Oregon white oak is also a highly drought-
tolerant species, and it’s low vulnerability score for the 
habitat affinity risk factor suggests that, unlike the 

Table A2-17. Influence of fire on group 2 tree species of northwestern Oregon1 

Species 
Fire resistance of mature 

trees 

Fire in typical habitat 

Frequency2 Intensity 
Bitter cherry Low, but sprouts readily after 

top-kill 
Variable; occurs in a wide variety 

of forest types 
Variable 

Cascara  Low, but sprouts readily after 
top-kill 

Variable, depending on forest 
type; MFRI 30-320 yr 

Variable 

Golden chinquapin Low to moderate for thick-
barked mature trees; 
sprouts readily after top-kill 

Variable, depending on forest 
type 

Variable 

Incense-cedar Increases with age; large trees 
have moderate resistance 

Historically frequent; now 
variable, but more frequent on 
drier sites 

Variable 

Oregon ash Unknown; sprouts readily after 
top-kill 

Probably infrequent on moist sites 
where it usually occurs 

Unknown 

Pacific dogwood Unknown; sprouts readily after 
fire 

Variable Variable 

Pacific madrone Low; sprouts readily from burl 
after top-kill 

Historically frequent; now 
variable, but more  frequent on 
drier sites 

Variable; historically low 
to moderate 

Pacific willow Unknown, but likely sprouts 
after fire 

Probably infrequent on moist sites 
where it usually occurs 

Unknown 

Pacific yew Very low Abundance is positively related to 
time since last fire 

Often high, because 
MFRI are long 

Rocky Mountain maple  Low, but sprouts vigorously Variable; occurs in a wide variety 
of forest types 

Variable; occurs in a wide 
variety of forest types 

Scouler’s willow Low; sprouts vigorously after 
top-kill 

Variable, depending on forest 
type 

Variable 

Western crab apple Unknown Probably infrequent on moist sites 
where it usually occurs 

Unknown 

White alder Low Probably infrequent on moist sites 
where it usually occurs 

Unknown 

1 Data from Fischer et al. (1996) and Agee (1993). 
2 MFRI = mean fire-return interval. 
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high-elevation conifers, it will not be particularly 
threatened by climate-induced habitat loss. The 
disparity among the five risk factor scores for Oregon 
white oak shows the potential for interactive effects 
among the climate change risk factors. In this case, if 
habitat does not diminish and insect and disease 
threats remain low, then the high factor scores for 
reproductive capacity and adaptive genetic carry less 
urgency. 

During this analysis, important management issues 
arose that did not directly influence tree species’ 
vulnerability scores. For example, the distribution of 
Oregon white oak has been substantially altered, and 
in many areas dramatically reduced, by post-settlement 
changes in land management practices. These changes, 
including the lack of frequent fire in the landscape, 
have shaped the current extent and condition of the 
species. Management of Oregon white oak on the Mt. 
Hood and Gifford Pinchot National Forests and the 
Columbia River Gorge National Scenic Area will be 
discussed in a separate restoration strategy to be 
developed during 2012. Another important issue that 
did not affect vulnerability scores is that of the disjunct 
populations of Pacific silver fir and noble fir in 
Oregon’s Coast Range. These populations did not alter 
vulnerability scores because they do not significantly 
affect the climate change vulnerability of the tree 
species within the entire study area; however, because 

the disjunct populations themselves may be at risk 
under projected climate change, we address them in 
our recommendations (action item 1E). 

VULNERABILITY OF GROUP 2 
TREE SPECIES 
Group 2 includes 13 tree species that are not 
significant components of the forest canopy, owing to 
small size or because they typically occur as scattered 
individuals or components of the mid-story rather than 
the forest overstory. Because many of the group 2 tree 
species have not been studied as thoroughly as the 
group 1 species, available information was often 
insufficient to perform a quantitative vulnerability 
assessment as we did with the group 1 species. Here, 
we review habitat and reproductive aspects of group 2 
tree species that may influence their vulnerability to 
changes in climate. 

Shade and Drought Tolerance 

The tree species of group 2 vary widely in habitat 
requirements and habitat specificity. In table A2-18, 
the 13 group 2 species are organized according to 
drought and shade tolerance. Among these trees 
species, the 7 species of low shade tolerance are most 

likely to establish as early 
successional species after 
forest canopy disturbance 
(e.g., disturbances resulting 
from floods, windstorms, 
fires, or harvest). Over 
time, and without 
additional disturbances, 
these species are usually 
replaced by larger conifers, 
which create too much 
shade for these smaller, 
early successional species 
to persist. A notable 
exception to this pattern 

 
Table A2-18. Shade tolerance and drought tolerance of group 2 tree species 

Drought 
tolerance 

Shade tolerance 

Low Medium High 
Low Pacific willow 

White alder 

Western crab apple  

Medium Scouler’s willow 

Bitter cherry 

Oregon ash1 

Cascara 

Douglas maple 

Pacific dogwood 

Pacific yew 

High Pacific madrone 

Golden chinquapin 

 Incense-cedar2 

1 Toward the southern part of its range, Oregon ash is increasingly found on sites where summer 
conditions are droughty. 
2 Young trees are shade-tolerant, but partial sunlight is necessary to achieve full growth at 
maturity. 
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occurs where soils are unsuitable for conifer 
establishment. For example, where seasonal flooding 
occurs, flood-tolerant species such as Oregon ash and 
Pacific willow may persist without competition from 
conifers. Alternatively, highly drought-tolerant species 
such as Pacific madrone and golden chinquapin may 
persist as part of the forest canopy on harsh, dry sites 
where conifers establish and grow at a slower rate and 
are thus less competitive. 

The four group 2 species of medium shade tolerance 
are capable of surviving beneath a partial forest 
canopy, although their growth and reproductive rates 
are generally better under full sunlight. These species 
may establish at forest edges or where small gaps 
occur in the forest canopy following mortality of one 
or more overstory trees. The four species of medium 
shade tolerance also occur following larger scale 
disturbances, although their relatively small sizes do 
not allow them to become part of the forest canopy. 
With the exception of western crab apple, these 
species are of moderate drought tolerance; western 
crab apple is most prevalent on wet sites where it has a 
competitive advantage owing to its tolerance of 
seasonal flooding. 

Within the group 2 species, only Pacific yew and 

incense-cedar are classified as shade-tolerant. Pacific 
yew occurs on a wide range of sites, in full sunlight or 
in the shade of a conifer overstory. The species is 
unique in that it is well-adapted to growing and 
reproducing under complete shade. In northern 
California, Pacific yew was found to become 
increasingly common in older conifer stands, where 
stand-replacing fires were rare (Scher and Jimerson 
1989). Incense-cedar is not as shade-tolerant as Pacific 
yew, although it can persist in the forest understory for 
decades until an opening in the canopy allows 
increased access to sunlight. Incense-cedar is highly 
tolerant of harsh, dry soil conditions. 

Reproduction 

The group 2 species can be divided into four groups 
based on seed type and dispersal mechanism (table 
A2-19), although detailed information on attributes 
such as dispersal distance and level of seed production 
is unavailable for many of these species. Pacific 
willow and Scouler’s willow produce substantial 
numbers of very small, light seeds bearing fine hairs; 
these seeds are capable of traveling long distances via 
wind or water. White alder produces small, winged 

 
Table A2-19. Reproductive characteristics of Group 2 tree species  

Species Pollination vector Seed type and dispersal 
Primary seed 

dissemination vector 
Pacific willow 

Scouler’s willow 

Insect 

Insect 

Abundant, very small seeds; may 
be dispersed miles  

Wind 

White alder Wind Abundant, small seeds; may be 
dispersed 100s of yards 

Wind 

Douglas maple 

Oregon ash 

Incense-cedar 

Insect, wind 

Wind 

Wind 

Large, heavy seeds; probably 
limited dispersal distance 

Wind; animal vectors of 
lesser importance 

Pacific madrone  

Western crab apple 

Bitter cherry 

Cascara 

Pacific dogwood 

Pacific yew 

Golden chinquapin 

Insect 

Insect 

Insect 

Insect 

Insect 

Wind 

Wind, insect 

Seed type varies; may occasionally 
be dispersed miles depending on 
vector 

Birds and small mammals 
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seeds that typically fall within several hundred yards 
of the parent tree. Douglas maple, Oregon ash, and 
incense-cedar produce relatively large, winged seeds 
that are primarily dispersed by wind. Dispersal 
distance of these seeds is apparently limited unless 
they are carried by strong winds, or in the case of 
Oregon ash and Douglas maple, transported by 
animals. The fourth species group is defined by the 
fact that its seed is dispersed primarily by animals. 
Seeds of these seven species often are cached or 
dropped within several hundred yards of the parent 
tree, but there is potential for the seed to be transported 
great distances. Of the group 2 species, more than half 
are predominantly insect-pollinated. 

All group 2 tree species, with the exception of incense-
cedar, are capable of reproducing both vegetatively 
and sexually. In many types of vegetative 
reproduction, a developed root system already exists, 
potentially facilitating rapid growth in the initial 
months and years following a disturbance. Forms of 
vegetative reproduction among various group 2 
species include stump sprouts, root collar (i.e., the 
base of the stem) sprouts, root sprouts, and layering 
(i.e., sprouting of branches that have sagged and 
contacted the soil). However, vegetative reproduction 
originating from stump or root sprouts or layering does 
not provide the potential for propagule dispersal, as 
does sexual reproduction. This substantially limits 
colonization of new habitat created by stand-replacing 
disturbance. Furthermore, vegetative reproduction is 
clonal and thus does not create the variety of 
genotypes that are produced by sexual reproduction. 
For this reason, vegetative reproduction does not 
facilitate genetic adaptation to a changing 
environment. 

Implications for Climate Change 

Most of the group 2 tree species occur as minor 
components of multiple forest types and projected 
climate changes may affect these species differently 
across elevation gradients and different forest 
communities. For example, based on projections of 

increased summer moisture deficit, the group 2 tree 
species that are highly drought-tolerant may become 
more competitive in areas presently dominated by less 
drought-tolerant tree species. However, under these 
climate projections, the same drought-tolerant group 2 
species also may lose suitable habitat on sites that are 
already marginal owing to lack of moisture. The group 
2 species that often colonize disturbed sites near 
streams and rivers (i.e., the willow species, white 
alder, and Oregon ash) may have increased 
opportunity for establishment under climate scenarios 
in which snowmelt and precipitation patterns increase 
major flood events, which create new habitat for them. 

Tree species that interact with animals to facilitate 
their reproduction are vulnerable to climate change 
because any change in the animal’s behavior or 
distribution could affect the tree species’ reproduction, 
as noted in our vulnerability assessment of group 1 
species. For example, in group 1, whitebark pine is 
dependent on a single bird species, Clark’s nutcracker, 
for primary seed dispersal (Aubry et al. 2008). This 
suggests that whitebark pine would have a high level 
of vulnerability to climate-induced changes in the 
distribution or behavior of Clark’s nutcracker. 
Although many of the group 2 species are insect-
pollinated or produce seed that is dispersed by 
animals, vulnerability to climate change is likely to 
differ among these tree species based on their number 
of animal associates, the specificity of the 
relationships, and other factors. Most insect-pollinated 
plant species have multiple pollinator species, 
sometimes 30 or more (Kearns et al. 1998, Waser et al. 
1996). Similarly, plants producing animal-dispersed 
seed have multiple species providing dispersal vectors 
(Herrera 1985). While it is likely that vulnerability to 
climate change is lower for tree species associated 
with many species of pollinators or seed dispersers, 
these associations are not well-documented for most of 
the group 2 tree species. Therefore, if reproductive 
limitations emerge for any group 2 species based on 
pollen or seed vectors, these changes should be 
investigated to determine causes and potential 
mitigation measures.  
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INTRODUCTION 
Genetic diversity within and among populations is 
important for a number of reasons, and its 
conservation has become a priority for many species. 
Genetic diversity provides the raw material for 
adapting to changing environments; therefore, 
conservation of genetic diversity protects a 
population’s evolutionary potential, which may be 
especially important under climate change or 
increasing pressures from insects and diseases. Gene 
conservation refers to the tools used to protect and 
maintain genetic diversity. Gene conservation can be 
ex situ, meaning that resources are maintained “off 
site” or outside of a species’ native range (e.g., seed 
banks, seed orchards, off-site plantings); or in situ, 
meaning that resources are maintained “on site” or 
within the native range or source of the population 
(e.g., parks, preserves, and unmanaged lands). 

EX SITU GENETIC RESOURCES 

Seed Orchards 

Tree seed orchards in northwestern Oregon provide an 
excellent resource for ex situ gene conservation for a 
limited number of species. This resource is shown by 
orchard and species for the three national forests in 
tables A2-20, A2-21, and A2-22. 

Seed Storage 

Seed storage for the national forests in northwestern 
Oregon is maintained at two facilities. Bulked 
reforestation seed lots, which include seed from 
multiple parent trees, are stored at the J. Herbert Stone 
nursery in Medford, Oregon. Of the group 1 tree 
species, bulk seedlots are available for all species with 
the following exceptions: 

• Mt. Hood National Forest lacks bulk seedlots 
for bigleaf maple, Alaska yellow-cedar, black 
cottonwood, and Oregon white oak (Sitka 
spruce is not present on the forest); 

Table A2-20. Ex situ genetic resources in seed orchards on the Mt. Hood National Forest 

Orchard name Species 
Breeding 

zone Elevation (ft) 
Orchard area 

(ac) 

Number of 
families in 

orchard 
Dee Flat Douglas-fir 202-06012 1,000-2,000 10 200 
 Western larch 073-06025 >4,000 3 100 
South Fork Douglas-fir 202-06013 2,000-3,000 17 360 
  202-06014 3,000-4,000 23 300 
  

 
 

202-06015 >4,000 5 100 
 Noble fir 022-06014 3,000-4,000 17 194 
  022-06015 >4,000 11 159 
Keeps Mill Ponderosa pine 122-06023 2,000-3,000 5 235 
  122-06024 3,000-4,000 5 235 
Monticola Western white pine 199-06020 all 10 46 
Annex Douglas-fir 202-06025 >4,000 8 135 
TOTAL     114 2,064 
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Table A2-21. Ex situ genetic resources in seed orchards on the Siuslaw National Forest 

Orchard name Species Breeding zone Elevation (ft) 
Orchard 
area (ac) 

Number of 
families in 

orchard 
Beaver Creek Douglas-fir CB 202-12012 500-1,500 2 128 
  CB 202-12021 <1,000 2 195 
  CB 202-12022 1,000-2,000 2 280 
  SO 202-12012 500-1,500 10 50 
  SO 202-12021 <1,000 5 54 
  SO 202-12031 <1,000 0.5 57 
  SO 202-12012 500-1,500 1 17 
  SO 202-12022 1,000-2,000 5 79 
 Western redcedar SO 242-12011 <500 2 50 

TOTAL     29.5 910 

 
 

 

 
Table A2-22. Ex situ genetic resources in seed orchards on the Willamette National Forest  

Orchard name Species 
Breeding 

zone Elevation (ft) 
Orchard area 

(ac) 

Number of 
families in 

orchard 
Buckhead Douglas-fir 202-18012 2,000-3,000 7 154 
  202-18012 3,000-4,000 13 55 
Foley Noble fir 022-18015 5,000-6,000 1 17 
  022-18033 3,000-4,000 15 324 
 Douglas-fir 202-18021 1,000-2,000 4 50 
  202-18022 2,000-3,000 10 200 
  202-18023 3,000-4,000 7 209 
  202-18024 4,000-5,000 4 50 
  202-18031 1,000-2,000 3 45 
  202-18032 2,000-3,000 11 208 
  202-18033 3,000-4,000 7 140 
Pebble Western white pine 119-18030 All 21 379 
Upper Foley Pacific silver fir 011-18034 4,000-5,000 1 20 
 Grand fir 017-18023 3,000-4,000 1 20 
 Douglas-fir 202-18034 4,000-5,000 1 19 
 Western redcedar 242-18032 2,000-3,000 4 32 
Westfir Sugar pine 117-18030 < 3,000 2 30 
 Douglas-fir 202-18011 1,000-2,000 10 168 
 Douglas-fir 202-18013 3,000-4,000 3 148 
TOTAL     125 2,268 
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• Siuslaw National Forest lacks bulk seedlots 
for bigleaf maple, black cottonwood, and 
western redcedar (Pacific silver fir, western 
white pine, subalpine fir, Alaska yellow-cedar, 
western larch, Engelmann spruce, sugar pine, 
ponderosa pine, Oregon white oak, mountain 
hemlock, and whitebark pine are not present 
on the forest); and 

• Willamette National Forest lacks bulk seedlots 
for subalpine fir, bigleaf maple, black 
cottonwood,  Oregon white oak, and 
whitebark pine (western larch and Sitka spruce 
are not present on the forest). 

Across all species on all forests, more than 6,500 lbs 
(2,960 kg) of seed are currently in storage. However, 
much of this seed is more than 25 years of age and of 
questionable viability. The seed should be tested and 
unusable seed removed from the inventory.  

Select tree seedlots, which are seed from a single, 
source-identified tree usually with some desirable 
qualities, are maintained at the Dorena Genetic 
Resources Center in Cottage Grove, Oregon (table A2-
23). As with the bulk seedlots, many of these select 
tree seedlots are old, and viability testing is needed to 
assess their condition. 

IN SITU GENETIC 
RESOURCES 
There are extensive areas of 
protected habitat in northwestern 
Oregon that serve as reserves of in 
situ genetic resources for these 
national forests. For example, there 
are more than 715,000 ac (290,000 
ha) of wilderness areas on the three 
national forests. Other protected 
areas include research natural areas 
and late successional reserves 
administered by the U.S. Forest 
Service, as well as in situ resources 
on lands under other ownership 
outside of the national forests, 
notably BLM and Oregon 
Department of Forestry.  

Table A2-23. Ex situ genetic resources in single-tree seedlots in 
storage at the Dorena Genetic Resources Center 

National forest Species 
Number of 
seed lots 

Mt. Hood Pacific silver fir 24 
 Noble fir 797 
 Alaska yellow-cedar 12 
 Western larch 330 
 Whitebark pine 81 
 Sugar pine 10 
 Western white pine 868 
 Ponderosa pine 417 
 Douglas-fir 2,235 
Siuslaw Douglas-fir 1,715 
Willamette Pacific silver fir 69 
 Noble fir 597 
 Grand fir 133 
 Alaska yellow-cedar 2 
 Incense-cedar 52 
 Engelmann spruce 69 
 Knobcone pine 5 
 Lodgepole pine 3 
 Sugar pine 391 
 Western white pine 945 
 Ponderosa pine 22 
 Douglas-fir 2,339 
 Western redcedar 133 
 Western hemlock 83 
 Mountain hemlock 12 
TOTAL  11,344 
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RECOMMENDATIONS                                                              
AND ACTION ITEMS 
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The recommendations and action items developed 
during the course of this project fall into three 
categories: 

1. Learn about and track changes in plant 
communities as the climate changes. Collect 
baseline data where needed. Monitor the 
impacts of a warming climate on the 
distribution and health of forest tree species. 
Look for triggers, such as an increase in the 
frequency of large-scale disturbance, that will 
indicate a need for a change in management 
approach. 

2. Maintain and increase biodiversity and 
increase resiliency. Focus on increasing stand 
diversity of native forest trees through 
thinning and planting. Increase disease 
resistance. Preserve genetic diversity, 

especially of isolated populations, and 
implement ex situ gene conservation where 
appropriate. 

3. Prepare for the future. Given uncertainty 
about how climate changes will unfold, a 
number of future scenarios are possible. Select 
activities that will work under a variety of 
scenarios including a potential increase in 
disturbances such as fires, wind storms, and 
floods, which could be followed by greater 
spread of invasive plant species. 

Based on the findings of our analysis, we created 
action items for the northwestern Oregon national 
forests (table A2-24). Recommendations and action 
items are focused on present conditions with the 
assumption that existing policy and law will continue 
to guide land managers over the next few years. 

 
Table A2-24. Action items for the Mt. Hood, Siuslaw, and Willamette National Forests, based on the results of a 

climate change vulnerability assessment1 

No. Action 

 1. Learn about and track changes in plant communities as the climate changes 

1A CONTINUE AND EXPAND THE SURVEY AND MAPPING PROGRAM FOR WHITEBARK PINE, WITH PARTICIPATION BY ALL LAND 

MANAGEMENT AGENCIES WITH WHITEBARK PINE HABITAT IN OREGON. This effort should include a refinement of the 
existing state-wide GIS layer of whitebark pine occurrences. Readily accessible data on whitebark pine’s present 
distribution is essential for monitoring and managing the species under climate change and pathogen threats. (Item 
refers only to Mt. Hood and Willamette National Forests.) 

1B DEVELOP A CONSERVATION AND MONITORING PLAN FOR THE HIGH-ELEVATION TREE SPECIES THAT RANKED HIGHEST IN 

VULNERABILITY TO CLIMATE CHANGE BUT THAT HAVE NOT BEEN MANAGED IN THE PAST: SUBALPINE FIR, MOUNTAIN HEMLOCK, 
AND ALASKA YELLOW-CEDAR. This work may be facilitated by focusing on plant association groups (PAGs) or forest 
series that contain these vulnerable tree species. 

1C CATALOG INFORMATION ON ALL KNOWN OFF-SITE FOREST PLANTATIONS ON THE NATIONAL FORESTS, AND CREATE A GIS LAYER 

OF THESE PLANTATIONS. In the past, seed sources used for reforestation were sometimes not well-matched to the 
seed zones in which the seedlings were planted. Some of these off-site plantations may now provide valuable 
information on response of trees to climatic stressors comparable to those predicted to occur under future climate 
change scenarios. 

1D MONITOR VEGETATIVE AND REPRODUCTIVE PHENOLOGY IN SEED ORCHARDS. Timing of phenology is closely linked to 
climate, and collecting data on annual phenology and microclimate will allow us to determine if there are trends in 
how trees are responding to annual climate variation. A pilot program was established in 2011 in the Dennie Ahl 
Seed Orchard (Olympic National Forest) to develop protocols to monitor phenology of conifers in seed orchards in 
the Pacific Northwest in partnership with Dr. Constance Harrington of Pacific Northwest Research Station and the 
Washington State Department of Natural Resources. 

 



Appendix 2: Climate Change and Forest Trees in Northwestern Oregon         A2-69 
 

   

Table A2-24, continued 

No. Action 

1E ASSESS GENETIC VARIATION AND POPULATION STRUCTURE IN TWO SPECIES WITH DISJUNCT POPULATIONS IN THE COAST 

RANGE: PACIFIC SILVER FIR AND NOBLE FIR. These disjunct populations, as well as a range of populations from across 
the full distribution of the species, should be sampled for genetic analysis. These projects would include 
partnerships with Oregon Department of Forestry (ODF) and the National Forest Genetics Laboratory, where 
genetic analysis would be performed. Assessing genetic variation and population structure of species with disjunct 
populations is necessary to determine if these populations are genetically distinct from populations within the 
contiguous part of the species’ distribution. This information is important because these disjunct populations could 
become refugia under predicted climate change scenarios or, conversely, they might be more severely impacted 
because lack of gene flow would limit opportunities for immigration of more highly adapted genes from other 
populations. 

2. Maintain and enhance biodiversity and increase resiliency 

2A CONTINUE THE NATIONAL FORESTS’ THINNING PROGRAMS. These programs achieve: (1) promotion of greater biodiversity 
by increasing the proportion of less abundant conifer and hardwood tree species, (2) the development of 
understory vegetation, (3) enhancement of the habitat value provided by forest stands, and (4) increased stand 
resistance and resiliency to disturbance and environmental stressors. 

2B CONTINUE TO INCLUDE A VARIETY OF TREE SPECIES IN PLANTING PRESCRIPTIONS, WITH AN EMPHASIS ON UNDER-REPRESENTED 

TREE SPECIES. 

2C EXPAND GENE CONSERVATION COLLECTIONS. Seed from rare species and disjunct populations should be collected for 
long-term ex situ gene conservation. These efforts are already under way for whitebark pine, but to date no 
collections have been made for other species. Seed should be collected and sent to the USDA Agricultural 
Research Service National Center for Germplasm Preservation in Ft. Collins, CO, for Coast Range populations of 
Pacific silver fir and noble fir. This project would include a partnership with ODF. 

3. Prepare for the future 

3A PARTNER WITH OTHER LAND MANAGERS IN NORTHWESTERN OREGON TO CREATE A VIRTUAL COOPERATIVE TREE SEED BANK. 
This would increase the likelihood that appropriate seed will be available for reforestation after large-scale 
disturbances such as fire or insect outbreaks. Landowners can maintain their own seed inventories, but enter in 
cooperative agreements to share seed in the event of a major disturbance. As a first step, Forest Service personnel 
should form a partnership with silviculturists, geneticists, and seed managers from ODF, Bureau of Land 
Management, and others to develop an approach for sharing information and seed. 

3B MAINTAIN AN INVENTORY OF HIGH-QUALITY SEED FOR TREE SPECIES THAT ARE LIKELY TO BE NEEDED OVER THE NEXT 20 YEARS. 
Place a priority on species that can be planted after disturbance. Accomplish this through the following steps: 
• Assess the viability of seed stored at the Forest Service storage facility at JH Stone Nursery; 
• Retest viability as needed; 
• Discard non-viable seed; 
• Update Seed Procurement Plans to include new and replacement collections. 

3C MAINTAIN AREA SEED ORCHARDS, WHICH SERVE AS GENE CONSERVATION AREAS AND ARE THE NATIONAL FORESTS’ MOST 

EFFICIENT SOURCE OF HIGH QUALITY TREE SEED. 
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Table A2-24, continued 

No. Action 

3D ASSESS SEED VIABILITY OF INDIVIDUAL SELECTED TREE LOTS IN STORAGE. The three national forests in northwestern 
Oregon have at least 11,344 single tree seedlots from selected trees in storage at the Dorena Genetic Resources 
Center. Many of these seedlots have been in storage for one or more decades and their viability is unknown. 
Viability testing is expensive and time-consuming so it is impractical to test every seedlot. Geneticists and 
silviculturists should jointly develop a prioritized list of seedlots for viability testing. Priority for testing should be 
based on several factors, including: (1) climate change vulnerability rank of the species, (2) initial (or subsequent) 
viability test results, (3) age of seed, and (4) amount of seed available. Top priority should be given to highly 
vulnerable species, seedlots with low initial viability, older seed, and lots with a large amount of seed available. 

1Unless noted otherwise, action items apply to all three national forests. 
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INTRODUCTION 
Climate change projections for the Pacific Northwest 
include year-round warming and potentially increased 
winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009). The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). However, there is a 
limited amount of information on climatic tolerance 
for many tree species and even less information on 
what complex interactions could result from 
ecosystem-wide exposure to a changing environment. 

   

OUR GOAL 
The goals of this analysis are to conduct a climate 
change vulnerability assessment of forest tree species 
and propose practical management actions that will 
work under a variety of future climate scenarios and 
can be implemented by the national forests in eastern 
Washington in cooperation with other land managers. 

OBJECTIVES 
The specific objectives of this analysis are to: 

1. Assess the relative vulnerability of forest tree 
species to projected climate changes. 

2. Recommend actions that will improve 
understanding of changes taking place among tree 
species, maintain and increase biodiversity and 
increase resiliency, and prepare for an uncertain 
future. 

3. Collaborate in the implementation of these actions 
with other land managers in eastern Washington. 

FORESTS OF EASTERN 
WASHINGTON  
The eastern Washington study area includes a total of 
7.7 million ac (3.1 million ha), encompassing the 
Colville and Okanogan-Wenatchee National Forests 
and an associated buffer area (see map at top of next 
page). The Colville and Okanogan-Wenatchee 
National Forests comprise 1.1 million ac (0.4 million 
ha) and 4.3 million ac (1.7 million ha), respectively. 
Approximately 3 and 35 percent of these forests, 
respectively, are designated wilderness areas. 

Vegetation management on eastern Washington’s 
national forests is conducted to meet a wide variety of 
objectives designed to diversify and improve forest 
structure. During 2008 through 2010, the Colville and 
Okanogan-Wenatchee National Forests commercially 
thinned averages of 3,190 and 2,830 ac (1,290 and 
1,150 ha) of forest land, respectively, each year. 
Averages of 2,230 and 7,230 ac (900 and 2,930 ha) per 
year were precommercially thinned on these two 
forests during the same period.  

On the Colville and Okanogan-Wenatchee National 
Forests, respectively, averages of 450 and 1,990 ac 
(180 and 810 ha) of forest land were planted annually 
during 2008-2010. The Colville National Forest 

 

How can the national forests in 
eastern Washington conserve 
biodiversity and increase 
resiliency given the predicted 
changes in temperature and 
precipitation? 
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planted ponderosa pine, western larch, western white 
pine, and Douglas-fir. The Okanogan-Wenatchee 
National Forest planted primarily ponderosa pine, 
Douglas-fir, and western larch. A small amount of 
Engelmann spruce, western white pine, western 
redcedar, and whitebark pine also was planted. 

FOREST TREE SPECIES 
We organized the tree species of eastern Washington 
into two groups (see box on next page). Group 1 
consists of 21 overstory tree species that are common 
in major portions of eastern Washington and are thus 
important components of the forest canopy and overall 
forest structure. These group 1 species are a major 
focus of this report because changes in their 
distribution or health could affect forest structure and 
habitat at a broad scale. Group 2 includes trees that are 
not significant components of the forest canopy owing 
to small size or to limited occurrence in eastern  

Washington; these species may occur infrequently 
across broad areas or may be common within a limited 
habitat. 

We created distribution maps for all tree species of 
eastern Washington to show documented occurrences 
using the latest available data (appendix 7; example 
shown to left).  

Drawing on information from a variety of published 
sources, we compiled profiles of the eastern 
Washington tree species (appendix 8). These profiles 
emphasize biological and ecological characteristics 
that were deemed relevant to the trees’ potential 
adaptation to predicted changes in climate. 
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 FOREST TREE VULNERABILITY 
ASSESSMENT 

Methods 

A vulnerability assessment is a systematic process of 
identifying and quantifying the areas of vulnerability 
within a system (Glick and Stein 2010), or in this case, 
forest tree species. Our objectives for vulnerability 
assessment were to: (1) select a method that is 
straightforward to apply, transparent, flexible, and 
provides for easy application of sensitivity analysis; 
and (2) rank the tree species of group 1 according to 
their vulnerability to climate change impacts.  

After testing several methods, we chose the Forest 
Tree Genetic Risk Assessment System, which rates 
each species according to intrinsic attributes and 
external threats that can influence the species’ 
vulnerability to climate change (Potter and Crane 
2010). We ranked tree species for a number of 
characteristics organized into five risk factors: 
distribution, reproductive capacity, habitat affinity, 
adaptive genetic variation, and threats from insects and 
disease. Each risk factor contained multiple variables 
quantifying each tree species’ vulnerability to climate 
change. 

We calculated an overall climate change vulnerability 
score (0 to 100) for each species by averaging the five 
risk factors, which were weighted equally. A higher 
score indicates higher climate change vulnerability as 
measured by these risk factors. 

NATIVE TREE SPECIES OF EASTERN 
WASHINGTON 

Group 1: Widespread forest canopy species 

Pacific silver fir 
Grand fir 
Subalpine fir 
Noble fir 
Bigleaf maple 
Paper birch 
Alaska yellow-cedar 
Subalpine larch 
Western larch 
Engelmann spruce 
Whitebark pine 
Lodgepole pine 
Western white pine 
Ponderosa pine 
Black cottonwood 
Quaking aspen 
Douglas-fir 
Oregon white oak 
Western redcedar 
Western hemlock 
Mountain hemlock 

Group 2: Less common or non-canopy species 

Rocky Mountain maple 
Red alder 
Water birch 
Netleaf hackberry 
Cascara 
Rocky Mountain juniper 
Bitter cherry 
Pacific willow 
Scouler’s willow 
Pacific yew 
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Group 1 Tree Species 

Several trends were evident in the vulnerability scores: 

• Among the 21 group 1 tree species, overall 
vulnerability scores ranged from 28 to 74 (lowest 
and highest scores possible were 0 and 100, 
respectively). When species were ranked by score, 
the scores were distributed relatively evenly, with 
the largest gap between scores occurring between 
the highest ranked species, whitebark pine (74), 
and the second-ranked species, subalpine fir (64). 

• The most common low- to mid-elevation conifers, 
Douglas-fir, ponderosa pine, western larch, 
western hemlock, and western redcedar, all were 
in the lower half of the vulnerability ranking. 

• Many of the important commercial species 
including Douglas-fir, ponderosa pine, and 
western larch had relatively low vulnerability 
scores. All four of the true firs, however, had 
relatively high scores. 

• With the exception of Oregon white oak, which 
ranked in the top group, the other broadleaf 
species occurred in the lower half of the ranking. 

• Vulnerability of tree species generally increased 
with increasing mean elevation of occurrences. 

Group 2 Tree Species 

Group 2 tree species were not significant components 
of the forest canopy, owing to small size or because 
they typically occur as scattered individuals or 
components of the mid-story rather than the forest 
overstory. Relative to group 1 species, little biological 
information was available for many of them. 
Therefore, instead of a formal vulnerability 
assessment, we examined general habitat requirements 
and reproductive characteristics relevant to climate 
change vulnerability. 

Results: Group 1 species (widespread forest 
canopy trees) of eastern Washington, ranked by 
overall climate change vulnerability score; higher 
scores indicate greater vulnerability. 

Tree species 
Overall vulnerability 

score 

Whitebark pine 74 

Subalpine fir 64 

Pacific silver fir 62 

Oregon white oak 62 

Subalpine larch 60 

Grand fir 60 

Engelmann spruce 57 

Noble fir 54 

Lodgepole pine 51 

Alaska yellow-cedar 50 

Mountain hemlock 50 

Bigleaf maple 47 

Douglas-fir 45 

Western redcedar 45 

Western hemlock 44 

Quaking aspen 44 

Ponderosa pine 39 

Western larch 38 

Paper birch 35 

Western white pine 28 

Black cottonwood 28 

 

Implications for these species under a changing 
climate include: 

• Most of the group 2 tree species occur on sites 
with extreme moisture regimes (i.e., flooding 
or drought) or as understory components of 
multiple forest types.  

• The group 2 tree species that are highly 
drought-tolerant may become more 
competitive in areas presently dominated by 
less drought-tolerant tree species. 
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• The group 2 species that often colonize 
disturbed sites near streams and rivers (Pacific 
willow, Scouler’s willow, red alder, and water 
birch) may have increased opportunity for 
establishment under projected climate 
scenarios in which snowmelt and precipitation 
patterns increase major flood events (Elsner et 
al. 2010), which create new habitat for them. 

• Many group 2 tree species are insect-
pollinated or produce seed that is dispersed by 
animals; thus, these species are vulnerable to 
changes in animal behavior associated with 
climate. However, vulnerability is likely to 
differ among these tree species based on 
number of animal associates and the 
specificity of the relationships. 

RECOMMENDATIONS 
The recommendations developed during the course of this project fall into three categories: 

1. Learn about and track changes in plant communities as the climate changes. Collect 
baseline data where needed. Monitor the impacts of a warming climate on the distribution 
and health of forest tree species. Look for triggers, such as an increase in the frequency of 
large-scale disturbance, which will indicate a need to change our management approach. 
 

2. Maintain and increase biodiversity and increase resiliency. Focus on increasing stand 
diversity of native forest trees through thinning and planting. Increase disease resistance. 
Preserve genetic diversity, especially of isolated populations, and implement ex situ gene 
conservation where appropriate. 
 

3. Prepare for the future. Given uncertainty about how climate changes will unfold, a 
number of future scenarios are possible. Select activities that will work under a variety of 
scenarios including a potential increase in disturbances such as fires, wind storms, and 
floods, which could be followed by greater spread of invasive plant species. 

 

“The results of this vulnerability assessment suggest that high-
elevation tree species are at risk under a changing climate and 
thus should be a focus of conservation and monitoring.” 
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ACTION ITEMS BASED ON THE RESULTS OF THE 
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

EASTERN WASHINGTON 

1. Learn about and track changes in plant communities as the climate changes 

 Continue and expand the survey and mapping program for whitebark pine, with 
participation by all land management agencies that manage whitebark pine 
habitat in Washington.  
Readily accessible data on whitebark pine’s present distribution are essential for 
monitoring and managing the species under climate change and pathogen threats.  
 

 Develop a  conservation and monitoring plan for subalpine larch, a high-
elevation tree species that ranked high in vulnerability to climate change and 
has not been managed in the past. 
A cooperative program would be most beneficial because the range of subalpine larch 
is limited to the Mt. Baker-Snoqualmie and Okanogan-Wenatchee National Forests 
and the North Cascades National Park Complex (NCNPC) on lands between 5,500 
and 7,500 ft elevation. 
 

 Establish permanent plots at high elevations (above 4,500 ft) in the eastern 
Cascades of the Okanogan-Wenatchee National Forest and the NCNPC to 
monitor changes in tree growth, survival, and reproduction.  
Most of the higher-vulnerability tree species of eastern Washington are either limited 
to the east side of the Cascade Range (Pacific silver fir, subalpine larch, noble fir, 
mountain hemlock, Alaska yellow-cedar) or are relatively prevalent there (whitebark 
pine, subalpine fir, Engelmann spruce). 
 

 Monitor vegetative and reproductive phenology in seed orchards.  
Timing of phenology is closely linked to climate, and collecting data on annual 
phenology and microclimate will allow us to determine if there are trends in how trees 
are responding to annual climate variation. 

 
 

 
 
Note: full details of each action item appear in table A3-24 of this appendix. 
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ACTION ITEMS BASED ON THE RESULTS OF THE 
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

EASTERN WASHINGTON 
2. Maintain and enhance biodiversity and increase resiliency 

 Continue the national forests’ thinning programs. 
These programs achieve: (1) promotion of greater biodiversity by increasing the 
proportion of less abundant conifer and hardwood tree species, (2) the development 
of understory vegetation, (3) enhancement of the habitat value provided by forest 
stands, and (4) increased stand resistance and resiliency to disturbances, including 
fire and insect outbreaks, and environmental stressors, such as drought. 
 

 Continue to include a variety of tree species in planting prescriptions, with an 
emphasis on under-represented tree species. 
 

 Expand thinning and planting programs to include areas other than fuels 
reduction in the wildland-urban interface. 
A variety of elevations and species across the forests need to be treated to make a 
real difference in enhancing biodiversity and increasing resiliency. 
 

 Expand gene conservation collections. 
Seed from rare species and disjunct populations should be collected for long-term ex 
situ gene conservation. These efforts are already underway for whitebark pine, but to 
date no collections have been made for other species. 

 
3. Prepare for the future 

 Partner with other land managers in eastern Washington to create a virtual 
cooperative tree seed bank.  
This would increase the likelihood that appropriate seed will be available for 
reforestation after large-scale disturbances such as fire or insect outbreaks. 
Landowners can maintain their own seed inventories, but enter in cooperative 
agreements to share seed in the event of a major disturbance.  
 

 Maintain an inventory of high-quality seed for tree species that are likely to be 
needed over the next 20 years.  
Place a priority on species that can be planted after disturbance. 
 

 Maintain forest tree seed orchards.  
These serve as gene conservation areas and are the national forests’ most efficient 
source of high quality tree seed. 
 

 Assess seed viability of individual selected tree lots in storage.  
The two national forests in eastern Washington have 16,300 single-tree seedlots from 
selected trees in storage at the Dorena Genetic Resources Center. Many of these 
seedlots have been in storage for one or more decades and their viability is unknown. 



Appendix 3: Climate Change and Forest Trees in Eastern Washington         A3-13 
 

 

  

INTRODUCTION 
 



A3-14    Appendix 3: Climate Change and Forest Trees in Eastern Washington 
 

ASSESSING CLIMATE CHANGE 
EFFECTS ON PACIFIC 
NORTHWEST VEGETATION 
Anthropogenic climate change is a great challenge to 
sustainable management of forests and grasslands 
because the rate of climatic change will likely exceed 
some species’ capability to adapt, which in turn will 
alter plant communities and ecosystems. Climate 
change projections for the Pacific Northwest show 
year-round warming, and some models indicate 
increased winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009). The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). The effects of long-
term climate changes on the composition and structure 
of eastern Washington’s plant communities are 
difficult to predict. There is a limited amount of 
information on the climatic tolerances of many species 
and even less information on what complex 
interactions could result from ecosystem-wide 
exposure to a changing environment. 

In 2008, a study was initiated to determine how best to 
adapt federal land management on the Olympic 
Peninsula, Washington, to enhance the resiliency of 
federal lands to the effects of 
climate change (Halofsky et al. 
2011). The Olympic Climate 
Change Case Study—a 
partnership of the U.S. 
Department of Agriculture 
(USDA), Forest Service, Pacific 
Northwest Research Station and 
Olympic National Forest, with 
the U.S. Department of Interior 
(USDI), National Park Service, 
Olympic National Park—
examined hydrological processes 

and management of vegetation, fish and wildlife 
habitat, and roads to determine strategies and actions 
for adaptation to climate change. The adaptation 
strategies for managing vegetation under climate 
change included gene conservation, disease resistance, 
increasing biodiversity through planting and thinning, 
and increasing preparedness for large disturbances 
including potential increases in invasive species. 

Following the Olympic Climate Change Case Study, 
the present effort was launched to address the 
projected effects of climate change on vegetation, 
specifically forest trees and vulnerable non-forested 
habitats. In the first phase of this project, the area of 
analysis was western Washington state, with an 
emphasis on the Olympic, Mt. Baker-Snoqualmie, and 
Gifford-Pinchot National Forests (Aubry et al. 2011). 
Subsequent phases of the project include all forested 
areas of Washington and Oregon (Forest Service 
Pacific Northwest Region), which we divided into six 
subregional study areas (table A3-1; fig. A3-1). These 
six study areas were delineated so that each phase of 
the analysis could focus on the species and 
management issues unique to each area. The eastern 
Washington study area includes the Colville and 
Okanogan-Wenatchee National Forests and appears on 
a map of the major public lands of eastern Washington 
in figure A3-2. In this report, we assess the 
vulnerabilities of the forest trees within the study area; 
vulnerabilities of non-forested habitats will be 
addressed separately in a subsequent report. 

Table A3-1. Phases of the Climate Change and Forest Trees project 

Phase National forests 
Western Washington Gifford Pinchot, Mt. Baker-Snoqualmie, Olympic 

Northwestern Oregon Mt. Hood, Siuslaw, Willamette 

Eastern Washington Colville, Okanogan-Wenatchee 

Eastern Oregon Malheur, Umatilla, Wallowa-Whitman 

Central Oregon Deschutes, Fremont-Winema, Ochoco 

Southwestern Oregon Rogue River-Siskiyou, Umpqua 
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This work focuses on two central questions: (1) how 
may climate change affect forest tree species? and (2) 
what are the management implications of these 
potential impacts? Biodiversity is often viewed from a 
global perspective (Wilson 1988), but in this analysis 
biodiversity is defined as the “genetic variation within 
species, the variety of species in an area, and the 
variety of habitat types within a landscape” (Duffy and 
Lloyd 2010). As components of biodiversity, 
individual species, habitats, and ecosystems can be 
conservation targets for vulnerability assessments 

(Glick and Stein 2010). It is 
critical to address the effects of 
a changing climate at the level 
of individual plant species 
because species respond 
differently to climate, with 
potential shifts in distribution 
resulting in novel species 
associations (Lovejoy and 
Hannah 2005, Williams et al. 
2007). This analysis includes a 
vulnerability assessment 
conducted at the level of 
individual tree species. The 
purpose of the vulnerability 
assessment was to identify tree 
species that are most 
vulnerable to the projected 
changes in climate and thus 
assist managers in more 
efficiently allocating limited 
resources. 

The target audience for this 
report is vegetation managers 
on the Colville and Okanogan-
Wenatchee National Forests; 
the management options 
presented are based on the 
tools available to managers of 
National Forest System lands. 
However, this report also will 
provide useful information for 
other land managers in the 

Pacific Northwest who manage, restore, and conserve 
forests and woodlands under a changing climate. Land 
managers in other parts of the country will find that 
the methods used here can be applied to their plant 
communities using local information. Researchers will 
find signposts to the many questions yet to be 
answered concerning the impacts of climate change on 
forests. 

 

                

Figure 1. Boundaries of the six study areas of the Climate Change and Forest Trees project Figure A3-1. Boundaries of the six study areas 
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Figure A3-2. Major public lands of eastern Washington 
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THE STUDY AREA: EASTERN 
WASHINGTON 
Our study area is the national forests of eastern 
Washington. The western boundary of the study area 
follows the western edge of the Okanogan-Wenatchee 
National Forest (fig. A3-2). The other study area 
boundaries follow the national forest boundaries, and 
include a 3-mi-wide (5-km) buffer. We used this 
buffer so that the study area would include the forested 
land immediately outside of the national forest 
boundaries. Examination of tree distribution data 
showed that, without a buffer, we would exclude 
portions of populations of many tree species. Where 
national forest boundaries follow the state line, the 
study area boundary also follows the line, so that the 
study area does not include portions of Canada or 
Idaho.  

The eastern Washington study area includes a total of 
7.7 million ac (3.1 million ha), encompassing the 
national forests and the associated buffer areas. The 
Colville National Forest includes approximately 1.1 
million ac (0.4 million ha) and the Okanogan-
Wenatchee National Forest includes approximately 4.3 
million ac (1.7 million ha). Approximately 3 and 35 
percent, respectively, of the Colville and Okanogan-
Wenatchee National Forests are currently designated 
wilderness. 

MANAGEMENT OF THE 
NATIONAL FORESTS 
The management of resources within 
each national forest is guided by a 
comprehensive management plan. 
These plans include goals, which 
describe desired future conditions, as 
well as specific objectives that 
address a wide variety of activities 
and resources including recreation, 
wildlife, wilderness, scenery, timber, 
water, and cultural resources. Forest 

plans are revised on an approximate 15-year interval, 
and are presently (in 2012) in the process of revision 
(USDA Forest Service 2011d, e). Existing forest plans 
for the Colville, Okanogan, and Wenatchee National 
Forests were completed in 1988, 1989, and 1990, 
respectively. Since that time, each plan has been 
subject to numerous amendments, including Eastside 
Screens, which limits the harvest of large-diameter 
trees. 

Management of the National Forest System lands in 
much of the Pacific Northwest has been guided by the 
Northwest Forest Plan (NWFP) since its adoption in 
1994 (Moeur et al. 2005). The record of decision 
amends the planning documents of lands administered 
by the U.S. Department of Agriculture (USDA) Forest 
Service and the U.S. Department of the Interior 
(USDI) Bureau of Land Management (BLM) within 
the range of the northern spotted owl (Strix 
occidentalis caurina). The NWFP established a system 
of standards and guidelines to provide habitat 
management direction for these agencies. In Eastern 
Washington, the Wenatchee portion of the Okanogan-
Wenatchee National Forest, as well as part of the 
Okanogan portion, fall within the range of the northern 
spotted owl and are covered by the NWFP (table A3-2, 
fig. A3-3). Therefore, management actions within this 
area will be influenced by the NWFP. 

The national forests of eastern Washington are 
geographically divided into a variety of management 
areas such as Research Natural Areas, Wilderness,  

Table A3-2. Allocation of Northwest Forest Plan land on the Okanogan-
Wenatchee National Forest (data from 2002 map revision) 

Designation Allocation 
Congressional reserves (includes wilderness areas) 31 

Late successional reserves 20 

Administratively withdrawn areas 5 

Adaptive management areas 3 

Adaptive management reserve1 2 

Matrix and other 15 

Not designated under the Northwest Forest Plan 24 
Note: riparian reserves have not been fully mapped and thus allocation data are not 
included here; administratively withdrawn areas should be regarded as a partial 
dataset, as data are not available for all of these areas. 
1 Late successional reserves within adaptive management areas. 
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Figure A3-3. Northwest 
Forest Plan land 
allocations for the 
Okanogan-Wenatchee 
National Forest 
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Semi-Primitive Motorized Recreation, Key Big Game 
Habitat, and Developed Recreation. Each management 
area is managed under a specific prescription or set of 
prescriptions; these include standards and guidelines 
that define each forest’s goals and objectives. The 
management areas of the current forest plans 
(presently in the revision process) are shown on maps 
in supplement A3S1; the management prescription 
goals for the management areas also are listed in the 
supplement. 

Vegetation Management 

Vegetation management on eastern Washington’s 
national forests is conducted to meet a wide variety of 
objectives designed to diversify and improve forest 
structure. On the Colville and Okanogan-Wenatchee 
National Forests, averages of 3,190 and 2,830 ac 
(1,290 and 1,150 ha) respectively, of forest land were 
commercially thinned annually during 2008-2010. 
Averages of 2,230 and 7,230 ac (900 and 2,930 ha) per 
year were pre-commercially thinned on these two 
forests during the same period. Pre-commercial and 
commercial thinning are applied under objectives that 
include improving wildlife habitat and increasing 
stand health and vigor. 

On the Colville and Okanogan-Wenatchee National 
Forests, respectively, averages of 450 and 1,990 ac 
(180 and 810 ha) of forest land were planted annually 
during the past three years. The Colville National 
Forest planted ponderosa pine, western larch, western 
white pine, and Douglas-fir. The Okanogan-
Wenatchee National Forest planted primarily 
ponderosa pine, followed by Douglas-fir and western 
larch. A small amount of Engelmann spruce, western 
white pine, western redcedar, and whitebark pine also 
was planted. 

In their proposed action for forest plan revisions, The 
Colville and Okanogan-Wenatchee National Forests 
recognize fire as “an essential disturbance element 
within dynamic and resilient ecosystems,” but also 
note that in recent years wildfires have become 
uncharacteristically severe and difficult to manage 

(USDA Forest Service 2011d, e). Additionally, the 
forests recognize in the proposed action that, although 
there is still significant uncertainty, climate change 
may substantially increase the effects of fire on these 
national forests by the middle of the 21st century. 

FORESTS OF EASTERN 
WASHINGTON 
Vegetation in eastern Washington is strongly 
influenced by topography and associated patterns in 
precipitation influenced by both maritime and 
continental climate patterns. The rain shadow effect of 
the Cascade Range creates a steep precipitation 
gradient, with mean annual precipitation averaging 
more than 120 inches near the Cascade Crest and as 
little as 10 inches at the lowest elevations of the 
Okanogan-Wenatchee National Forest. On the Colville 
National Forest, precipitation generally increases 
toward the east. Annual precipitation is greater than 30 
and 50 inches in the highest peaks of the Kettle and 
Selkirk Ranges, respectively, while in the valleys of 
the Colville National Forest precipitation averages 15 
to 25 inches per year.  

In addition to climate influences, the existing 
vegetation of eastern Washington’s forests has been 
substantially shaped by fire. In the drier, low-elevation 
ponderosa forests, low-severity fire occurred 
historically, its frequency determined by its rate of fuel 
production (Agee 1993, 1994). In the somewhat 
moister forests characterized by Douglas-fir and grand 
fir, a regime of variable-severity fire occurred; longer 
return intervals and increased severity were generally 
associated with moister sites (Agee 1994). In the 
higher elevation forests, where moisture is greater, 
fires are infrequent, intense, and often stand-replacing. 
During the past century, massive wildfires have 
burned significant portions of the national forests of 
eastern Washington (Agee 1994, Catlin et al. 2005). 

Eastern Washington includes a wide range of forest 
types, which can be classified according to potential 
natural vegetation zones (Henderson 2009); these 
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zones are climax vegetation types predicted to develop 
under the current climate in the absence of 
disturbance. Current potential natural vegetation zones 
for the national forests of eastern Washington are 
shown in figures A3-4 and A3-5. Given projected 
changes in climate, future zones are likely to differ 
from those shown for the present climate. 

On the Okanogan-Wenatchee National Forest, the 
driest forested zone, occurring only to a very limited 
extent (not shown on fig. A3-4), is the Oregon white 
oak climax zone (Lillybridge et al. 1995). The zone 
more typically occupying the lowest and driest 
forested sites on the Wenatchee National Forest is the 
ponderosa pine climax zone. Where moisture 
availability is slightly greater, the Douglas-fir climax 
zone occurs (Williams et al. 1983). The next two 
zones, mapped primarily on the Wenatchee National 
Forest, are the grand fir climax zone and the western 
hemlock climax zone (Lillybridge et al. 1995). The 
latter occurs where maritime influences provide 
additional moisture, but where moisture is insufficient 
to support Pacific silver fir or mountain hemlock. 
These latter zones are found on cooler, moister sites, 
primarily on the Wenatchee National Forest. The 
highest-elevation vegetation zones include alpine and 
subalpine parkland and the subalpine fir climax zone. 
Other climax zones occurring near the upper treeline 
include the whitebark pine and subalpine larch zones 
(not shown on fig. A3-4 and A3-5). The subalpine 
larch climax zone often occurs in the vicinity of the 
whitebark pine zone, though on somewhat moister 
sites. 

On the Colville National Forest, the Douglas-fir 
climax zone typically is the driest forested zone (the 
ponderosa pine zone occurs infrequently). It is very 
prevalent toward the western Colville National Forest, 
where it occurs to lower treeline; it is less common 
eastward where moisture is greater (Williams et al. 
1995). On slightly moister sites, grand fir occurs as a 
climax species (not shown on figure A3-5); it is most 
common east of the Kettle Mountain crest. The 
western hemlock climax zone occurs on the moister, 
mid-elevation sites that occur toward the eastern 

Colville National Forest. The subalpine fir climax 
zone occurs on cool, moist, high-elevation sites and is 
present to upper timberline. The whitebark pine climax 
series occurs occasionally near upper timberline.  
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Figure A3-4. Potential natural 
vegetation (PNV) zones of the 
Okanogan-Wenatchee National 
Forest, Washington (Henderson 
2009) 
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Figure A3-5. Potential natural vegetation 
(PNV) zones of the Colville National Forest, 
Washington (Henderson 2009) 
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GOALS, ASSESSMENT 
TARGETS, AND OBJECTIVES 
The goal of this analysis is to conduct an assessment 
of the vulnerability of individual forest tree species to 
climate change. An understanding of which tree 
species are most vulnerable will assist managers in 
efficiently allocating limited resources to the 
management of these species. Forest trees are the first 
priority for analysis of climate change impacts on 
individual plant species because trees provide stand 
structure and dictate the composition of plant 
communities in the forests of the Pacific Northwest. 
Many tree species also have high economic or cultural 
value. Because trees are long-lived and have long 
generational intervals, tree species may be slower to 
adapt and migrate and thus may be more at risk to 
changes in climate than forb or grass species. Grasses, 
forbs, and shrubs that are at risk because of habitat loss 
or other factors (though not specifically because of 
projected climate change) are protected, monitored, 
and often restored under the Endangered Species Act 
and the Interagency Special Status/Sensitive Species 
Program (ISSSSP) (USDA/USDI 2011). 

Whitebark pine is the only tree species in eastern 
Washington that has been considered for federal 
protection. In July 2011, the USDI Fish and Wildlife 
Service announced a 12-month finding on the petition 
to list whitebark pine as threatened or endangered 
(USDI FWS 2011). The Fish and Wildlife Service 
found that listing whitebark pine as threatened or 
endangered was warranted but that listing as such was 
“precluded by higher priority actions to amend the 
Lists of Endangered and Threatened Wildlife and 
Plants” (USDI FWS 2011). Therefore, the species was 
added to the candidate list, and the Fish and Wildlife 
Service is developing a proposed rule to list whitebark 
pine when “priorities and funding will allow” (USDI 
FWS 2011). The proposed listing rule will include any 
determination on critical habitat. 

Objectives 

The specific objectives of this project are to: 

• Assess the relative vulnerability of forest tree 
species to projected climate changes. 

• Recommend actions that will: 
o improve understanding of changes 

taking place among tree species,  
o maintain and increase forest 

biodiversity and increase resiliency, 
and 

o prepare for an uncertain future. 

• Collaborate in the implementation of these 
actions with the other major public land 
management agencies in eastern Washington: 
the Bureau of Land Management, the Colville 
and Yakima Indian Reservations, and the 
Washington Department of Natural Resources.  
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THE TREE SPECIES OF  
EASTERN WASHINGTON 
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INTRODUCTION 
This report focuses on the tree species that are native 
to eastern Washington. Here, we define trees as woody 
perennials capable of producing a single stem with 
apical dominance and reaching at least 20 ft (6 m) in 
height. Of the 31 native tree species occurring in 
eastern Washington (table A3-3), 18 are coniferous 
and 13 are broadleaf species. The Pinus (pine) and 
Abies (true fir) genera contain the greatest number of 
species at 4 each. All eastern Washington conifers are 
evergreen except for subalpine larch and western 
larch, which are deciduous. All of the broadleaf tree 
species are deciduous. 

GROUPING OF SPECIES 
To facilitate our vulnerability assessment, we divided 
the tree species of eastern Washington into two groups 
(table A3-3). Group 1 consists of 21 overstory tree 
species that are significant components of forest or 
woodland canopies in eastern Washington. The group 
1 species are the major focus of this report because 
changes in their distribution or health could have a 
substantial effect on forest structure and habitat. This 
group includes species that are widespread across the 
area (e.g., Douglas-fir and lodgepole pine) and species 
that are common within more limited zones (e.g., 
Pacific silver fir and mountain hemlock). It also 
includes several species, such as Alaska yellow-cedar, 
that occupy only small portions of eastern Washington 
but are important components of the forest canopy 
where they occur. 

Group 2 includes 10 trees that are not significant 
components of the forest canopy, owing to small size 
(e.g., cascara, Rocky Mountain maple) or because they 
typically occur as scattered individuals or components 
of the mid-story rather than the forest canopy.  

We subjected groups 1 and 2 to different types of 
climate change vulnerability assessments. For all of 
the group 1 species, sufficient biological information 
was available to perform a detailed vulnerability 
assessment based on numerous quantifiable 

characteristics (e.g., drought tolerance, distance of 
seed dispersal, and adaptive genetic variation). In 
contrast, many of the group 2 species are not 
commercially important and have not been well-
studied (exceptions include Pacific yew, red alder, and 
Rocky Mountain juniper). As a result, insufficient data 
were available to conduct the type of vulnerability 
assessment that was performed on the group 1 species. 
Instead, we summarized and discussed the 
characteristics of group 2 tree species that we deemed 
likely to influence climate change vulnerability. 

TREE SPECIES DISTRIBUTIONS 
To assess the climate change vulnerability of regional 
tree species, we needed detailed information on the 
distribution of each species. Previously published 
range maps are available for most tree species in the 
region (e.g., Little 1971, 1976). However, these maps 
are primarily useful for evaluating species 
distributions at a broad scale, whereas we desired a 
greater degree of precision because our assessment is 
focused on smaller areas. A variety of computer 
models have been used to predict tree species 
distributions, both at present and under future climate 
scenarios (e.g., Crookston 2010, Hargrove and 
Hoffman 2005). However, these models did not fit our 
objectives for mapping because they predict species 
distributions based on projections of suitable habitat 
rather than on present occurrences. Therefore, we 
created distribution maps for the tree species of eastern 
Washington using documented occurrences of each 
species rather than predicted occurrences (appendix 7). 

Species occurrence data were acquired from a variety 
of sources (table A3-4). Three of these sources were 
from the U.S. Forest Service: the Forest Inventory and 
Analysis (FIA) Program (USDA Forest Service 
2010b), the Current Vegetation Survey (CVS) (USDA 
Forest Service 2008), and the Forest Service Pacific 
Northwest Region (Region 6) Ecology Program Core 
Dataset (USDA Forest Service 2010a). A fourth 
primary data source was the University of Washington  
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Table A3-3. Native tree species of eastern Washington1 

Scientific name Common name Symbol Group2 Division Type 
Abies amabilis Pacific silver fir ABAM 1 Conifer Evergreen 
Abies grandis  Grand fir ABGR 1 Conifer Evergreen 
Abies lasiocarpa Subalpine fir ABLA 1 Conifer Evergreen 
Abies procera Noble fir ABPR 1 Conifer Evergreen 
Acer macrophyllum Bigleaf maple ACMA3 1 Broadleaf Deciduous 
Betula papyrifera Paper birch BEPA 1 Broadleaf Deciduous 
Cupressus nootkatensis Alaska yellow-cedar CUNO 1 Conifer Evergreen 
Larix lyallii Subalpine larch LALY 1 Conifer Deciduous 
Larix occidentalis Western larch LAOC 1 Conifer Deciduous 
Picea engelmannii Engelmann spruce PIEN 1 Conifer Evergreen 
Pinus albicaulis Whitebark pine PIAL 1 Conifer Evergreen 
Pinus contorta var. latifolia Lodgepole pine PICOL 1 Conifer Evergreen 
Pinus monticola Western white pine PIMO3 1 Conifer Evergreen 
Pinus ponderosa Ponderosa pine PIPO 1 Conifer Evergreen 
Populus balsamifera ssp. 

trichocarpa 
Black cottonwood POBAT 1 Broadleaf Deciduous 

Populus tremuloides Quaking aspen POTR5 1 Broadleaf Deciduous 
Pseudotsuga menziesii vars. 

menziesii and glauca3 
Douglas-fir PSME 1 Conifer Evergreen 

Quercus garryana Oregon white oak QUGA4 1 Broadleaf Deciduous 
Thuja plicata Western redcedar THPL 1 Conifer Evergreen 
Tsuga heterophylla Western hemlock TSHE 1 Conifer Evergreen 
Tsuga mertensiana Mountain hemlock TSME 1 Conifer Evergreen 
Acer glabrum, Acer glabrum 

var. douglasii4 
Rocky Mountain maple ACGL, 

ACGLD4 
2 Broadleaf Deciduous 

Alnus rubra Red alder ALRU2 2 Broadleaf Deciduous 
Betula occidentalis Water birch BEOC2 2 Broadleaf Deciduous 
Celtis laevigata var. 

reticulata 
Netleaf hackberry CELAR 2 Broadleaf Deciduous 

Frangula purshiana  Cascara FRPU7 2 Broadleaf Deciduous 
Juniperus scopulorum Rocky Mountain juniper JUSC2 2 Conifer Evergreen 
Prunus emarginata Bitter cherry PREM 2 Broadleaf Deciduous 
Salix lucida ssp. lasiandra Pacific willow SALUL 2 Broadleaf Deciduous 
Salix scouleriana Scouler’s willow SASC 2 Broadleaf Deciduous 
Taxus brevifolia Pacific yew TABR2 2 Conifer Evergreen 
1 Nomenclature follows the U.S. Department of Agriculture Plants Database (USDA NRCS 2010); in cases where multiple common 
names exist, regionally favored names are used here. 
2 Group 1 = overstory trees with widespread distribution in the study area; Group 2 = trees that are not major overstory components 
owing to limited frequency or small size. 
3 P. menziesii var. menziesii occurs in the Cascade Range, while P. menziesii var. glauca occurs in the Rocky Mountains. These two 
varieties intergrade in eastern Washington. For the purpose of this analysis, we have combined these varieties. 
4 In the Pacific Northwest, Rocky Mountain maple is usually identified as a variety known as Douglas maple, although varieties 
within this species intergrade and exhibit variable characteristics (Arno and Hammerly 2007). For the purpose of this analysis, we 
refer to these varieties as Rocky Mountain maple. 
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herbarium (University of Washington 2011), which 
documents the geographic locations where herbarium 
specimens were collected. Maps of all plot locations 
represented in the three Forest Service data sources are 
shown in appendix 7, as is a map of all University of 
Washington herbarium specimen collection locations 
for the species in this project. Owing to different 
sampling strategies, data were not available from all 
four sources for every tree species. 

Data collection protocols differed among the data 
sources used to create these maps; therefore, several 
factors must be considered when interpreting the 
maps: 

Plot density—Plot density varied by inventory; 
therefore, the density of points on a map does not 
necessarily correspond to the density at which a 
tree species occurs. For example, if the range of a 
species encompasses a national forest and adjacent 
privately owned land, the density of mapped 
points may be much higher on the national forest 
because the forest also includes CVS and Ecology 
Program plots, which do not occur on private land. 
Thus, the higher density of mapped occurrences on 
the national forest results from the additional 
sampling locations and does not represent a true 
difference in the frequency of the species’ 
occurrence. 

Plot size—For data sources that are based on 
inventory plots, density of mapped species 
occurrences is affected by plot size, which varies 
among inventories. An inventory that uses larger 
plots is likely to sample a given species more 
frequently on its plots compared to an inventory 
that uses smaller plots. 
Inventory design—The density of mapped 
species occurrences is influenced by inventory 
design. For example, an infrequently occurring 
species is less likely to be sampled by an inventory 
based on regularly spaced plots on a grid (e.g., 
FIA) than by an inventory with an objective of 
locating and sampling that particular species (e.g., 
University of Washington herbarium collections). 

Owing to influences of these factors, mapped species 
occurrences should be interpreted as representing the 
extent of a species’ distribution, rather than 
representing its density within that distribution. 

TREE SPECIES PROFILES 
Drawing on information from a variety of published 
sources, we compiled profiles of all eastern 
Washington tree species (appendix 8). These profiles 
emphasize characteristics that we deemed relevant to 
the trees’ potential adaptation to climate change. The 
profiles focus on ecological and reproductive 

Table A3-4. Data sources used to create tree species distribution maps for eastern Washington 
Dataset Source Coverage Inventory design Availability 

Forest Inventory and 
Analysis (FIA) 

U.S. Forest Service, 
Pacific Northwest 
Region 

All public and private 
lands1 

Regularly spaced 
plots 

Always used 

Current Vegetation 
Survey (CVS) 

U.S. Forest Service, 
Pacific Northwest 
Region 

National forests Regularly spaced 
plots 

Always used 

USFS Region 6 
Ecology Program 

U.S. Forest Service, 
Pacific Northwest 
Region 

National forests Plots located 
according to plant 
community type 

Always used 

University of 
Washington 
Herbarium 

Burke Museum, 
University of 
Washington 

Public and private 
land in Washington 

Species collections 
by many individuals 
with various 
objectives 

Used when other 
data sources did not 
adequately 
represent known 
distribution 

1 A small amount of random error was intentionally added to the FIA plot locations to protect the identity of landowners. 
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characteristics, genetic aspects, and threats and 
management considerations relevant to each tree 
species. The ecological description contains 
information on distribution, habitat, and ecological 
amplitude; this information may assist in projecting a 
species’ potential response to climate-induced changes 
in its habitat. Reproductive characteristics such as seed 
production, reproductive age, and seed dispersal 
distance affect the rate at which a species evolves and 
migrates. The information on threats and management 
considerations addresses a species’ response to insects, 
diseases, and wildfire, which may be exacerbated by 
climate change. 

The amount of published information available for 
each tree species varies significantly, with much more 
information available for the commercially important 
species. As a result, the level of detail contained in 
these tree profiles varies by species.  
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VULNERABILITY ASSESSMENT OF 
EASTERN WASHINGTON TREE SPECIES 
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INTRODUCTION 
There are numerous ways in which climate influences 
the growth, survival, and reproduction of tree species. 
If these climate influences are well-understood, they 
can be used to project a tree species’ potential 
response to various climate scenarios. For the tree 
species of eastern Washington, this process of 
evaluating potential climate effects was accomplished 
through a vulnerability assessment—a systematic 
process of identifying and quantifying areas of 
vulnerability within a system (Glick and Stein 2010). 
The assessment was undertaken to identify: (1) 
characteristics of individual forest tree species that 
could influence their response to long-term changes in 
climate, and (2) relative levels of vulnerability to 
climate change among the tree species of eastern 
Washington.  

We view this analysis as a tool for prioritizing tree 
species to help managers more efficiently allocate 
limited resources to the most vulnerable species. In our 
previous analysis of the climate change vulnerability 
of western Washington tree species (Aubry et al. 
2011), we concluded that a vulnerability assessment 
approach was useful for detecting probable underlying 
causes of climate change vulnerability and for 
prioritizing management responses. We selected the 
Forest Tree Genetic Risk Assessment System (GRAS) 
(Potter and Crane 2010) to assess climate change 
vulnerability of group 1 tree species because the 
system is well-suited to our regional needs and data 
availability (Aubry et al. 2011). As stated above, we 
did not apply the Forest Tree GRAS to group 2 tree 
species because, for many of those species, insufficient 
data were available. Vulnerability of group 2 species is 
discussed in the following section. 

The Forest Tree GRAS is a model developed to 
evaluate and rank the vulnerability of individual tree 
species within a region of interest, given anticipated 
effects of long-term climate change. It is designed to 
assist managers in focusing limited resources on the 
most vulnerable species, thus increasing the efficacy 
of conservation activities. Given projected changes in 

climate, conservation of species’ existing adaptedness, 
specifically variation in adaptive traits, is key to long-
term viability. However, because this detailed level of 
genetic information does not currently exist for many 
tree species, the Forest Tree GRAS uses documented 
ecological and life-history traits to assess the 
vulnerability of individual tree species to climate 
change and related threats (Myking 2002, Potter and 
Crane 2010).  

The Forest Tree GRAS rates each species according to 
factors deemed likely to influence its overall 
susceptibility to loss of genetic variation and adaptive 
capacity under projected changes in climate (Potter 
and Crane 2010). The model is composed of multiple 
risk factors, each containing a set of variables used to 
rate a species’ climate change vulnerability according 
to intrinsic attributes or external threats. Examples of 
intrinsic attributes include a species’ fecundity, 
mechanism of seed dispersal, and drought tolerance; 
examples of external threats include insects and 
diseases. Table A3-5 summarizes the five risk factors 
used in our analysis, the variables we chose for each 
risk factor, and the rating system for each variable. 

Disturbance associated with climate change, including 
major droughts, insects and diseases, and wildfire, 
may have an increasing influence on many tree species 
in the future. In this vulnerability analysis we chose to 
use only risk factors based on attributes and threats 
that were already documented, as opposed to predicted 
future conditions, which would introduce an added 
level of uncertainty. Thus, we included drought 
tolerance and documented insect and disease threats in 
our risk factors but did not include predictions of 
future wildfire frequency. Similarly, we chose not to 
include future habitat shifts predicted by climate 
envelope models (Aubry et al. 2011). Quantification of 
future wildfire risk for a vulnerability assessment such 
as this would require:  

• Assumptions regarding the frequency and 
intensity of wildfire (and the extent of wildfire 
suppression) across the range of habitats that 
each tree species is predicted to occupy at a 
given point in the future. 
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Table A3-5. The five risk factors and descriptions and rating systems for variables within each factor for the Forest 
Tree GRAS (continues) 

Risk factor Variable Description Rating system1 

Distribution 
 

Frequency of 
occurrence 

Percentage of FIA plots on 
which a given species is present 

Highest frequency = 0; lowest frequency 
= 100; all other species scored 
proportionally according to frequency of 
occurrence 

 Proportion of canopy 
trees  

Mean proportion of all canopy 
trees (dominant, co-dominant, 
and open-grown crown classes) 
represented by a given species 
on all FIA plots where that 
species is present 

Highest mean proportion = 0; lowest 
mean proportion = 100; all other species 
scored proportionally 

 Distribution within 
eastern Washington 

Qualitative assessment, scored 
by examining distribution maps2 

Wide = 0 
Moderate = 25 
Narrow = 50 
Very narrow = 75 
Rare = 100 

Reproductive 
capacity3 

Seed dispersal vector Wind, water, birds, mammals, or 
gravity 

Primarily abiotic (wind, water, gravity) = 0 
Primarily biotic (birds, mammals) = 100 

 Fecundity Qualitative assessment, based 
on size and frequency of seed 
crops, proportion of filled seed in 
mature cones or fruits, and 
germination rate 

High = 0 
Medium = 50 
Low = 100 

 Seed dispersal 
capacity 

Distance within which most seed 
is dispersed 

 > 0.5 mile = 0 
 400 ft to 0.5 miles = 50 
 < 400 ft = 100 

 Minimum seed-bearing 
age 

Age at which seed production 
begins under good growing 
conditions 

< 10 years = 0 
10 to 20 years = 50  
 > 20 years = 100 

 Dioecy Breeding system Monoecious = 0 
Dioecious = 100 

Habitat affinity 
 

Mean elevation Mean elevation (ft) of FIA all 
plots on which a given species 
is present 

Lowest elevation = 0; highest elevation = 
100; all other species scored 
proportionally according to frequency of 
occurrence 

 Successional stage3 Successional stage(s) in which 
the species commonly occurs 

Early = 0 
Early to late = 50 
Late = 100 

 Habitat specificity3 Habitat specificity relative to all 
other eastern Washington tree 
species 

Low = 0 
Medium = 50 
High = 100 

 Drought tolerance3 Drought tolerance relative to all 
other eastern Washington tree 
species 

High = 0 
Medium = 50 
Low = 100 
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• For each tree species, one would need to 
quantify whether its existing ecological 
adaptations to fire would be sufficient under a 
predicted future fire regime. 

Although we did not include wildfire risk in our 
quantitative analysis, we reviewed the adaptations of 
individual tree species to wildfire during the course of 
this project. This information is summarized in tables 
A3-6 and A3-7. 

To conduct this assessment, we compiled information 
on individual tree species from a variety of sources 

including Silvics of North America (Burns and 
Honkala 1990), The Woody Plant Seed Manual 
(Bonner and Karrfalt 2008), the FIA annual inventory 
(USDA Forest Service 2010b), and other sources in 
the scientific literature. Information on insect and 
disease threats was provided by an expert panel from 
the U.S. Forest Service, Pacific Northwest Region 
Forest Health Protection Wenatchee Service Center. 
Compiled information is presented as tree species 
distribution maps and profiles (appendices 7, 8). For 
each species, we assigned numerical ratings (0 to 100) 
to each of the variables within each risk factor  

Table A3-5, continued 

Risk factor Variable Description Scoring system 

Adaptive 
genetic 
variation3 

Elevation band width 
of seed zones4 

Range in elevation within which 
maladaption due to seed 
movement is minimized 

No elevation bands = 0 
> 1,500 ft = 33 
1,000 to 1,500 ft = 67 
 < 1,000 ft = 100 

 Pollen dispersal vector Wind or insects Wind = 0 
Insects = 100 

 Disjunct populations Populations that are disjunct 
from the main portion of the 
species’ range 

No disjunct populations = 0 
One or more such populations = 100 

Major insect 
and disease 
threats5 

Threat Insect or disease that impacts 
the health or survival of the 
species 

Score for each threat is calculated as the 
product of the severity and immediacy 
scores 

Severity A rating of the present impact of 
insect or disease threats  

Minor mortality, usually of already-stressed 
trees = 1 
Moderate mortality in association with 
other threats = 3 
Moderate mortality of mature trees = 5 
Significant/complete mortality in related 
species = 6 
Significant mortality of mature trees = 8 
Complete mortality of all mature trees = 10 

Immediacy Threats weighted based on 
immediacy and present or 
expected exacerbation by a 
changing climate 

Potential to reach region of interest = 1 
Present in region = 2 
Present in region and climate change 
appears to be a contributing factor in 
increases in distribution and impact = 3 

1 Higher scores indicate greater vulnerability. 
2 See distribution maps in appendix 7. 
3 Unless otherwise noted, all information is taken from published literature, which is summarized in the tree profiles in appendix 8. 
4 Randall and Berrang (2002). 
5 Information provided by expert panel, U.S. Forest Service Pacific Northwest Forest Health Protection Program. 
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Table A3-6. Influence of fire on group 1 tree species of eastern Washington1 

Species 
Fire resistance of mature 

trees 
Fire in typical habitat 

Frequency2 Intensity 
Alaska yellow-cedar Low Low; MFRI 150-350+ yr High 

Bigleaf maple Low, but sprouts vigorously Variable; often grows on moister 
soils where MFRI is longer 

Variable 

Black cottonwood Low, but sprouts vigorously Variable, depends on site forest 
type 

Variable, depends on site 
and forest type 

Douglas-fir Moderate to high Frequency increases on drier 
sites 

Intensity increases with 
longer MFRI 

Engelmann spruce Very low Low; MFRI 150+ yr High 

Grand fir  Moderate Variable, more frequent on drier 
sites 

Variable; increases with 
longer MFRI 

Lodgepole pine Moderate; survives low-
severity fire 

Variable; MFRI often 25-75+ yr Variable 

Mountain hemlock Low Low; MFRI 400-800 yr High 

Noble fir Low to moderate Low High 

Oregon white oak High Historical MFRI estimated to be 5-
30 yr 

Historically, intensities 
were low 

Pacific silver fir Very low Low; MFRI 100-600 yr High 

Paper birch Low, but regenerates rapidly 
from seed 

Low Fire is often stand-
replacing 

Ponderosa pine High High prior to settlement, MFRI 
<30 yr 

Increases with longer 
MFRI 

Quaking aspen Low to moderate; regenerates 
rapidly after fire 

Variable; frequency greatly 
reduced post-settlement  

Variable; low-intensity to 
stand-replacing 

Subalpine fir Very low Low; MFRI >100 yr Usually high 

Subalpine larch Low Low Variable 

Western hemlock Low Low High 

Western larch High; regenerates rapidly from 
seed 

Variable; MFRI 25-75+ yr Variable 

Western redcedar Low; moderate for very large 
trees 

Low; MFRI 50-350 yr High 

Western white pine Moderate; regenerates well 
after severe fire 

Variable Variable 

Whitebark pine Moderate; survives low-
severity fire 

Variable; MFRI 30-350+ Variable 

1 Data from Fischer et al. (1996) and Agee (1993). 
2 MFRI = mean fire-return interval. 
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(table A3-5). We then averaged all of the variable 
ratings for each species within each risk factor to 
determine a raw factor score for that species. Next, we 
scaled all of the species’ raw factor scores within each 
factor from 0 to 100 (i.e., we set the lowest species 
score to 0, the highest to 100, and adjusted all other 
species’ scores proportionally). The purpose of the 
scaled scores is to provide equal weighting to each of 
the five risk factors for calculation of the overall 
vulnerability score for each species. Finally, we 
calculated an overall vulnerability score for each 
species based on an average of the five risk factor 
scores. We then ranked the species according to 
overall vulnerability score. 

VULNERABILITY ASSESSMENT 
RESULTS: GROUP 1 TREE 
SPECIES 
In the sections that follow, we describe the five risk 
factors and the variables that we used to rate climate 

change vulnerability for the group 1 tree species of 
eastern Washington. Following a brief description of 
the methodology used for each factor, we list key 
observations and present a table of the variable ratings 
and factor scores. Both raw scores and scaled scores 
are presented for each factor. These overall 
vulnerability scores and rankings are presented at the 
end of this section. 

Distribution 

Approach 

The distribution risk factor is composed of three 
variables selected to describe the distribution of each 
tree species in eastern Washington: Frequency of 
Occurrence on FIA Plots, Proportion of Canopy Trees 
on FIA Plots, and Distribution within Eastern 
Washington (table A3-8). Selection of these variables 
was based on the premise that if a species has a large, 
widely distributed range, and occurs frequently in the 
forest canopy, then its vulnerability to climate change, 

Table A3-7. Influence of fire on group 2 tree species of eastern Washington1 

Species 
Fire resistance of mature 

trees 
Fire in typical habitat 

Frequency2 Intensity 
Bitter cherry Low, but sprouts readily after 

top-kill 
Variable; occurs in a wide variety 

of forest types 
Variable 

Cascara  Low, but sprouts readily after 
top-kill 

Variable, depending on forest 
type; MFRI 30-320 yr 

Variable 

Netleaf hackberry Low, but sprouts readily after 
top-kill 

Infrequent on moist sites where it 
usually occurs 

Variable 

Pacific willow Unknown, but likely sprouts 
after fire 

Probably infrequent on moist sites 
where it usually occurs 

Unknown 

Pacific yew Very low Abundance is positively related to 
time since last fire 

Often high, because 
MFRI are long 

Red alder Resistant to low-intensity fire Infrequent on moist sites where it 
usually occurs 

Variable 

Rocky Mountain 
juniper 

Low to moderate Variable; MFRI 10-400 yr Variable 

Rocky Mountain maple Low, but sprouts vigorously Variable; occurs in a wide variety 
of forest types 

Variable; occurs in a wide 
variety of forest types 

Scouler’s willow Low, but sprouts vigorously 
after top-kill 

Variable, depending on forest 
type 

Variable 

Water birch Low, but sprouts readily after 
top-kill 

Infrequent on moist sites where it 
usually occurs 

Variable 

1 Data from Fischer et al. (1996) and Agee (1993). 
2 MFRI = mean fire-return interval. 
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specifically its extinction risk, is reduced (Potter and 
Crane 2010). Canopy trees are generally the trees with 
the greatest vigor and reproductive capacity; thus, a 
species occupying a greater proportion of the forest 
canopy was assumed to be more likely to maintain its 
presence. For the three variables in this factor: 

• Frequency of Occurrence was calculated as 
the percentage of FIA plots on which a given 

species occurred as a live tree (diameter at 
breast height >5 in [13 cm]). The vulnerability 
score ranged from 0 (for the species occurring 
on the most plots) to 100 (for the species 
occurring on the fewest plots), with values for 
all other species assigned proportionally, 
according to the percentage of plots on which 
they occurred. The FIA plots used for 
calculating this variable, as well as the 

Table A3-8. Distribution risk factor for a climate change vulnerability assessment of major eastern Washington tree 
species. Included are scores (0 to 100; 100 = greatest vulnerability) for three variables representing distribution-
related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 

FIA data  Score 

Frequency of 
occurrence 
(% of plots) 

Proportion 
of canopy 
trees (%)  

Frequency 
of 

occurrence1 

Proportion of 
canopy 
trees1 

Distribution 
in E. WA2 

Raw 
factor 
score 

Scaled 
factor 
score 

Noble fir 1 3  99 100 75 91 100 

Oregon white oak <1 29  100 44 100 81 89 

Alaska yellow-cedar 2 21  97 62 50 70 76 

Paper birch 4 21  95 60 50 68 75 

Western white pine 9 11  88 83 25 65 71 

Mountain hemlock 8 30  89 42 50 61 66 

Quaking aspen 4 21  95 62 25 61 66 

Western hemlock 12 21  84 62 25 57 62 

Western redcedar 15 21  80 61 25 56 60 

Black cottonwood 4 28  95 46 25 56 60 

Subalpine larch 2 42  97 17 50 55 59 

Whitebark pine 6 31  92 40 25 53 57 

Pacific silver fir 10 41  86 20 50 52 56 

Bigleaf maple 1 50  99 0 50 50 54 

Grand fir 23 25  69 53 25 49 53 

Western larch 32 23  57 56 25 46 50 

Engelmann spruce 27 23  64 56 0 40 43 

Ponderosa pine 34 37  54 27 25 35 38 

Subalpine fir 30 33  59 35 0 32 33 

Lodgepole pine 31 39  58 24 0 27 28 

Douglas-fir 73 48  0 4 0 1 0 
1 Highest = 0; lowest = 100; all other species scored in proportion to where their values fell between these two extremes. 
2 Wide = 0; moderate = 25; narrow = 50; very narrow = 75; rare = 100. 
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Proportion of Canopy Trees variable, were 
those plots occurring within the study area 
boundary (see supplement A3S2). 

• Proportion of Canopy Trees was calculated 
based only on the plots on which a given 
species occurred as a canopy tree (i.e., a tree 
coded by FIA as dominant, codominant, or 
open-grown). For each of these plots, we 
calculated the percentage of all canopy trees 
that the given species represented; we then 
averaged this percentage across these plots. 
The vulnerability score ranged from 0 (the 
species composing the highest percentage of 
canopy trees) to 100 (the species composing 
the lowest percentage of canopy trees), with 
values for all other species assigned 
proportionally, according to the percentage of 
canopy trees that they represented. 

• Values for Distribution within eastern 
Washington were assigned after evaluating the 
distribution of each species according to the 
maps in appendix 7. All sources of species 
occurrence data were used, not just data from 
FIA. Unlike the other two variables in this risk 
factor, this was a qualitative determination 
based on each species’ distribution within 
eastern Washington. Thus, this variable 
accounted for the spatial distribution of 
occurrences, whereas the Frequency of 
Occurrence variable was calculated only from 
the number of occurrences. 

Key Observations 

Several patterns emerged: 

• Douglas-fir had a substantially higher 
frequency of occurrence on FIA plots (73 
percent) than all other species. Species 
occurring on more than 25 percent of plots 
were ponderosa pine, western larch, lodgepole 
pine, subalpine fir, and Engelmann spruce. 

• The species averaging the greatest proportion 
of canopy trees on the plots where they 

occurred were bigleaf maple (50 percent) and 
Douglas-fir (48 percent). The least represented 
among canopy trees were noble fir (3 percent) 
and western white pine (11 percent). 

• One species’ distribution was classified as rare 
(Oregon white oak), and one species’ 
distribution was classified as very narrow 
(noble fir) in eastern Washington. Four species 
have wide distributions: Douglas-fir, 
lodgepole pine, subalpine fir, and Engelmann 
spruce. 

Noble fir and Oregon white oak were ranked as most 
vulnerable according to the distribution risk factor. 
Both of these species occurred infrequently within 
eastern Washington national forests. Here, noble fir is 
at the northeastern edge of its distribution. East of the 
Cascade Range crest, Oregon white oak becomes more 
common southward. Three other species had relatively 
high vulnerability scores: Alaska yellow-cedar, paper 
birch, and western white pine. Alaska yellow-cedar 
occurs only near the Cascade crest and thus had 
limited distribution within the study area. Paper birch 
is primarily limited to the Colville National Forest. 
Western white pine has a relatively broad distribution 
within the study area, but compared to the other 
species, it occurred less frequently and represented a 
smaller proportion of the forest canopy trees. 

Owing to its vulnerability scores of 0 to 4 for each of 
the three variables, Douglas-fir received the lowest 
factor score for the distribution risk factor (0), 
followed by lodgepole pine (28). 

Reproductive Capacity 

Approach 

The variables in this risk factor relate to regeneration 
and seed dispersal: Seed Dispersal Vector, Fecundity, 
Seed Dispersal Capacity, Minimum Seed-Bearing 
Age, and Dioecy (breeding system) (table A3-9). At 
greater risk are species with bird or mammal seed 
dispersal vectors, lower production of viable seed, less 
frequent seed crops, later seed-bearing age, shorter 
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seed dispersal distances, and more complex breeding 
systems. These scores are based on present seed 
biology and climate (including wind patterns); some of 
these characteristics may change over the next century 
as trees acclimate to a changing environment. 
Therefore, the information presented here is 
appropriate for the near future only and must be 
updated as new information becomes available. 

Because many of these tree species need openings to 
reproduce, reproductive capacity rankings in this case 
represent the relative ability of species to migrate and 
regenerate after large-scale disturbances, which are 
expected to become more frequent in the future under 
a changing climate (Littell et al. 2010). 

Key Observations 

• All but two species, whitebark pine and 
Oregon white oak, use wind as the sole or 
primary means of seed dispersal (table A3-9). 
The primary seed disperser of whitebark pine 
seed is the Clark’s nutcracker; Oregon white 
oak acorns are distributed by small mammals 
and birds. Both of these tree species will be at 
risk for a severe reduction in seed dispersal if 
their interactions with bird and small mammal 
dispersal vectors are disrupted. In the case of 
whitebark pine, this could occur if there are 
changes in the events that trigger the 
movement of the Clark’s nutcracker or in the 
timing of seed production. 

• The scores for fecundity (low, medium, and 
high) were based on a qualitative assessment 
of size and frequency of seed crops, 
proportion of filled seed in mature cones or 
fruits, and germination rate. Three species, 
whitebark pine, Alaska yellow-cedar and 
subalpine larch were classified has having low 
fecundity. 

• Most of the species examined in this 
assessment have an average seed dispersal 
distance of less than 400 ft (122 m), and were 
assigned a vulnerability rating of high. Six of 
the species (Oregon white oak, subalpine 

larch, mountain hemlock, western hemlock, 
western larch, and western white pine) have a 
maximum dispersal distance from 400 to 
2,640 ft (122 and 805 m) and were assigned a 
vulnerability rating of medium. Three species 
have seed dispersal distances greater than 
2,640 ft (805 m) and received low 
vulnerability ratings:  
o Whitebark pine seed is cached up to 18 

miles (29 km) from whitebark pine stands 
by Clark’s nutcrackers.  

o The seed of black cottonwood is minute 
and tufted with cottony hairs; 
consequently seed is carried for miles by 
wind or water. 

o Buoyed by long silky hairs, the seed of 
quaking aspen can also be carried for 
miles by wind. 

• Minimum seed-bearing age was classified into 
three groups: less than 10 years, 10 to 20 
years, and greater than 20 years.  More than 
half of the species first produce seed at greater 
than 20 years of age. 

• All species in group 1 are monoecious (both 
male and female reproduction on the same 
individual) except quaking aspen and black 
cottonwood, which are dioecious (male and 
female reproduction on different individuals). 

The two species ranked highest in vulnerability for this 
risk factor were whitebark pine and Oregon white oak 
(score of 100). These high rankings were a result of 
biotic seed dispersal vectors, medium to low fecundity, 
and high minimum seed-bearing ages. The next 
highest-scoring group (score of 75) for this risk factor 
included the four species of true fir (Abies), Alaska 
yellow-cedar, subalpine larch, and Engelmann spruce. 
Lower fecundity, shorter seed dispersal distances, and 
later minimum seed-bearing ages contributed to these 
higher scores. 
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Table A3-9. Reproductive capacity risk factor for a climate change vulnerability assessment of major eastern 
Washington tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for five variables 
representing reproduction-related vulnerabilities as well as factor scores based on the average of the variable 
scores 

Species 
Seed dispersal 

vector 

Score 
Seed-

dispersal 
vector1 Fecundity2 

Seed 
dispersal 
distance3 

Minimum 
seed-bearing 

age4 Dioecy5 

Raw 
factor 
score 

Scaled 
factor 
score 

Whitebark pine Clark's 
nutcracker, 

small mammals 

100 100 0 100 0 60 100 

Oregon white oak Small 
mammals, birds, 

gravity 

100 50 50 100 0 60 100 

Alaska yellow-cedar Wind 0 100 100 50 0 50 75 

Subalpine larch Wind 0 100 50 100 0 50 75 

Pacific silver fir Wind 0 50 100 100 0 50 75 

Grand fir Wind, small 
mammals 

0 50 100 100 0 50 75 

Subalpine fir Wind 0 50 100 100 0 50 75 

Noble fir Wind 0 50 100 100 0 50 75 

Engelmann spruce Wind 0 50 100 100 0 50 75 

Mountain hemlock Wind 0 50 50 100 0 40 50 

Quaking aspen Wind, water 0 50 0 50 100 40 50 

Western redcedar Wind 0 0 100 100 0 40 50 

Western hemlock Wind 0 0 50 100 0 30 25 

Bigleaf maple Wind 0 0 100 50 0 30 25 

Paper birch Wind and water 0 0 100 50 0 30 25 

Lodgepole pine Wind 0 0 100 50 0 30 25 

Ponderosa pine Wind 0 0 100 0 0 20 0 

Douglas-fir Wind 0 0 100 0 0 20 0 

Western larch Wind 0 0 50 50 0 20 0 

Western white pine Wind 0 0 50 50 0 20 0 

Black cottonwood Wind, water 0 0 0 0 100 20 0 
1 Primarily abiotic = 0; primarily biotic = 100. 
2 High = 0; medium = 50; low = 100. 
3 Greater than 0.5 mile = 0; 400 ft to 0.5 miles = 50; less than 400 ft = 100. 
4 Less than 10 years = 0; 10 to 20 years = 50; more than 20 years = 100. 
5 Monoecious = 0; dioecious = 100. 
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The species with the lowest risk factor scores were 
black cottonwood, western white pine, western larch, 
Douglas-fir, and ponderosa pine. High production of 
wind-dispersed seed and an earlier minimum seed-
bearing age or a greater dispersal distance allow the 
species in this group to rapidly colonize new areas 
following disturbance. With the exception of black 
cottonwood, these are important commercial species in 
eastern Washington and are part of the national 
forests’ reforestation programs. 

Habitat Affinity 

Approach 

The habitat affinity risk factor consists of four 
variables selected to describe how a species’ habitat 
affinities are expected to influence its vulnerability to 
projected changes in climate (table A3-10). The four 
variables are: Mean Elevation, Successional Stage, 
Habitat Specificity, and Drought Tolerance. Species 
occurring at high elevations are more vulnerable to 
climate change, specifically warming temperatures, 
because the extent of their habitat and their pathways 
of migration become increasingly limited (Parmesan 
2006). Mean Elevation was calculated from all 
occurrences on FIA plots in eastern Washington. The 
vulnerability score ranged from 0 (the species with the 
lowest mean elevation) to 100 (the species with the 
highest mean elevation), with values for all other 
species assigned proportionally, according to where 
their mean elevations fell between these two extremes. 

The Successional Stage variable was included because 
species adapted to later successional stages generally 
have greater within-population genetic diversity than 
species of earlier successional stages (Hamrick et al. 
1992) and thus are assumed to be more vulnerable to 
loss of genetic diversity (Myking 2002, Potter and 
Crane 2010). Habitat Specificity represents the 
specificity of a given species’ habitat requirements 
relative to other tree species in eastern Washington. 
Species with high habitat specificity were assigned 
high vulnerability scores because they were considered 

more vulnerable to habitat loss associated with climate 
change. Drought Tolerance was included because 
projected increases in summer temperatures are likely 
to be associated with increased drought, even if no 
substantial change occurs in summer precipitation. 
Species with higher tolerance of drought were 
assigned lower vulnerability scores. 

Key Observations 

For the habitat affinity risk factor: 

• Mean elevation of tree species ranged from 
2,633 to 6,580 ft (800 to 2,000 m). Mean 
elevations of species were evenly distributed, 
with the exception of a gap separating the two 
highest-elevation species from the others. 
These two species were subalpine larch (6,580 
ft; 2,000 m) and whitebark pine (6,171 ft; 
1,880 m). 

• One species, Pacific silver fir, was 
characterized as occurring more frequently in 
the canopy of late-successional forests than in 
that of early successional forests. Seven 
species occurred typically in early-to-mid 
successional stages, and 13 species occupied 
both early and late successional stages. 

• Whitebark pine and subalpine larch were the 
only species rated as having high habitat 
specificity. Four species were rated as having 
relatively low habitat specificity, and 15 
species were rated as having an intermediate 
level of habitat specificity. 

• We rated 3 species as having high drought 
tolerance: Oregon white oak, ponderosa pine, 
and whitebark pine. Six species had medium 
drought tolerance, and 12 species had low 
drought tolerance. Drought-tolerance ratings 
were assigned relative to the other trees of 
eastern Washington; thus, some ratings differ 
from those assigned to the same species in the 
western part of the state. 
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Table A3-10. Habitat affinity risk factor for a climate change vulnerability assessment of major eastern Washington 
tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for four variables representing habitat-
related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 
Mean 

elevation (ft)1 

Score 

Mean 
elevation2 

Successional 
stage3 

Habitat 
specificity4 

Drought 
tolerance5 

Raw 
factor 
score 

Scaled 
factor 
score 

Subalpine larch 6,580 100 50 100 100 88 100 

Pacific silver fir 4,590 50 100 50 100 75 83 

Subalpine fir 5,150 64 50 50 100 66 71 

Mountain hemlock 5,053 61 50 50 100 65 70 

Engelmann spruce 4,811 55 50 50 100 64 68 

Alaska yellow-cedar 4,803 55 50 50 100 64 68 

Western hemlock 3,736 28 50 50 100 57 58 

Bigleaf maple 2,675 1 50 50 100 50 49 

Noble fir 4,362 44 0 50 100 48 47 

Whitebark pine 6,171 90 0 100 0 47 45 

Western white pine 3,999 35 50 50 50 46 44 

Quaking aspen 3,438 20 0 50 100 43 39 

Western redcedar 3,427 20 50 0 100 43 39 

Black cottonwood 2,852 6 0 50 100 39 34 

Lodgepole pine 4,473 47 0 50 50 37 31 

Western larch 3,958 34 0 50 50 33 26 

Douglas-fir 3,776 29 50 0 50 32 25 

Grand fir 3,592 24 50 0 50 31 23 

Ponderosa pine 3,286 17 50 50 0 29 20 

Oregon white oak 2,633 0 50 50 0 25 15 

Paper birch 2,906 7 0 0 50 14 0 

1 Mean elevations of all occurrences on FIA plots. 
2 Lowest elevation = 0; highest elevation = 100; all other species scored in proportion to where their values fell between these two 
extremes. 
3 Early = 0; early to late = 50; late = 100. 
4 Low = 0; medium = 50; high = 100. 
5 High = 0; medium = 50; low = 100. 
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• Subalpine larch and Pacific silver fir had the 
highest vulnerability scores for the habitat 
affinity risk factor. Both of these species had 
low drought-tolerance ratings and high 
vulnerability ratings for successional stage or 
habitat specificity. The species with the lowest 
habitat affinity risk factor scores were paper 
birch and Oregon white oak. 

Adaptive Genetic Variation 

Approach 

The adaptive genetic variation factor is based on 
elements that describe a tree species’ ability to adapt to 
a changing climate: genetic diversity, gene flow, and 
population structure. Genetic variation in adaptive 
traits is important because it provides the raw 
materials for populations to cope with climate change 
through evolution (Aitken et al. 2008). Forest trees 
generally have high levels of both within- and among-
population genetic diversity for quantitative traits 
related to adaptation. A wealth of information has been 
collected on this type of genetic variation in 
commercially important trees species through common 
garden experiments. This information has been critical 
in developing seed zones and elevation bands to guide 
seed movement (Randall 1996). 

Rehfeldt (1994) used the term specialist to describe 
species in which genetic variability is organized into 
numerous local populations, each of which is 
physiologically specialized for a 
particular range of 
environments. Conversely, the 
term generalist describes species 
in which individuals, and 
therefore populations, are 
attuned to a broad range of 
environments. Because 
specialist species are closely 
adapted to their local 
environment and do not have the 
necessary adaptive genetic 

variation within populations to rapidly adapt to a 
changing climate, they are more susceptible to changes 
in climate. The general characteristics of these 
alternative evolutionary strategies are shown in table 
A3-11. 

Genetic variation in traits related to local adaptation is 
critically important in assessing vulnerability to 
climate change. Seed zones delineated for 
commercially important tree species reflect levels of 
genetic variation in adaptive traits; however, the 
number and size of these zones also are dependent on 
the distribution of the species. Therefore, in this risk 
factor, we used seed zone elevation band width (within 
this study area) as a surrogate for adaptive genetic 
variation. Species with one or no elevation bands are 
considered generalists with wide climatic tolerances, 
whereas species with several narrow elevation bands 
are considered specialists, highly adapted to their local 
environment, with specific climatic requirements. For 
example, elevation band widths that determine seed 
transfer zones for Douglas-fir, a specialist species, are 
1,000 ft (305 m), whereas for western white pine, a 
generalist species, there are no elevation restrictions 
on seed transfer (Randall 1996). Because specialist 
species are more vulnerable to changes in climate, 
species with narrow elevation bands within their 
eastern Washington range were given a higher 
vulnerability score (table A3-12). 

Evolution and response to natural selection depend on 
a number of factors including genetic diversity present 
within populations and gene flow from adjacent  

Table A3-11. Comparison of alternative evolutionary strategies 

Characteristic 
Evolutionary strategy 

Specialist Generalist 

Factor controlling physical expression of 
adaptive traits 

Genotype Environment 

Mechanism for accommodating 
environmental heterogeneity 

Genetic 
variation 

Phenotypic 
plasticity 

Range of environments across which 
physiological processes function optimally 

Small Large 

Slope of gradients for adaptive traits Steep Flat 

Source: Rehfeldt 1994. 
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Table A3-12. Adaptive genetic variation risk factor for a climate change vulnerability assessment of major 
eastern Washington tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for three 
variables representing vulnerabilities related to adaptive genetic variation as well as factor scores based 
on the average of the variable scores 

  
Species 

Pollen 
dispersal 

vector 

Score 

Seed zone 
elevation 

band width1 

Pollen 
dispersal 
vector2 

Disjunct 
populations3 

Raw 
factor 
score 

Scaled 
factor 
score 

Lodgepole pine Wind 100 0 0 33 100 

Douglas-fir Wind 100 0 0 33 100 

Oregon white oak Wind 100 0 0 33 100 

Bigleaf maple Insects 0 100 0 33 100 

Whitebark pine Wind 0 0 100 33 100 

Pacific silver fir Wind 67 0 0 22 67 

Grand fir Wind 67 0 0 22 67 

Subalpine fir Wind 67 0 0 22 67 

Subalpine larch Wind 67 0 0 22 67 

Western larch Wind 67 0 0 22 67 

Engelmann spruce Wind 67 0 0 22 67 

Ponderosa pine Wind 67 0 0 22 67 

Western redcedar Wind 67 0 0 22 67 

Western hemlock Wind 67 0 0 22 67 

Noble fir Wind 33 0 0 11 33 

Paper birch Wind 33 0 0 11 33 

Alaska yellow-cedar Wind 33 0 0 11 33 

Black cottonwood Wind 33 0 0 11 33 

Quaking aspen Wind 33 0 0 11 33 

Mountain hemlock Wind 33 0 0 11 33 

Western white pine Wind 0 0 0 0 0 

1 No seed zone elevation bands = 0; bands wider than 1,500 ft = 33; bands 1,000 to 1,500 ft = 67; bands less than 1,000 ft = 100. 
2 Primarily abiotic pollination vectors = 0; primarily biotic pollination vectors = 100. 
3 No disjunct populations = 0; one or more such populations = 100.   
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populations (Aitken et al. 2008). For example, gene 
flow into a population from adjacent populations 
growing at warmer temperatures (such as populations 
at lower elevations or further south) can increase the 
rate of adaptation by introducing genetic variation that 
is pre-adapted to a warmer climate. Gene flow occurs 
through the movement of pollen and seed; however, 
neither of these vectors is easy to measure on a 
quantitative basis. The majority of the group 1 species 
are wind-pollinated and also produce seeds that are 
dispersed by wind. Only bigleaf maple is insect-
pollinated, and only whitebark pine and Oregon white 
oak produce animal-dispersed seeds. Species that are 
insect-pollinated are more vulnerable to climate 
change because of the required interaction with 
another organism; climate change may affect the 
seasonal patterns of insect pollinator activity and thus 
disrupt the synchrony between the pollinators and the 
time of flowering. Therefore, insect-pollinated tree 
species were assigned a higher vulnerability rating in 
our analysis (table A3-12). For the same reason, trees 
with animal-dispersed seed also were assigned higher 
vulnerability ratings (in the reproductive capacity risk 
factor; table A3-9). 

Populations that are disjunct from other parts of a 
species’ distribution may evolve to be genetically 
distinct due to the lack of exchange of genetic material 
among populations; this may or may not be reflected 
in adaptive genetic variation. Additionally, gene flow 
into populations that are isolated or fragmented is 
often interrupted, which increases the future 
vulnerability of these populations, as opportunities to 
receive novel adaptive genetic variation are restricted. 
In this assessment, we assigned a higher vulnerability 
score to species that we deemed to be at higher risk to 
climate change within the entire study area as a result 
of geographical separation of populations. For some 
other species, individual populations that are 
geographically isolated may be at a higher risk from 
the potential impacts of climate change because of 
their isolation, but these populations were judged not 
to increase the risk to the entire species; thus they not 
assigned a high vulnerability rating for this variable. If 
the entire distribution of a given species within the 

study area were disjunct from the rest of that species’ 
range, then it would receive a high vulnerability rating. 

Data for all variables in this risk factor were obtained 
from the scientific literature. Elevation band widths 
were obtained from Washington Tree Seed Transfer 
Zones (Randall and Berrang 2002), for all species with 
the exception of bigleaf maple, paper birch, Oregon 
white oak, quaking aspen, whitebark pine, mountain 
hemlock, subalpine larch, and subalpine fir. Formal 
seed zones have not been delineated for these species, 
but published information on adaptive genetic 
variation was used in combination with the elevation 
range of these species in eastern Washington 
(appendix 7) to assign scores for this variable. 
Information for bigleaf maple was obtained from 
Iddrisu (2005), paper birch from Benowicz et al. 
(2001a), Oregon white oak from Hubert and Aitken 
[N.d.], quaking aspen from St. Clair et al. (2010), 
whitebark pine from Bower and Aitken (2008) and 
Aubry et al. (2008), mountain hemlock from Benowicz 
and El-Kassaby (1999) and Benowicz et al. (2001b), 
and subalpine fir was from Warwell (pers. comm.). 

Key Observations 

• Douglas-fir, lodgepole pine, and Oregon white 
oak, all of which are specialist species closely 
adapted their local environment, ranked in the 
highest vulnerability group for this factor. 

• Because it is insect-pollinated, bigleaf maple 
also ranked in the highest vulnerability group, 
with the species that have narrow elevation 
bands. 

• Whitebark pine was the only species with 
geographically isolated populations in eastern 
Washington; this placed it in the highest 
vulnerability group. Populations on the 
Okanogan-Wenatchee National Forest are 
contiguous with the rest of the Cascade Range 
distribution, but populations on the Colville 
National Forest are generally small and 
restricted to isolated mountain peaks in several 
mountain ranges. Although whitebark pine 
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seed can be transported long distances by 
Clark’s nutcracker (Lorenz et al. 2011), 
populations on different mountain ranges will 
have restricted gene flow, which could 
negatively impact their ability to adapt to 
changes in climate. 

• Western white pine ranked lowest in 
vulnerability. It is a generalist species with 
broad environmental tolerances and the only 
widespread conifer that has no seed zone 
elevation bands. 

Insects and Diseases 

Approach 

This risk factor includes insects and diseases that 
presently affect the tree species under assessment or 
are expected to exacerbate the effects of climate 
changes on tree survival, growth, or vigor (table A3-
13). For each tree species, the most important insect 
and disease threats within the area of analysis were 
determined by entomologists and pathologists of the 
Forest Service Forest Health Protection Wenatchee 
Service Center, who rated each insect and disease 
according to the severity and immediacy of its impact. 
The score for each threat to each species was 
calculated by multiplying the severity and immediacy 
ratings; the factor score for each species is the sum of 
all individual threat scores for that species. 

We made one modification to Potter and Crane’s 
(2010) original format for this risk factor; we altered 
their threat immediacy rating scale to better represent 
threats in eastern Washington. We changed the 
definition of immediacy score 2, “approaching region 
of interest,” to “present in region;” and we changed the 
definition of immediacy score 3, “present in region,” 
to “present in region and climate change appears to 
contribute to increases in distribution and impact.” 
Although species-specific predictions for the future 
remain uncertain, these changes were made because 
there are indications that the current trend in climate 
warming has already exacerbated the effects of several 

insects and diseases on tree species of the Pacific 
Northwest. 

Key Observations 

Each tree species was assigned between one and five 
threats. Threats are arranged in table A3-13 from 
highest to lowest score within each species (threat 1 is 
highest; threat 2 is second highest, etc.). The severity 
scores ranged from 1 (minor mortality, usually of 
already-stressed trees) to 8 (significant mortality of 
mature trees). 
All species/threat combinations threats received an 
immediacy score of either 2 (present in region) or 3 
(present in region and climate change appears to be a 
contributing factor in increases in distribution and 
impact). 

The insect threats with the highest scores were: 

• Mountain pine beetle (whitebark pine, 24; 
lodgepole pine, 24) 

• Douglas-fir beetle (Douglas-fir, 15) 

• Heterobasidion-fir engraver complex (grand 
fir, 15) 

• Balsam woolly adelgid (subalpine fir, 10). 
In each case, the immediacy score was 2 or 3 and the 
severity score was either 5 (moderate mortality of 
mature trees) or 8 (significant mortality of mature 
trees). 

The disease threats with the highest scores were: 

• Larch dwarf mistletoe (western larch, 16) 

• Mountain hemlock dwarf mistletoe (mountain 
hemlock, 10) 

• Douglas-fir dwarf mistletoe (Douglas-fir, 10) 

• Armillaria root disease (Douglas-fir, 9). 
Immediacy scores were 2 or 3 for these threats; 
severity scores ranged from 3 (moderate mortality in 
association with other threats) to 8 (significant 
mortality of mature trees). 

Douglas-fir ranked highest in vulnerability in the 
insect and disease risk factor (score of 100). After  
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Table A3-13. Insects and diseases risk factor for a climate change vulnerability assessment of major eastern Washington 
tree species. Vulnerability scores for as many as five major threats per tree species are shown (continues) 

Species 

Threat 1  Threat 2  Threat 3 

Threat Se
ve

rit
y1  

Im
m

ed
ia

cy
2  

Sc
or

e3  

  Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e 
 Threat Se

ve
rit

y 

Im
m

ed
ia

cy
 

Sc
or

e 

Douglas-fir Douglas-fir beetle 5 3 15  Douglas-fir dwarf 
mistletoe 

5 2 10  Armillaria root 
disease 

3 3 9 

Grand fir Heterobasidion-fir 
engraver complex  

5 3 15 
 

Douglas-fir 
Tussock moth 

3 3 9 
 

Western Spruce 
Budworm 

3 2 6 

Subalpine fir Balsam woolly 
adelgid 

5 2 10 
 

Western balsam 
bark beetle 

3 3 9 
 

Pityokteines 
minutus 

3 3 9 

Whitebark pine Mountain pine beetle 8 3 24 
 

White pine blister 
rust 

3 2 6 
 

    

Lodgepole pine Mountain pine beetle 8 3 24 
 

Ips bark beetles 1 3 3 
 

Armillaria root 
disease 

1 3 3 

Ponderosa pine Western pine beetle 3 3 9 
 

Mountain pine 
beetle 

3 3 9 
 

Western dwarf 
mistletoe 

3 2 6 

Western larch Larch dwarf mistletoe 8 2 16 
 

Armillaria root 
disease 

1 3 3 
 

Larch casebearer 1 2 2 

Paper birch Bronze birch borer 3 3 9 
 

Ganoderma 
applanatum 

1 3 3 
 

Armillaria sinapina 1 3 3 

Mountain hemlock Mountain hemlock 
dwarf mistletoe 

5 2 10 
 

Armillaria root 
disease 

1 3 3 
 

    

Engelmann spruce Spruce beetle 3 3 9 
 

Tomentosus root 
rot 

1 2 2 
 

Western Spruce 
budworm 

1 2 2 

Quaking aspen Cytospora canker 3 2 6 
 

Ganoderma 
applanatum and 

  

1 3 3 
 

Satin moth 1 2 2 

Western white pine White pine blister 
rust 

3 2 6 
 

Mountain pine 
beetle 

1 3 3 
 

Armillaria root 
disease 

1 3 3 

Pacific silver fir Silver fir beetle 1 3 3 
 

Armillaria root 
disease 

1 3 3 
 

Heterobasidion 
root disease 

1 2 2 

Black cottonwood Agrilus spp. 3 2 6 
 

    
 

 
   

Noble fir Laminated root rot 1 2 2 
 

Armillaria root 
disease 

1 2 2 
 Heterobasidion 

root disease 
1 2 2 

Bigleaf maple Root Diseases 1 3 3           
Western redcedar Armillaria root 

disease 
1 3 3 

 
    

 
    

Western hemlock Armillaria root 
disease 

1 3 3 
 

    
 

    
Oregon white oak Armillaria root 

disease 
1 2 2 

 
    

 
    

Alaska yellow-cedar                
Subalpine larch                        
1 Minor mortality, usually of already-stressed trees = 1; moderate mortality in association with other threats = 3; moderate mortality of mature trees 
= 5; significant/complete mortality in related species = 6; significant mortality of mature trees = 8; mortality of all mature trees = 10. 
2 Potential to reach region of interest = 1; present in region = 2; present in region and climate change appears to be a contributing factor in 
increases in distribution and impact = 3. 
3 Score is the product of multiplying severity and immediacy values. 
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Table A3-13, continued 

Species 

Threat 4 

 

Threat 5 

  

Score 

Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e 

Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e 

Raw 
factor 
score4 

Scaled 
factor 
score 

Douglas-fir Western Spruce 
budworm 

3 2 6  Douglas-fir Tussock 
moth 

1 3 3  43 100 

Grand fir Armillaria root 
disease 

1 3 3 
 

Balsam woolly 
adelgid 

1 2 2  35 81 

Subalpine fir Dwarf mistletoe-
Cytospora complex 

1 2 2  Western Spruce 
budworm 

1 2 2  32 74 

Whitebark pine           30 70 

Lodgepole pine           30 70 

Ponderosa pine Armillaria root 
disease 

1 3 3  Ips bark beetle 1 3 3  30 70 

Western larch           21 49 

Paper birch Western and forest 
tent caterpillars 

1 2 2  Green alder sawfly 1 2 2  19 44 

Mountain hemlock       
    13 30 

Engelmann spruce       
    13 30 

Quaking aspen Aspen borers 1 2 2   
    13 30 

Western white pine 
 

     
    12 28 

Pacific silver fir            12 28 

Black cottonwood             6 14 

Noble fir             6 14 

Bigleaf maple             3 7 

Western redcedar             3 7 

Western hemlock             3 7 

Oregon white oak Ips bark beetles 1 2 2        2 5 

Alaska yellow-cedar             0 0 

Subalpine larch             0 0 

4 Calculated by summing the five threat scores. Higher scores indicate greater vulnerability. 
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Douglas-fir, a group of five species with scores from 
70 to 81 included two true firs (grand fir and subalpine 
fir) and three pines (whitebark pine, lodgepole pine, 
and ponderosa pine). The five broadleaf tree species 
scored relatively low (scores between 5 to 44). 
Subalpine larch and Alaska yellow-cedar received risk 
factor scores of 0 because they are not known to be 
affected by any major insects or diseases in eastern 
Washington. 

Overall Scores and Rankings 

The vulnerability score for each risk factor and the 
overall vulnerability score for each species are 
displayed in table A3-14. The overall vulnerability 
scores were calculated by averaging the five risk 
factors, which were weighted equally. Higher overall 
scores indicate higher projected vulnerability to the 
effects of climate change as measured by the five risk 
factors. General observations on the vulnerability 
scores and rankings shown in table A3-14 include: 

• Among the 21 group 1 tree species, overall 
vulnerability scores ranged from 28 to 74 
(lowest and highest scores possible were 0 and 
100, respectively). When species were ranked 
by score, the scores were distributed relatively 
evenly, with the largest gap between scores 
occurring between the highest ranked species, 
whitebark pine (74), and the second-ranked 
species, subalpine fir (64). 

• The most common low- to mid-elevation 
conifers, Douglas-fir, ponderosa pine, western 
larch, western hemlock, and western redcedar, 
all were in the lower half of the vulnerability 
ranking. 

• Many of the important commercial species 
including Douglas-fir, ponderosa pine, and 
western larch had relative low vulnerability 
scores. All four of the true firs, however, had 
relatively high scores. 

• With the exception of Oregon white oak, 
which ranked in the top group, the other 

broadleaf species occurred in the lower half of 
the rankings. 

• Vulnerability of tree species generally 
increased with mean elevation of occurrences 
on FIA plots on which each species occurred 
(fig. A3-6a). For example, all species with 
mean FIA plot elevations above 4,000 ft 
(1,220 m) had overall vulnerability scores of 
50 or higher. However, because mean FIA plot 
elevation is a variable in the habitat affinity 
risk factor (table A3-10), it clearly had some 
influence on species’ overall rankings. To 
determine how much influence the FIA plot 
elevation variable had on overall scores, we 
re-calculated the overall vulnerability scores 
with the FIA plot elevation variable removed 
from the habitat affinity risk factor. The result 
of this was very little change in species’ 
overall vulnerability scores or rankings (fig. 
A3-6b). With the FIA plot elevation variable 
removed, the two species with the largest 
changes in overall scores were bigleaf maple 
(+5 points; increased 3 places in the ranking) 
and whitebark pine (-4 points; ranking did not 
change). 

• For most species, scores were quite variable 
across the five risk factors. The species with 
the most variable risk factor scores were 
subalpine larch, Douglas-fir, Oregon white 
oak, bigleaf maple, and noble fir. 

Results Based on Three Risk Factors 

After scoring species based on five equally weighted 
risk factors, we posed the following question: what if 
high vulnerability scores in fewer than five risk factors 
were sufficient to make a species highly vulnerable to 
climate change? To answer this, we recalculated the 
overall vulnerability scores using only the three risk 
factors with the highest scores for each species. Thus, 
for whitebark pine, with factor scores of 100, 100, 70, 
57, and 45, the overall score was recalculated as the 
average of 100, 100, and 70. This new calculation was 
based on the assumption that three areas of high  
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Table A3-14. Summary of five risk factor scores, and overall vulnerability scores, in a climate change vulnerability 
assessment of major eastern Washington tree species 

Species  

Risk factor scores 

Overall 
score1 Distribution 

Reproductive 
capacity 

Habitat 
affinity 

Adaptive 
genetic 

variation 
Insects and 

disease 

Whitebark pine  57 100 45 100 70 74 

Subalpine fir  33 75 71 67 74 64 

Pacific silver fir  56 75 83 67 28 62 

Oregon white oak  89 100 15 100 5 62 

Subalpine larch  59 75 100 67 0 60 

Grand fir  53 75 23 67 81 60 

Engelmann spruce  43 75 68 67 30 57 

Noble fir  100 75 47 33 14 54 

Lodgepole pine  28 25 31 100 70 51 

Alaska yellow-cedar  76 75 68 33 0 50 

Mountain hemlock  66 50 70 33 30 50 

Bigleaf maple  54 25 49 100 7 47 

Douglas-fir  0 0 25 100 100 45 

Western redcedar  60 50 39 67 7 45 

Western hemlock  62 25 58 67 7 44 

Quaking aspen  66 50 39 33 30 44 

Ponderosa pine  38 0 20 67 70 39 

Western larch  50 0 26 67 49 38 

Paper birch  75 25 0 33 44 35 

Western white pine  71 0 44 0 28 28 

Black cottonwood  60 0 34 33 14 28 

1 Calculated by averaging the scores from the five risk factors, each with a range of 0 to 100. Higher scores indicate greater vulnerability. 
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Figure A3-6. Relationship between overall climate change vulnerability score and mean 
elevation of FIA plots on which each of the group 1 tree species occurred (a), and the 
same relationship shown with overall vulnerability scores recalculated without the 
elevation variable in the distribution risk factor (b). 
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vulnerability would be sufficient to raise a species’ 
overall vulnerability to climate change. This differs 
from our five-factor calculation, which was designed 
to be as comprehensive as possible, under the 
assumption that we can’t confidently predict which 
specific risk factors will be most important in the 
future. The results of our three-factor calculations are 
shown in table A3-15. We noted several trends: 

• When using only the three highest-scoring risk 
factors for each species, most species did not 
change in ranking by more than three 
positions, and rankings of 12 species did not 
change at all or changed by only one position. 
The two exceptions were Douglas-fir, which 
increased eight positions in rank, and 
subalpine fir, which fell six positions. 

• Douglas-fir increased in ranking when using 
only three factors because its scores for 
distribution, reproductive capacity, and habitat 
affinity were low (0, 0, and 25), whereas its 
scores for adaptive genetic variation and 
insects and diseases were both 100. This 
disparity in factor scores led to its increase in 
rank when the lowest scores were dropped. 

• Subalpine fir decreased in ranking when using 
only three risk factors because its three highest 
factor scores (75, 74, and 71) were relatively 
moderate compared to the three highest scores 
of many of the other tree species. Therefore, 
while the overall score for subalpine fir 
increased 9 points when its two lowest risk 
factors were dropped, the scores of all other 
tree species increased by an average of 18 
points when their two lowest risk factors were 
dropped. 

• The greatest increase in vulnerability score 
was 35 points, for Oregon white oak. This 
resulted from three very high factor scores 
(100, 100, and 89). 

• Because rankings were generally similar 
whether we made the comprehensive analysis 
(all five risk factors) or the analysis that 
emphasized the three areas of greatest 

vulnerability (three-factor analysis), we have 
high confidence in our vulnerability 
assessment approach. 

Forest Series 

Management of forest tree species can, in some cases, 
likely be carried out more efficiently if applied at a 
scale broader than at the level of individual tree 
species. As an example of this approach, we used 
forest series (also known as climax tree series or plant 
association series) to determine which forest types 
were at highest risk of climate change impacts based 
on their tree species composition. Forest series is 
classified according to the dominant overstory tree 
species present when a stand succeeds to a climax 
condition; a series includes all the different vegetation 
types that eventually succeed to this common climax 
condition. We used the guides to forested plant 
associations developed by the Colville, Okanogan, and 
Wenatchee National Forests (Williams and Lillybridge 
1983; Williams et al. 1995; Lillybridge et al. 1995). 
For each forest series, we list the major seral and 
climax canopy tree species of the forest canopy, 
ranked by our overall climate change vulnerability 
scores, in tables A3-16 through A3-18. 

Because the forest series of eastern Washington are 
relatively diverse in tree species (compared to the 
coastal Pacific Northwest), most forest series 
contained species of both high and low vulnerability 
scores. This reflects not only the number of tree 
species that may occur at a given location but also the 
diversity of plant associations within each forest 
series. Given this diversity of plant associations, a 
detailed assessment of the potential influence of 
climate change would require analysis at finer level 
than at the forest series. But even at the relatively 
broad scale of forest series, it is evident that series on 
the higher-elevation, moister sites (LALY, ABAM, 
PIAL, ABLA, TSME) contained more of the high-
vulnerability tree species than did the forest series on 
lower-elevation, drier sites (e.g., PIPO, PSME, 
ABGR) (tables A3-16 through A3-18). 
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Table A3-15. Overall climate change vulnerability rankings and scores for major eastern Washington tree 
species, rankings and scores calculated with only the three highest-scoring risk factors, and the change in 
rank and score associated with the three-factor results1 

  
Species rankings based  

on overall score 
 

Overall vulnerability score 

Species  
Using all 5 

factors 

Using 3 
highest 
factors 

Change 
in rank 

 
Using all 5 

factors 

Using 3 
highest 
factors 

Increase in 
score using 3 

factors 
Oregon white oak  4 1 +3  62 96 35 

Whitebark pine  1 2 -1  74 90 16 

Subalpine larch  5 3 +2  60 81 20 

Pacific silver fir  3 4 -1  62 75 13 

Douglas-fir  13 5 +8  45 75 30 

Grand fir  6 6 0  60 74 15 

Noble fir  8 7 +1  54 74 20 

Subalpine fir  2 8 -6  64 73 9 

Alaska yellow-cedar  10 9 +1  50 73 23 

Engelmann spruce  7 10 -3  57 70 13 

Bigleaf maple  12 11 +1  47 68 21 

Lodgepole pine  9 12 -3  51 67 16 

Western hemlock  15 13 +2  44 62 19 

Mountain hemlock  11 14 -3  50 62 12 

Western redcedar  14 15 -1  45 59 15 

Ponderosa pine  17 16 +1  39 58 19 

Western larch  18 17 +1  38 55 17 

Quaking aspen  16 18 -2  44 51 8 

Paper birch  19 19 0  35 51 15 

Western white pine  20 20 0  28 47 19 

Black cottonwood  21 21 0  28 42 14 

1 Higher scores indicate greater vulnerability; a ranking of 1 = most vulnerable and a ranking of 21 = least vulnerable. 
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The potential changes in forest canopy composition 
that could result from climate change are complex and 
beyond the scope of this analysis. In some cases, the 
proportion of the forest canopy occupied by a tree 
species with a specific vulnerability, such as a major 
insect threat, is likely to decline, allowing other tree 
species, or regeneration of the same species, to take its 
place. But in many forest types, it is not yet clear 
which climate-related impacts will have the greatest 
effects and at what point these impacts will affect each 

species. Furthermore, it is difficult to predict the 
dynamics of forest canopy change under a future 
climatic regime that is still uncertain. Owing to these 
multiple levels of uncertainty, management decisions 
made at this time should be designed to maintain forest 
resiliency and biodiversity under a wide range of 
future conditions. 
  

Table A3-16. Major canopy tree species in each climax tree series described for the Colville National Forest, 
ranked by climate change vulnerability score1 

Species 

Overall 
vulnerability 

score  

Climax tree series 

PSME ABGR ABLA TSHE THPL PIAL POTR 

Whitebark pine 74      X  

Subalpine fir 64   X X  X  

Pacific silver fir2 62        

Oregon white oak2 62        

Subalpine larch2 60        

Grand fir 60  X  X X   

Engelmann spruce 57   X X X X  

Noble fir2 54        

Lodgepole pine 51 X X X X X X  

Alaska yellow-cedar2 50        

Mountain hemlock3 50        

Bigleaf maple2 47        

Douglas-fir 45 X X X X X X  

Western redcedar 45    X X   

Western hemlock 44    X    

Quaking aspen 44    X   X 

Ponderosa pine 39 X X      

Western larch 38   X X    

Paper birch 35    X    

Western white pine 28    X    

Black cottonwood3 28        
1 Climax tree series described by Williams et al. (1995). Higher vulnerability scores indicate greater vulnerability. 
2 Species does not occur on this national forest. 
3 Does not typically occur in the overstory of the climax tree series described for the Colville National Forest by Williams et al. (1995). 
 

 



Appendix 3: Climate Change and Forest Trees in Eastern Washington         A3-55 
 

  

Table A3-17. Major canopy tree species typically occurring in each climax tree series described for the 
Okanogan National Forest, ranked by climate change vulnerability score1 

Species 

Overall 
vulnerability 

score 

Climax tree series 

PSME ABLA PIAL ABAM POTR LALY 
Whitebark pine 74  X X   X 

Subalpine fir 64  X X X  X 

Pacific silver fir 62    X   

Oregon white oak2 62       

Subalpine larch 60      X 

Grand fir3 60       

Engelmann spruce 57  X X X  X 

Noble fir3 54       

Lodgepole pine 51 X X X    

Alaska yellow-cedar3 50       

Mountain hemlock 50    X   

Bigleaf maple3 47       

Douglas-fir 45 X X X    

Western redcedar3 45       

Western hemlock3 44       

Quaking aspen 44 X X   X  

Ponderosa pine 39 X X     

Western larch 38 X X     

Paper birch3 35       

Western white pine3 28       

Black cottonwood3 28       
1 Climax tree series described by Williams and Lillybridge (1983). Higher vulnerability scores indicate greater vulnerability. 
2 Species does not occur on this national forest. 
3 Not a species typically occurring in the overstory of the climax tree series described for the Okanogan National Forest by Williams 
and Lillybridge (1983). 
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Table A3-18. Major canopy tree species in each plant association group (PAG) series described for the 
Wenatchee National Forest, ranked by climate change vulnerability score1 

Species 

Overall 
vulnerability 

score 

PAG series 

QUGA PIPO PSME ABGR TSHE ABAM TSME ABLA PIAL LALY 
Whitebark pine 74       X X X X 

Subalpine fir 64      X X X X X 

Pacific silver fir 62      X X    

Oregon white oak 62 X          

Subalpine larch 60       X X X X 

Grand fir 60    X X X     

Engelmann spruce 57      X  X X X 

Noble fir 54      X     

Lodgepole pine 51   X X  X X X X  

Alaska yellow-cedar 50      X     

Mountain hemlock 50       X  X X 

Bigleaf maple3 47           

Douglas-fir 45   X X X X  X X  

Western redcedar 45     X X     

Western hemlock 44     X X X    

Quaking aspen3 44           

Ponderosa pine 39  X X X       

Western larch 38   X X X X  X   

Paper birch2 35           

Western white pine 28    X X X     

Black cottonwood3 28           

1 PAG series described by Lillybridge et al. (1995). Higher scores indicate greater vulnerability. 
2 Species not present on this national forest. 
3 Not a species typically occurring in the overstory of the PAG series described for the Wenatchee National Forest by Lillybridge et 
al. (1995). 
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Conclusions of the Group 1 
Assessment 

This vulnerability assessment was designed to 
determine the relative climate change vulnerability of 
major forest tree species. This information is important 
for prioritizing management activities and focusing 
limited resources on the most vulnerable species. 
However, the results should not be interpreted too 
narrowly. For example, a species with an overall 
vulnerability score of 64 may not, for practical 
purposes, be more vulnerable to climate change than a 
species with an overall score of 60; there is no 
statistical significance associated with these scores. 
Emphasis should instead be placed on general patterns 
in species rankings, large differences in scores, and 
most importantly, the underlying reasons for 
vulnerability (e.g., risks at higher elevations or 
exacerbated insect issues). In taking this broader view, 
the information that was compiled and organized to 
conduct the analysis (e.g., tables A3-8 through A3-10, 
A3-12, and A3-13; appendices 7 and 8) may be as 
important as the scores themselves. Centralizing this 
information provided a framework for evaluating and 
comparing the importance of a wide variety of life 
history traits, threats, and other characteristics across 
many tree species. 

As found in our previous vulnerability assessment of 
western Washington (Aubry et al. 2011), our results 
suggest high-elevation tree species are generally at 
greatest relative risk and therefore should be a focus of 
conservation and monitoring. Evaluation of tree 
species by forest series confirmed this pattern and 
demonstrated that our individual-species vulnerability 
ratings can be applied to broader classes of vegetation. 
Although our evaluation focused on the level of forest 
series, examination of the canopy tree composition of 
individual plant associations also may be a useful 
approach. However, owing to the number of plant 
associations in the region, that level of analysis was 
beyond the scope of this project. 

The relationship between high elevation and high 
vulnerability in our assessment results supports the 

findings of a recent publication on federally managed 
Pacific Northwest forests under a changing climate 
(Spies et al. 2010). The high overall vulnerability 
scores that these species received were a result of 
many different factors, not simply the fact that less 
habitat is available at the highest forested elevations. 
Factors such as genetics, reproductive capacity, and 
insect and disease threats also put these higher 
elevation tree species at risk under a changing climate. 
Actions to mitigate potential effects of climate change 
on these high-elevation species must consider the 
multiple vulnerabilities of each tree species and may 
use these risk factors and variables as a starting point. 
Specific action items for the national forests of eastern 
Washington are outlined in the Recommendations 
section of this report. 

Planting of high-elevation tree species may become 
increasingly important in the future. Models of future 
high-elevation forest types project significant shifts in 
suitable habitat during the 21st century (e.g., Coops 
and Waring 2011, Monserud et al. 2008). On the 
national forests of eastern Washington, the species 
most frequently planted in recent years are those 
occurring primarily at lower elevations such as 
ponderosa pine, Douglas-fir, western larch, and 
western white pine. Only small amounts of higher 
elevation species—Engelmann spruce and whitebark 
pine—have been planted recently. If shifts in forest 
habitat at higher elevations result in widespread tree 
mortality, planting of additional higher elevation 
species may become an important management option. 

Thinning of forest stands may also become an 
increasingly important management tool in preparing 
for the potential effects of climate change, specifically 
vulnerabilities to uncharacteristic wildfire and insect 
outbreaks. Thinning, either mechanically or through 
prescribed fire, was one of the primary tools identified 
by managers of eastern Washington forests to promote 
forest stand vigor and resiliency to climate change 
(Gaines et al. 2010). 

In the group 1 vulnerability assessment, we weighted 
the risk factors equally in all of the subregional 
analyses, facilitating score comparisons among 
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subregions. However, in future applications of this 
assessment system, users may find it desirable to use 
alternative variable or risk factor weightings based on 
their own objectives, preferences, or experience. The 
simplest approach would be to calculate the species’ 
overall scores giving greater weight to a risk factor 
deemed of particular importance. There are several 
alternative scoring approaches, such as the three-factor 
analysis described above. Alternatively, a user could 
favor a specific risk factor in the calculation of overall 
species’ scores by assigning an overall score no lower 
than that of the chosen risk factor. For example, if the 
insects and diseases risk factor was chosen as the most 
important risk factor, whitebark pine would retain its 
current overall score of 74 (table A3-14), because its 
insects and diseases factor score was lower (i.e., 70); 
however, subalpine fir would be scored 74 instead of 
64 because its insects and diseases factor score was 
higher than its overall score. This scoring approach 
would be useful if the vulnerabilities associated with a 
given risk factor were of particular concern in an 
analysis. 

The potential impact of climate change presented here 
is just one of a number of considerations when 
planning the restoration and conservation of a 
particular tree species. For example, a look beyond the 
vulnerability rankings is necessary in the case of 
western white pine, which had a vulnerability score of 
only 28. This was due in part to minimum scores (0) 
for the reproductive capacity and adaptive genetic 
variation factors. However, western white pine has 
decreased dramatically over the past century owing to 
harvest, major wildfires, and white pine blister rust, 
caused by the the introduced pathogen Cronartium 
ribicola (Kinloch 2003). Mortality associated with 
white pine blister rust remains prevalent. National 
forests continue to screen western white pine trees to 
find rust-resistant families and to develop and maintain 
orchards for the production of rust-resistant seed 
(Sniezko 2006). This work is critical for the restoration 
of western white pine across the landscape. Thus, a 
relatively low climate change vulnerability score for 
this tree species is not indicative of all present threats 
to the species—threats that would be significant even 

in the absence of climate change—or the degree to 
which conservation and restoration is needed. 

VULNERABILITY OF GROUP 2 
TREE SPECIES 
Group 2 includes 10 tree species that are not 
significant components of the forest canopy, owing to 
small size or because they typically occur as scattered 
individuals or components of the mid-story rather than 
the forest overstory. Because many of the group 2 tree 
species have not been studied as thoroughly as the 
group 1 species, available information was often 
insufficient to perform a quantitative vulnerability 
assessment as we did with the group 1 species. Here, 
we review habitat and reproductive aspects of group 2 
tree species that may influence their vulnerability to 
changes in climate. 

Shade and Drought Tolerance 

The tree species of group 2 vary widely in habitat 
requirements and habitat specificity. In table A3-19, 
the group 2 species are organized according to drought 
and shade tolerances. Among these tree species, the 
five species of low shade tolerance are most likely to 
establish as early successional species after 
disturbance (e.g., floods, fire, harvest) or on very wet 
or very dry sites where few other trees occur. Pacific 
willow and red alder tolerate wet soils and periodic 
flooding, while Rocky Mountain juniper and netleaf 
hackberry are capable of establishing on very dry or 
rocky sites. Scouler’s willow occurs on wet sites and 
drier upland sites.  

The three group 2 species of medium shade tolerance 
may occur in locations partially shaded by the forest 
canopy, although their growth and reproductive rates 
are generally better under full sunlight. These species 
may establish at forest edges, following disturbance, or 
in canopy gaps.  

Within the group 2 species, only Pacific yew and 
water birch are classified as shade-tolerant. Pacific 
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yew occurs on a wide range of sites, in full sunlight or 
in the shade of a conifer overstory. The species is 
unique among conifers in the region, in that it is well-
adapted to growing and reproducing under full shade. 
In northern California, Pacific yew was found to 
become increasingly common in older conifer stands, 
where stand-replacing fires were rare (Scher and 
Jimerson 1989). Water birch occurs most frequently 
on moist, riparian sites. 

Reproduction 

The group 2 species can be 
divided into four groups 
based on seed type and 
dispersal mechanism (table 
A3-20), although detailed 
information on attributes 
such as dispersal distance 
and level of seed production 
is unavailable for many of 
these species. Pacific willow 
and Scouler’s willow 
produce substantial numbers 
of very small, light seeds 
bearing fine hairs; these 

seeds are capable of traveling long distances via wind 
or water. Red alder and water birch produce small, 
winged seeds that likely fall within several hundred 
yards of the parent tree. Rocky Mountain maple 
produces relatively large, winged seeds that are 
primarily dispersed by wind. Dispersal distance of 
these seeds is apparently limited unless they are 
carried by strong winds or transported by animals. The 
fourth species group is defined by the fact that its seed 

Table A3-19. Shade tolerance and drought tolerance of group 2 tree species 

Drought 
tolerance 

Shade tolerance 

Low Medium High 
Low Pacific willow 

Red alder  
 Water birch 

Medium Scouler’s willow Cascara 
Rocky Mountain maple 
Bitter cherry 

Pacific yew 

High Rocky Mountain 
juniper 

Netleaf hackberry 

  

 

 

Table A3-20. Reproductive characteristics of group 2 tree species  

Species Pollination vector 
Seed type and 

dispersal 
Primary seed 

dissemination vector 
Pacific willow Insect Abundant, very small 

seeds; may be 
dispersed miles 

Wind 

Scouler’s willow Insect  

Red alder  Wind Small, winged seeds; 
typically dispersed 
several hundred yards 

Wind and water 

Water birch Wind  

Rocky Mountain maple Insect, wind Large, heavy seeds; 
probably limited 
dispersal distance 

Wind; animal vectors of 
lesser importance 

Bitter cherry 

 

Insect Seed type varies; may 
occasionally be 
dispersed miles 
depending on vector 

Birds and small 
mammals 

Cascara 

 

Insect 

Pacific yew 

 

Wind 

Rocky Mountain juniper 

 

Wind 

 Netleaf hackberry Wind 
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is dispersed primarily by animals. Seeds of these five 
species often are cached or dropped within several 
hundred yards of the parent tree, but there is potential 
for the seed to be transported great distances. Of the 
group 2 species, approximately half are predominantly 
insect-pollinated.  

All group 2 tree species, with the exception of Rocky 
Mountain juniper, are capable of reproducing both 
vegetatively and sexually. In many types of vegetative 
reproduction, a developed root system already exists, 
potentially facilitating rapid growth in the initial 
months and years following a disturbance. Forms of 
vegetative reproduction among various group 2 
species include stump sprouts, root collar (i.e., the 
base of the stem) sprouts, root sprouts, and layering 
(i.e., sprouting of branches that have sagged and 
contacted the soil). However, vegetative reproduction 
originating from stump or root sprouts or layering does 
not provide the potential for propagule dispersal, as 
does sexual reproduction. This substantially limits 
colonization of new habitat created by stand-replacing 
disturbance. Furthermore, vegetative reproduction is 
clonal and thus does not create the variety of 
genotypes that are produced by sexual reproduction. 
For this reason, vegetative reproduction does not 
facilitate genetic adaptation to a changing 
environment. 

Implications for Climate Change 

Most of the group 2 tree species occur on sites with 
extreme moisture regimes (i.e., flooding or drought) or 
as understory components of multiple forest types. 
Based on projections of increased summer moisture 
deficit (Littell et al. 2010), the group 2 tree species that 
are highly drought-tolerant may become more 
competitive in areas presently dominated by less 
drought-tolerant tree species. However, under these 
climate projections, the same drought-tolerant group 2 
species also may lose suitable habitat on sites that are 
already marginal owing to lack of moisture. The group 
2 species that often colonize disturbed sites near 
streams and rivers (Pacific willow, Scouler’s willow, 

red alder, and water birch) may have increased 
opportunity for establishment under projected climate 
scenarios in which snowmelt and precipitation patterns 
increase major flood events (Elsner et al. 2010), which 
create new habitat for them.  

Tree species that interact with animals to facilitate 
their reproduction are vulnerable to climate change 
because any change in the animal’s behavior or 
distribution could affect the tree species’ reproduction, 
as noted in our vulnerability assessment of group 1 
species. For example, in group 1, whitebark pine is 
dependent on a single bird species, Clark’s nutcracker, 
for primary seed dispersal (Aubry et al. 2008). This 
suggests that whitebark pine would have a high level 
of vulnerability to climate-induced changes in the 
distribution or behavior of Clark’s nutcracker. 
Although many of the group 2 species are insect-
pollinated or produce seed that is dispersed by 
animals, vulnerability to climate change is likely to 
differ among these tree species based on their number 
of animal associates, the specificity of the 
relationships, and other factors. Most insect-pollinated 
plant species have multiple pollinator species, 
sometimes 30 or more (Kearns et al. 1998, Waser et al. 
1996). Similarly, most plants producing animal-
dispersed seed have multiple species providing 
dispersal vectors (Herrera 1985). While it is likely that 
pollination- and seed dispersal-related vulnerabilities 
to climate change are lower for tree species associated 
with a large number of species of pollinators or seed 
dispersers, these associations are not well-documented 
for most of the group 2 tree species. Therefore, if 
reproductive limitations emerge for any group 2 
species based on pollen or seed vectors, these changes 
should be investigated to determine causes and 
potential mitigation measures.  
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GENE CONSERVATION 
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INTRODUCTION 
Genetic diversity within and among populations is 
important for a number of reasons, and its 
conservation has become a priority for many species. 
Genetic diversity provides the raw material for 
adapting to changing environments; therefore, 
conservation of genetic diversity protects a 
population’s evolutionary potential, which may be 
especially important under climate change or 
increasing pressures from insects and diseases. Gene 
conservation refers to the tools used to protect and 
maintain genetic diversity. Gene conservation can be 
ex situ, meaning that resources are maintained “off 
site” or outside of a species’ native range (e.g., seed 
banks, seed orchards, off-site plantings); or in situ, 

meaning that resources are maintained “on site” or 
within the native range or source of the population 
(e.g., parks, preserves, and unmanaged lands). 

 

EX SITU GENETIC RESOURCES 

Seed Orchards 

Tree seed orchards in eastern Washington provide an 
excellent resource for ex situ gene conservation for a 
limited number of species. This resource is shown by 
orchard and species in tables A3-21 and A3-22. 

Table A3-21. Ex situ genetic resources in seed orchards on the Colville National Forest 

Orchard name Species Breeding zone 
Orchard area 

(ac) 
Families in 

orchard (no.) 
Brown Mountain Douglas-fir 08022/21032 2.1 47 
  08022/21033 4.9 105 
 Ponderosa pine 8024/21014&34 8.5 202 
 Western larch 08024/21034 10.2 165 
Cedar Creek Douglas-fir 21014/21024 5.9 130 
  21015/21025 4.5 97 
 Engelmann spruce 21015/21025 7.7 79 
 Lodgepole pine 21015/21025 3.4 32 
  21015/21025 3.4 33 
 Western larch 21015/21025 8.2 168 
Flowery Trail Douglas-fir 21011/21021 3.9 66 
  21011/21021A 5.8 147 
 Ponderosa pine 21013/21023 2.3 142 
 Western larch 21013/21023 11.0 72 
Pal Moore Douglas-fir 21022 3.0 46 
  21012/21022 5.4 136 
  21013/21023 5.3 131 
 Lodgepole pine 21014/21024 3.6 36 
  21014/21024 4.0 36 
 Ponderosa pine 21024 6.9 62 
 Western larch 21014/21024 12.0 254 
Teepee Engelmann spruce 21014/21024 8.4 71 
 Western white pine 21103/04/05 12.1 424 
TOTAL   142.3 2,681 
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Seed Storage 

Seed storage for the national forests in eastern 
Washington is maintained at two facilities. Bulked 
reforestation seed lots, which include seed from 
multiple parent trees, are stored at the J. Herbert Stone 
nursery in Medford, Oregon. Of the group 1 tree 
species, bulk seedlots are available for all species with 
the following exceptions: 

• Colville National Forest lacks grand fir, 
subalpine fir, paper birch, whitebark pine, 
black cottonwood, quaking aspen, western 
hemlock, and mountain hemlock (Pacific 
silver fir, noble fir, bigleaf maple, and Alaska 
yellow-cedar are not present on the forest). 

• Okanagan-Wenatchee National Forest lacks 
Pacific silver fir, grand fir, bigleaf maple, 
paper birch, subalpine larch, black 

Table A3-22. Ex situ genetic resources in seed orchards on the Okanogan-Wenatchee 
National Forest  

Orchard name Species 
Breeding 

zone 
Orchard area 

(ac) 
Families in 

orchard (no.) 
Branch Creek Douglas-fir 17043 10 104 
Camas Douglas-fir 17004 9 60 
 Ponderosa pine 17002 9 57 
  17004 9 60 
Duncan Ridge Douglas-fir 17015 11 22 
Ed Cliff Douglas-fir 17013 10 160 
 Ponderosa pine 17013 11 70 
Frank Burge Ponderosa pine 8014 18.5 194 
Hard Knox Douglas-fir 17044 11 125 
 Western white pine 17110 1 11 
Lone Peak Douglas-fir 17006 7 60 
 Ponderosa pine 17006 6 50 
Louie Douglas-fir 17065 14 190 
Mud Creek Ponderosa pine 17002 6.5 10 
  17004 6.5 40 
Peony Douglas-fir 8025 5.8 156 
  21034 3.4 28 
  21035 2.4 54 
 Ponderosa pine 8025 6 84 
  21035 5.8 113 
 Western larch 8025 2.7 89 
  21036 2.7 102 
Polepick Douglas-fir 8014 5.8 67 
 Ponderosa pine 8015 6.1 67 
Westfall Douglas-fir 17064 18 65 
  17074 9 52 
 Ponderosa pine 17064 9 59 
  17065 9 55 
TOTAL   225.2 2,204 
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cottonwood, quaking aspen, and Oregon white 
oak. 

Across all species on all forests, more than 4,500 lbs 
(2,045 kg) of seed are currently in storage. However, 
much of this seed is more than 25 years of age and of 
questionable viability. The seed should be tested and 
unusable seed removed from the inventory. 

Select tree seedlots, which are seed from a single, 
source-identified tree usually with some desirable 
qualities, are maintained at the Dorena Genetic 
Resources Center in Cottage Grove, Oregon (table A3-
23). As with the bulk seedlots, many of these select 
tree seedlots are old, and viability testing is needed to 
assess their condition.  

 

IN SITU GENETIC RESOURCES 
There are extensive areas of protected habitat in 
eastern Washington that serve as reserves of in situ 
genetic resources. For example, there are more than 
1,500,000 ac (609,000 ha) of wilderness areas on the 
national forests. Other protected areas include research 
natural areas and late successional reserves 
administered by the U.S. Forest Service.  

Table A3-23. Ex situ genetic resources in single-tree seedlots in 
storage at the Dorena Genetic Resources Center 

National forest Species Seed lots (no.) 

Colville Western larch 2,458 
 Engelmann spruce 286 
 Whitebark pine 201 
 Lodgepole pine 501 
 Western white pine 1,313 
 Ponderosa pine 1,004 
 Douglas-fir 2,385 

Okanogan-
Wenatchee 

Pacific silver fir 88 
Noble fir 101 

 Western larch 687 
 Engelmann spruce 4 
 Whitebark pine 127 
 Western white pine 1,047 
 Ponderosa pine 2,702 
 Douglas-fir 3,585 
TOTAL  16,381 
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RECOMMENDATIONS  
AND ACTION ITEMS 
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The recommendations and action items developed 
during the course of this project fall into three 
categories: 

1. Learn about and track changes in plant 
communities as the climate changes. Collect 
baseline data where needed. Monitor the 
impacts of a warming climate on the 
distribution and health of forest tree species. 
Look for triggers, such as an increase in the 
frequency of large-scale disturbance, that will 
indicate a need for a change in management 
approach. 

2. Maintain and increase biodiversity and 
increase resiliency. Focus on increasing stand 
diversity of native forest trees through 
thinning and planting. Increase disease 
resistance. Preserve genetic diversity, 
especially of isolated populations, and 

implement ex situ gene conservation where 
appropriate. 

3. Prepare for the future. Given uncertainty 
about how climate changes will unfold, a 
number of future scenarios are possible. Select 
activities that will work under a variety of 
scenarios including a potential increase in 
disturbances such as fires, wind storms, and 
floods, which could be followed by greater 
spread of invasive plant species. 

Based on the findings of our analysis, we created 
action items for the eastern Washington national 
forests (table A3-24). Recommendations and action 
items are focused on present conditions with the 
assumption that existing policy and law will continue 
to guide land managers over the next few years. 

 

  

 

  Table A3-24. Action items for the Colville and Okanogan-Wenatchee National Forests, based on the results of a climate 
change vulnerability assessment. Unless noted, items apply to both forests 

No. Action 

 1. Learn about and track changes in plant communities as the climate changes 

1A CONTINUE AND EXPAND THE SURVEY AND MAPPING PROGRAM FOR WHITEBARK PINE, WITH PARTICIPATION BY ALL LAND 

MANAGEMENT AGENCIES THAT MANAGE WHITEBARK PINE HABITAT IN WASHINGTON. The primary cooperators are the North 
Cascades National Park Complex (NCNPC), the Colville Indian Reservation, and the Loomis State Forest, 
managed by the Washington State Department of Natural Resources (WDNR). This effort should include a 
refinement of the existing state-wide GIS layer of whitebark pine occurrences. Readily accessible data on 
whitebark pine’s present distribution is essential for monitoring and managing the species under climate change 
and pathogen threats. 

1B DEVELOP A CONSERVATION AND MONITORING PLAN FOR SUBALPINE LARCH, A HIGH-ELEVATION TREE SPECIES THAT RANKED 

HIGH IN VULNERABILITY TO CLIMATE CHANGE AND HAS NOT BEEN MANAGED IN THE PAST. A cooperative program would be 
most beneficial since the range of subalpine larch is limited to the Mt. Baker-Snoqualmie and the Okanogan and 
Wenatchee National Forests and the North Cascades National Park Complex on lands between 5,500 and 7,500 ft 
elevation. This effort should include surveys of areas where subalpine larch is suspected to occur, but has not been 
verified. 

1C ESTABLISH PERMANENT PLOTS AT HIGH ELEVATIONS (ABOVE 4,500 FT) IN THE EASTERN CASCADES OF THE OKANOGAN-
WENATCHEE NATIONAL FOREST AND THE NCNPC TO MONITOR CHANGES IN TREE GROWTH, SURVIVAL, AND REPRODUCTION. 
Most of the higher-vulnerability tree species of eastern Washington are either limited to the east side of the 
Cascade Range (Pacific silver fir, subalpine larch, noble fir, mountain hemlock, Alaska yellow-cedar) or are 
relatively prevalent there (whitebark pine, subalpine fir, Engelmann spruce). This work may be facilitated by 
focusing on plant association groups (PAGs) or PAG series that include the most vulnerable tree species. 
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    Table A3-24, continued 
No. Action 

1D MONITOR VEGETATIVE AND REPRODUCTIVE PHENOLOGY IN SEED ORCHARDS. Timing of phenology is closely linked to 
climate, and collecting data on annual phenology and microclimate will allow us to determine if there are trends in 
how trees are responding to annual climate variation. A pilot program was established in 2011 in the Dennie Ahl 
Seed Orchard (Olympic National Forest) to develop protocols to monitor phenology of conifers in seed orchards in 
the Pacific Northwest in partnership with Dr. Constance Harrington of Pacific Northwest Research Station and the 
WDNR.  

2. Maintain and enhance biodiversity and increase resiliency 

2A CONTINUE THE NATIONAL FORESTS’ THINNING PROGRAMS. These programs achieve: (1) promotion of greater biodiversity 
by increasing the proportion of less abundant conifer and hardwood tree species, (2) the development of 
understory vegetation, (3) enhancement of the habitat value provided by forest stands, and (4) increased stand 
resistance and resiliency to disturbances, including fire and insect outbreaks, and environmental stressors, such as 
drought. 

2B CONTINUE TO INCLUDE A VARIETY OF TREE SPECIES IN PLANTING PRESCRIPTIONS, WITH AN EMPHASIS ON UNDER-REPRESENTED 

TREE SPECIES. 

2C EXPAND THINNING AND PLANTING PROGRAMS TO INCLUDE AREAS OTHER THAN FUELS REDUCTION IN THE WILDLAND-URBAN 

INTERFACE. A variety of elevations and species across the forests need to be treated to make a real difference in 
enhancing biodiversity and increasing resiliency.   

2D EXPAND GENE CONSERVATION COLLECTIONS. Seed from rare species and disjunct populations should be collected for 
long-term ex situ gene conservation. These efforts are already under way for whitebark pine, but to date no 
collections have been made for other species. Seed should be collected and sent to the USDA Agricultural 
Research Service National Center for Germplasm Preservation in Ft. Collins, CO. This project would include a 
partnership with WDNR and Colville Tribal Forestry. 

3. Prepare for the future 

3A PARTNER WITH OTHER LAND MANAGERS IN EASTERN WASHINGTON TO CREATE A VIRTUAL COOPERATIVE TREE SEED BANK. This 
would increase the likelihood that appropriate seed will be available for reforestation after large-scale disturbances 
such as fire or insect outbreaks. Landowners can maintain their own seed inventories, but enter in cooperative 
agreements to share seed in the event of a major disturbance. As a first step, Forest Service personnel should form 
a partnership with silviculturists, geneticists, and seed managers from WDNR, Bureau of Land Management, and 
others to develop an approach for sharing information and seed. 

3B MAINTAIN AN INVENTORY OF HIGH-QUALITY SEED FOR TREE SPECIES THAT ARE LIKELY TO BE NEEDED OVER THE NEXT 20 YEARS. 
Place a priority on species that can be planted after disturbance. Accomplish this through the following steps: 
• Assess the viability of seed stored at the Forest Service storage facility at JH Stone Nursery; 
• Retest viability as needed; 
• Discard non-viable seed; 
• Update Seed Procurement Plans to include new and replacement collections. 

3C MAINTAIN AREA SEED ORCHARDS, WHICH SERVE AS GENE CONSERVATION AREAS AND ARE THE NATIONAL FORESTS’ MOST 

EFFICIENT SOURCE OF HIGH QUALITY TREE SEED. 

3D ASSESS SEED VIABILITY OF INDIVIDUAL SELECTED TREE LOTS IN STORAGE. The two national forests in eastern Washington 
have 16,381 single tree seedlots from selected trees in storage at the Dorena Genetic Resources Center. Many of 
these seedlots have been in storage for one or more decades and their viability is unknown. Viability testing is 
expensive and time-consuming so it is impractical to test every seedlot. Geneticists and silviculturists should jointly 
develop a prioritized list of seedlots for viability testing. Priority for testing should be based on several factors, 
including: (1) climate change vulnerability rank of the species, (2) initial (or subsequent) viability test results, (3) age 
of seed, and (4) amount of seed available. Top priority should be given to highly vulnerable species, seedlots with 
low initial viability, older seed, and lots with a large amount of seed available. 

 



A3-68    Appendix 3: Climate Change and Forest Trees in Eastern Washington 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

SUPPLEMENT A3S1: 
NATIONAL FOREST MANAGEMENT AREAS 
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Table A3S1-1. Management areas and management goals for the Colville National Forest (from 1988 Forest Plan) 
Management area Management prescription goal 

Old-growth-dependent 
species habitat 

Provide essential habitat for wildlife species that require old growth forest components, and 
contribute to the maintenance of diversity of wildlife habitats and plant communities. 

Caribou habitat Manage woodland caribou habitat to provide sufficient suitable seasonal habitat to support 
the Colville National Forest portion of a fully recovered population as specified in the 
Caribou Recovery Plan. 

Recreation Provide roaded and unroaded recreation opportunities in a natural appearing setting. 

Recreation/wildlife Provide semi-primitive, motorized and non-motorized recreation in roaded or non-roaded 
areas while meeting objectives of wildlife management. 

Downhill skiing 
 

Provide for quality winter recreation opportunities including downhill skiing, nordic skiing and 
other compatible uses. 

Research natural area Provide opportunities for research in ecosystems influenced only by natural processes.   

Scenic/timber Provide a natural appearing foreground, middle, and background along major scenic travel 
routes while providing wood products. 

Scenic/winter range Provide a natural appearing foreground, middle, and background along major scenic travel 
routes while providing for winter range management. 

Wood/forage Manage to achieve optimum production of timber products while protecting basic resources. 

Winter range Meet the habitat needs of deer and elk to sustain carrying capacity at 120 percent of the 
1980 level, while managing timber and other resources consistent with fish and wildlife 
management objectives. 

Wilderness management Feature naturalness, opportunities for solitude, challenge, and inspiration, and within these 
constraints to provide for recreational, scenic, scientific, education, and historical uses. 

Semi-primitive, motorized 
recreation  

Provide opportunities for dispersed, motorized recreation. 

Semi-primitive, non-
motorized recreation 

Manage these areas to protect the existing unroaded character and to provide opportunities 
for dispersed, non-motorized recreation. 
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Table A3S1-2. Management areas and management prescription goals for the Okanogan National Forest (from 1989 
Forest Plan) 

Management area 
prescription number Management prescription goal 

4 Provide semiprimitive non-motorized recreation opportunities during summer and fall seasons. 
Semiprimitive motorized recreation opportunities may be provided during the winter and spring 
seasons. 

4M Provide year-round semiprimitive motorized recreational opportunities. 

5 Provide opportunities for recreation and viewing scenery in a roaded natural setting with a visual 
quality objective of retention or partial retention. 

7 Preserve the high quality scenic setting within the North Cascades Scenic Highway, while 
providing recreational opportunities. 

8 Preservation of naturally occurring physical and biological units as Research Natural Areas (RNA) 
where natural conditions are maintained insofar as possible for the purpose of: 1) comparison 
with those lands altered by management for baseline monitoring; 2) education and research on 
plant and animal communities; and 3) preservation of gene pools for typical as well as threatened 
and endangered plants and animals. 

10 Optimize habitat condition and perpetuate a healthy mountain goat population. 

11 Manage bighorn sheep habitat to optimize habitat conditions and perpetuate a healthy population. 

12 Provide habitat to support a stable lynx population over the long term while accessing the area for 
the purpose of growing and producing merchantable wood fiber. 

14 Provide a diversity of wildlife habitat, including deer winter range, while growing and producing 
merchantable wood fiber. 

15A Maintain an extensive unmodified pristine environment within designated wilderness without 
system trails. 

15B Maintain a predominately unmodified primitive environment within designated wilderness with a 
variety of trail opportunities. 

17 Provide a variety of developed recreation opportunities in a roaded setting. 

18 Maintain lands where unusual plant communities or associations occur to provide opportunities 
for botanical research and education. 

24 Provide minerals exploration and development opportunities while retaining, to the extent 
possible, existing natural conditions. 

25 Intensively manage the timber and range resources using both even-aged and uneven-aged 
silvicultural practices. Manage to achieve a high present net value and a high level of timber and 
range outputs while protecting the basic productivity of the land and providing for the production 
of wildlife, recreation opportunities, and other resources. 

26 Manage deer winter range and fawning habitats to provide conditions which can sustain optimal 
numbers of deer indefinitely, without degrading habitat characteristics such as forage, cover, and 
soil. 
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Table A3S1-3. Management areas and management prescription goals for the Wenatchee National Forest (from 
1990 Forest Plan) 
Management area Management prescription goal 

Experimental forest Provide opportunities to study the effects of forest management and fire on vegetative, soil, 
and water resources occurring on the east side of the Cascade Mountains. Maintain the 
area in a form that will not compromise the opportunities for research. 

Key deer and elk habitat Manage deer and elk winter range to meet habitat requirements for sustaining optimum 
carrying capacity. 

Riparian-aquatic habitat 
protection zone 

Maintain and enhance riparian management areas to perpetuate their distinctive resource 
values to (a) achieve and maintain habitat conditions necessary to maximize long-term 
natural production opportunities for desired fish species, (b) maintain water quality that 
meets or exceeds State Standards and (c) provide diverse wildlife habitat. 

Key big game habitat, 
unroaded 

Manage deer, elk, and mountain goat winter range and key summer range to meet habitat 
requirements for sustaining optimum carrying capacity in an unroaded setting. 

General forest Provide for long-term growth and production of commercially valuable wood products at a 
high level of investment in silvicultural practices. 

Mather memorial parkway Manage area to maintain and enhance its outstanding scenic and recreation qualities. 

Old-growth management Manage for old growth habitat to achieve “ecosystem diversity, preservation of aesthetic 
qualities”, and/or “wildlife and plant habitat”. 

Mature habitat Manage for mature to old growth habitat for wildlife and plant species dependent upon this 
habitat. 

Developed recreation Provide developed recreation in an Urban to Semi-Primitive Recreation Opportunity 
Spectrum setting. 

Dispersed recreation, 
unroaded, motorized 

Provide dispersed, unroaded recreation in a semi-primitive motorized recreation opportunity 
setting. 

Dispersed recreation, 
unroaded, non-motorized 

Provide dispersed recreation in an unroaded, semi-primitive, non-motorized or primitive 
setting. 

Dispersed recreation, 
unroaded, timber harvest 

Provide for dispersed recreation, as well as long-term growth and production of 
commercially valuable wood products at a very low level of investment in timber cultural 
practices while maintaining the unroaded characteristics. 

Intensive range 
management 

Provide for maximum forage production and utilization by commercial livestock with a high 
level of investment in range cultural practices. 

Research natural areas Provide for; (1) Preservation of examples of all significant natural ecosystems for 
comparison with those influenced by man, (2) educational research areas for ecological and 
environmental studies, and (3) preservation of gene pools for typical and rare and 
endangered plants and animals. 

Classified special areas - 
scenic and/or recreation 

Manage Special Areas for recreation use, substantially in their natural conditions. 

Classified special area - 
other 

Manage areas of significant cultural, geological, botanical, zoological, paleontological, or 
other special characteristics so as to protect, preserve, and enhance their intrinsic values. 

Scenic travel - retention To retain or enhance the viewing and recreation experiences along scenic travel routes. 

Scenic travel - partial 
retention 

Provide a near natural appearing foreground and middleground along scenic travel 
corridors. 

Wilderness Preserve and protect the natural character for future generations, and provide opportunities 
for solitude, challenge, inspiration, and scientific study. 

Scenic river Preserve the scenic river characteristics of the river and surrounding area pending a 
decision on its legislative designation as part of the Wild and Scenic Rivers System. 

Recreational river Preserve the recreational river characteristics of the river and surrounding area pending a 
decision on Its legislative designation as part of the Wild and Scenic Rivers System. 

Wild river Preserve the wild river characteristics of the river and surrounding area pending a decision 
on its legislative designation as pan of the Wild and Scenic Rivers System. 
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Table A3S2-1. List of maps showing distributions of FIA plots that were used in the vulnerability 
assessment of group 1 tree species 

Scientific name Common name Symbol Page 
Abies amabilis Pacific silver fir ABAM A3-77 
Abies grandis  Grand fir ABGR A3-77 
Abies lasiocarpa Subalpine fir ABLA A3-77 
Abies procera Noble fir ABPR A3-77 
Acer macrophyllum Bigleaf maple ACMA3 A3-78 
Betula papyrifera Paper birch BEPA A3-78 
Cupressus nootkatensis Alaska yellow-cedar CUNO A3-79 
Larix lyallii Subalpine larch LALY A3-78 
Larix occidentalis Western larch LAOC A3-78 
Picea engelmannii Engelmann spruce PIEN A3-79 
Pinus albicaulis Whitebark pine PIAL A3-80 
Pinus contorta var. latifolia Lodgepole pine PICOL A3-80 
Pinus monticola Western white pine PIMO3 A3-80 
Pinus ponderosa Ponderosa pine PIPO A3-80 
Populus balsamifera ssp. trichocarpa Black cottonwood POBAT A3-79 
Populus tremuloides Quaking aspen POTR5 A3-79 
Pseudotsuga menziesii vars. menziesii 

and glauca 
Douglas-fir PSME A3-81 

Quercus garryana Oregon white oak QUGA4 A3-82 
Thuja plicata Western redcedar THPL A3-81 
Tsuga heterophylla Western hemlock TSHE A3-81 
Tsuga mertensiana Mountain hemlock TSME A3-81 

Note: additional information on species and nomenclature appears in table A3-3 of the report. 
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INTRODUCTION 
Climate change projections for the Pacific Northwest 
include year-round warming and potentially increased 
winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009). The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). However, there is a 
limited amount of information on climatic tolerance 
for many tree species and even less information on 
what complex interactions could result from 
ecosystem-wide exposure to a changing environment. 

 

OUR GOAL 
The goals of this analysis are to conduct a climate 
change vulnerability assessment of forest tree species 
and propose practical management actions that will 
work under a variety of future climate scenarios and 
can be implemented by the national forests in eastern 
Oregon in cooperation with other land managers. 

OBJECTIVES 
The specific objectives of this analysis are to: 

1. Assess the relative vulnerability of forest tree 
species to projected climate changes. 

2. Recommend actions that will improve 
understanding of changes taking place among 
tree species, maintain and increase 
biodiversity and increase resiliency, and 
prepare for an uncertain future. 

3. Collaborate in the implementation of these 
actions with other land managers in eastern 
Oregon. 

 

FORESTS OF EASTERN OREGON 
The study area is based on the three national forests of 
eastern Oregon (the Malheur, Umatilla, and Wallowa-
Whitman), including the portion of the Umatilla 
National Forest that is located in Washington (map at 
top of next page). The eastern Oregon study area 
includes a total of 8.6 million ac (3.5 million ha), 
encompassing the national forests and associated 
buffer areas. The Malheur National Forest includes 1.7 
million ac (0.7 million ha), the Umatilla National 
Forest includes 1.4 million ac (0.6 million ha), and the 
Wallowa-Whitman National Forest includes 2.4 
million ac (1.0 million ha). 

Vegetation management on eastern Oregon’s national 
forests is conducted to meet a wide variety of 
objectives designed to diversify and improve forest 
structure. During 2008 through 2010, an average of 
more than 10,000 ac (4,000 ha) per year were 
commercially thinned on these three forests, 
combined. Precommercial thinning averaged 
approximately 19,000 ac (7,700 ha) per year in the 
same period.  

On the Malheur, Umatilla, and Wallowa-Whitman 
National Forests, averages of 3,400, 4,200, and 300 ac 
(1,400, 1,700, and 120 ha) were planted annually 
during 2008 through 2010. On the Malheur National 
Forest, most seedlings planted were ponderosa pine, 

How can the national forests in 
eastern Oregon conserve 
biodiversity and increase 
resiliency given the predicted 
changes in temperature and 
precipitation? 
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with the remainder consisting of western larch and 
western white pine. On the Umatilla National Forest, 
the most commonly planted species included 
ponderosa pine, western larch, Douglas-fir, western 
white pine, and Engelmann spruce. On the Wallowa-
Whitman National Forest, planted seedlings included 
western larch, ponderosa pine, western white pine, and 
Douglas-fir. 

FOREST TREE SPECIES 
We organized the tree species of eastern Oregon into 
three groups (see box on next page). Group 1 consists 
of 12 overstory tree species that are common in major 
portions of eastern Oregon and are thus important 
components of the forest canopy and overall forest 
structure. These group 1 species are a major focus of 
this report because changes in their distribution or 
health could affect forest structure and habitat at a 
broad scale. Group 2 includes trees that are not 
significant components of the forest canopy owing to 
small size or to limited occurrence in eastern Oregon; 

these species may occur infrequently across broad 
areas or may be common within a limited habitat. 
Group 3 consists of trees that are rare in eastern 
Oregon or are represented by disjunct populations. 

We created distribution maps for all tree species of 
eastern Oregon to show documented occurrences using 
the latest available data (appendix 7; see example to 
left). 

Drawing on information from a variety of published 
sources, we compiled profiles of the eastern Oregon 
tree species (appendix 8). These profiles emphasize 
biological and ecological characteristics that were 
deemed relevant to the trees’ potential adaptation to 
predicted changes in climate. 
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FOREST TREE VULNERABILITY 
ASSESSMENT 

Methods 

A vulnerability assessment is a systematic process of 
identifying and quantifying the areas of vulnerability 
within a system (Glick and Stein 2010), or in this case, 
forest tree species. Our objectives for vulnerability 
assessment were to: (1) select a method that is 
straightforward to apply, transparent, flexible, and 
provides for easy application of sensitivity analysis; 
and (2) rank the tree species of group 1 according to 
their vulnerability to climate change impacts.  

After testing several methods, we chose the Forest 
Tree Genetic Risk Assessment System, which rates 
each species according to intrinsic attributes and 
external threats that can influence the species’ 
vulnerability to climate change (Potter and Crane 
2010). We ranked tree species for a number of 
characteristics organized into five risk factors: 
distribution, reproductive capacity, habitat affinity, 
adaptive genetic variation, and threats from insects and 
disease. Each risk factor contained multiple variables 
quantifying each tree species’ vulnerability to climate 
change. 

We calculated an overall climate change vulnerability 
score (0 to 100) for each species by averaging the five 
risk factors, which were weighted equally. A higher 
score indicates higher climate change vulnerability as 
measured by these risk factors. 

 

NATIVE TREE SPECIES OF EASTERN 
OREGON 

Group 1: Widespread forest canopy species 

Black cottonwood 
Douglas-fir 
Engelmann spruce 
Grand fir - white fir complex 
Lodgepole pine 
Mountain hemlock 
Ponderosa pine 
Quaking aspen 
Subalpine fir 
Western hemlock 
Western juniper 
Western larch 
Western redcedar 
Western white pine 
Whitebark pine 

Group 2: Less common or non-canopy species 

Bitter cherry 
Cascara 
Netleaf hackberry 
Pacific willow 
Pacific yew 
Paper birch 
Peachleaf willow 
Red alder 
Rocky Mountain maple 
Scouler’s willow 
Water birch 
White alder 

Group 3: Species rare in eastern Oregon 

Alaska yellow-cedar 
Limber pine 
Mountain hemlock 

Rocky Mountain juniper 
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Group 1 Tree Species 

Several trends were evident in the vulnerability scores: 

• The three species with the highest 
vulnerability scores (greater than 60), were all 
high-elevation species: whitebark pine, 
subalpine fir, and Engelmann spruce (see table 
to right). 

• The conifers characteristic of low-elevation, 
dry forests (ponderosa pine and western 
juniper) ranked lowest in overall vulnerability. 

• Many of the important commercial species 
including ponderosa pine, Douglas-fir, and 
western larch had vulnerability scores ranked 
in the lower half of species.  

• Vulnerability of tree species generally 
increased with mean elevation of occurrences. 
The four species with the highest overall 
vulnerability scores had mean elevations 
greater than 5,400 ft (1,650 m).  

• For most species, scores were quite variable 
across the five risk factors. Four species with 
the greatest variability were western white 
pine, western juniper, Douglas-fir, and the 
grand fir-white fir complex. 

Group 2 and Group 3 Tree Species 

Group 2 tree species were predominantly non-
commercial, and, relative to group 1 species, little 
biological information was available for many of 
them. Therefore, instead of a formal vulnerability 
assessment, we examined general habitat requirements 
and reproductive characteristics relevant to climate 
change vulnerability. Implications for these species 
under a changing climate include: 

• Most of the group 2 tree species occur on sites 
with extreme moisture regimes (i.e., flooding 
or drought) or as understory components of 
multiple forest types. Given conditions of 
increased summer moisture deficit, the group 
2 tree species that are highly drought-tolerant 
may become more competitive in areas 

presently dominated by less drought-tolerant 
tree species. 

• Many of the species are insect-pollinated and 
thus vulnerable to climate-induced changes in 
insect behavior. 

Group 3 consists of four tree species determined to be 
rare within the eastern Oregon study area: Alaska 
yellow-cedar, Rocky Mountain juniper, limber pine, 
and mountain hemlock. These four species are each 
represented in eastern Oregon by populations that are 
separated from the main parts of the species’ 
distributions. The report includes specific 
recommendations for conserving and restoring these 
species.

 

Results: Group 1 species (widespread forest 
canopy trees) of eastern Oregon, ranked by overall 
climate change vulnerability score; higher scores 
indicate greater vulnerability 

Tree species 
Overall vulnerability 

score 
Whitebark pine 74 

Subalpine fir 70 

Engelmann spruce 61 

Western white pine 57 

Grand fir - white fir complex 51 

Quaking aspen 45 

Lodgepole pine 43 

Douglas-fir 42 

Western larch 32 

Black cottonwood 32 

Western juniper 30 

Ponderosa pine 22 
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“The results of this vulnerability assessment suggest that 
high-elevation tree species are at risk under a changing 
climate and therefore should be a focus of conservation 
and monitoring.” 

 

 

RECOMMENDATIONS 
The recommendations developed during the course of this project fall into three categories: 

1. Learn about and track changes in plant communities as the climate changes. 
Collect baseline data where needed. Monitor the impacts of a warming climate on the 
distribution and health of forest tree species. Look for triggers, such as an increase in 
the frequency of large-scale disturbance, which will indicate a need to change our 
management approach. 

2. Maintain and increase biodiversity and increase resiliency. Focus on increasing 
stand diversity of native forest trees through thinning and planting. Increase disease 
resistance. Preserve genetic diversity, especially of isolated populations, and 
implement ex situ gene conservation where appropriate. 

3. Prepare for the future. Given uncertainty about how climate changes will unfold, a 
number of future scenarios are possible. Select activities that will work under a variety 
of scenarios including a potential increase in disturbances such as fires, wind storms, 
and floods, which could be followed by greater spread of invasive plant species. 
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ACTION ITEMS BASED ON THE RESULTS OF THE 
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

EASTERN OREGON 
 
1. Learn about and track changes in plant communities as the climate changes 

 Continue and expand the survey and mapping program for whitebark pine, with 
participation by all land management agencies with whitebark pine habitat in 
Oregon. 
Readily accessible data on whitebark pine’s present distribution are essential for 
monitoring and managing the species under climate change and pathogen threats.  

 Continue and expand health and condition surveys and a mapping program for 
quaking aspen. Reach out to collaborators and interested stakeholders to 
develop partnerships in this effort. 

 Develop a conservation and monitoring plan for Alaska yellow-cedar, which is 
limited to a single population in the Cedar Grove Botanic Area on the Malheur 
National Forest, and limber pine, which is found on at least three sites on the 
Wallowa-Whitman National Forest. 

 Establish permanents plots in the Eagle Cap Wilderness on the Wallowa-
Whitman National Forest to record and evaluate the impacts of climate change 
both on high-elevation species and on species with limited distributions. 
The higher vulnerability tree species of eastern Oregon—whitebark pine, subalpine fir, 
Engelmann spruce, and western white pine—all had mean elevations greater than 
5,400 ft. Three of the four rare species, limber pine, Rocky Mountain juniper, and 
mountain hemlock, are limited to the area in and around the Eagle Cap Wilderness.   

 Monitor vegetative and reproductive phenology for one or more of the species 
established in seed orchards in eastern Oregon: ponderosa pine, Douglas-fir, 
and western larch. 
Timing of phenology is closely linked to climate, and collecting data on annual 
phenology and microclimate will allow us to determine how trees are responding to 
annual climate variation. 

 
 
Note: full details of each action item appear in table A4-24 of this appendix; unless noted otherwise, 
action items apply to all national forests. 
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ACTION ITEMS BASED ON THE RESULTS OF THE 
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

EASTERN OREGON 
2. Maintain and enhance biodiversity and increase resiliency 

 Continue the national forests’ thinning programs. 
These programs achieve: (1) promotion of greater biodiversity by increasing the 
proportion of less abundant conifer and hardwood tree species, (2) the development 
of understory vegetation, (3) enhancement of the habitat value provided by forest 
stands, and (4) increased stand resistance and resiliency to disturbance and 
environmental stressors. 

 Continue to include a variety of tree species in planting prescriptions, with an 
emphasis on under-represented tree species. 

 Expand gene conservation collections. 
Seed from rare species and disjunct populations should be collected for long-term ex 
situ gene conservation. These efforts are already underway for whitebark pine, but to 
date no collections have been made for other species.  

 Establish a seed orchard for the production of rust resistant western white pine 
seed.   
Although trees have been tested for resistance, seed is still being collected from 
tested parent trees in forest stands. A seed orchard would provide the highest level of 
rust resistance, be the most efficient means of producing seed, and act as an ex situ 
gene conservation area. 

3. Prepare for the future 

 Form partnerships with other land managers in eastern Oregon to create a 
virtual cooperative tree seed bank. 

  This would increase the likelihood that appropriate seed will be available for 
reforestation after large-scale disturbances such as fire or insect outbreaks.  

 Maintain an inventory of high-quality seed for tree species that are likely to be 
needed over the next 20 years.  

 Place a priority on species that can be planted after disturbance. 

 Maintain forest tree seed orchards. Establish additional seed orchards, seed 
collection stands, or seed production areas for species and elevations likely to 
be needed in the future. 
Seed orchards serve as gene conservation areas and are the national forests’ most 
efficient source of high quality tree seed. 

 Assess seed viability of individual selected-tree seed lots in storage. 
 The three national forests in eastern Oregon have 15,098 single-tree seedlots from 

selected trees in storage at the Dorena Genetic Resources Center. Many of these 
seedlots have been in storage for one or more decades and their viability is unknown. 
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ASSESSING CLIMATE CHANGE 
EFFECTS ON PACIFIC 
NORTHWEST VEGETATION 
Anthropogenic climate change is a great challenge to 
sustainable management of forests and grasslands 
because the rate of climatic change will likely exceed 
some species’ capability to adapt, which in turn will 
alter plant communities and ecosystems. Climate 
change projections for the Pacific Northwest show 
year-round warming, and some models indicate 
increased winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009).  The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). The effects of long-
term climate changes on the composition and structure 
of eastern Oregon’s plant communities are difficult to 
predict. There is a limited amount of information on 
the climatic tolerances of many species and even less 
information on what complex interactions could result 
from ecosystem-wide exposure to a changing 
environment. 

In 2008, a study was initiated to determine how best to 
adapt federal land management on the Olympic 
Peninsula, Washington, to enhance the resiliency of 
federal lands to the effects of climate change 
(Halofsky et al. 2011). The Olympic Climate Change 
Case Study—a partnership of the U.S. Department of 
Agriculture (USDA), Forest 
Service, Pacific Northwest 
Research Station and Olympic 
National Forest, with the U.S. 
Department of Interior (USDI), 
National Park Service, Olympic 
National Park—examined 
hydrological processes and 
management of vegetation, fish 
and wildlife habitat, and roads to 

determine strategies and actions for adaptation to 
climate change. The adaptation strategies for 
managing vegetation under climate change included 
gene conservation, disease resistance, increasing 
biodiversity through planting and thinning, and 
increasing preparedness for large disturbances 
including potential increases in invasive species. 

Following the Olympic Climate Change Case Study, 
the present effort was launched to address the 
projected effects of climate change on vegetation, 
specifically forest trees and vulnerable non-forested 
habitats. In the first phase of this project, the area of 
analysis was western Washington state, with an 
emphasis on the Olympic, Mt. Baker-Snoqualmie, and 
Gifford-Pinchot National Forests (Aubry et al. 2011). 
Subsequent phases of the project include all forested 
areas of Washington and Oregon (Forest Service 
Pacific Northwest Region), divided into a total of six 
subregional study areas (table A4-1; fig. A4-1). These 
six study areas were delineated so that each phase of 
the analysis could focus on the species and 
management issues unique to each area. The eastern 
Oregon study area includes the Malheur, Umatilla, and 
Wallowa-Whitman National Forests (fig. A4-2). In 
this report, we assess the vulnerabilities of the forest 
trees within the study area; vulnerabilities of non-
forested habitats will be addressed separately in a 
subsequent report.  

This work focuses on two central questions: (1) how 
may climate change affect forest tree species? and (2) 
what are the management implications of these 
potential impacts? Biodiversity is often viewed from a 
global perspective (Wilson 1988), but in this analysis 

Table A4-1. Phases of the Climate Change and Forest Trees project 

Phase National forests 
Western Washington Gifford Pinchot, Mt. Baker-Snoqualmie, Olympic 

Northwestern Oregon Mt. Hood, Siuslaw, Willamette 

Eastern Washington Colville, Okanogan-Wenatchee 

Eastern Oregon Malheur, Umatilla, Wallowa-Whitman 

Central Oregon Deschutes, Fremont-Winema, Ochoco 

Southwestern Oregon Rogue River-Siskiyou, Umpqua 
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biodiversity is defined as the “genetic variation within 
species, the variety of species in an area, and the 
variety of habitat types within a landscape” (Duffy and 
Lloyd 2010). As components of biodiversity, 
individual species, habitats, and ecosystems can be 
conservation targets for vulnerability assessments 
(Glick and Stein 2010). It is critical to address the 
effects of a changing climate at the level of individual 
plant species because species respond differently to 

climate, with potential shifts 
in distribution resulting in 
novel species associations 
(Lovejoy and Hannah 2005, 
Williams et al. 2007). This 
analysis includes a 
vulnerability assessment 
conducted at the level of 
individual tree species. The 
purpose of the vulnerability 
assessment was to identify 
tree species that are most 
vulnerable to the projected 
changes in climate and thus 
assist managers in more 
efficiently allocating limited 
resources. 

The target audience for this 
report is vegetation managers 
on eastern Oregon’s national 
forests; the management 
options presented are based 
on the tools available to 
managers of National Forest 
System lands. However, this 
report also will provide 
useful information for other 
land managers in the Pacific 
Northwest who manage, 
restore, and conserve forests 
and woodlands under a 
changing climate. Land 
managers in other parts of the 
country will find that the 

methods used here can be applied to their plant 
communities using local information. Researchers will 
find signposts to the many questions yet to be 
answered concerning the impacts of climate change on 
forests and terrestrial habitats. 

  

 

Figure A4-1. Boundaries of the six study areas 
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Figure A4-2. Major land ownerships of eastern Oregon 
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THE STUDY AREA: EASTERN 
OREGON 
The study area is based on the three national forests of 
eastern Oregon (the Malheur, the Umatilla, and the 
Wallowa-Whitman) and includes the portion of the 
Umatilla National Forest that is located in Washington 
(fig. A4-2). The study area boundaries follow the 
national forest boundaries, and include a 3-mi-wide (5-
km) buffer. We used this buffer so that the study area 
would include the forested land immediately outside of 
the national forest boundaries. Examination of tree 
distribution data showed that, without a buffer, we 
would exclude portions of the populations of many 
tree species. The eastern edge of the study area follows 
the Oregon-Idaho state line and does not include the 
Hells Canyon National Recreation Area in Idaho. 

The eastern Oregon study area includes a total of 8.6 
million ac (3.5 million ha), encompassing the national 
forests and the associated buffer areas. The Malheur 
National Forest includes 1.7 million ac (0.7 million 
ha), the Umatilla National Forest includes 1.4 million 
ac (0.6 million ha), and the Wallowa-Whitman 
National Forest includes 2.4 million ac (1.0 million 
ha). Approximately 5, 23, and 24 percent, respectively, 
of the Malheur, Umatilla, and Wallowa-Whitman 
National Forests are designated wilderness. 

Vegetation in eastern Oregon is strongly influenced by 
regional topography and associated patterns in 
precipitation that are influenced by both maritime and 
continental climate patterns. The rain shadow effect of 
the Cascade Range creates an overall climate that is 
much closer to continental than maritime. An 
exception to this pattern occurs in the northern Blue 
Mountains region where clouds that travel up the 
Columbia River Gorge provide moisture and thus have 
a significant effect on vegetation. The low elevation of 
the Gorge allows winter storms to retain much of their 
moisture until they reach their first major topographic 
obstacle – the northern Blue Mountains (Mock 1996). 

Potential vegetation classification facilitates 
delineation of relatively homogeneous units of 

biophysical environment; each biophysical 
environment can be characterized by a potential 
floristic composition. The temperature and moisture 
regimes of eastern Oregon vary somewhat predictably 
with changes in elevation, aspect, and slope exposure 
(Kelly et al. 2005). This variation across biophysical 
settings is consistent with our current understanding of 
the environmental tolerances of the dominant plant 
species (McCook 1994, Powell 2000). In its simplest 
form, a mid-scale environmental gradient can be 
defined by two characteristics integrating 
environmental factors: temperature and moisture. This 
classification framework relies on the premise that 
physiognomically dominant species, such as those 
used to define a hierarchical unit called the series (or 
potential natural vegetation zone), indicate a 
temperature gradient and that subordinate species, 
such as shrubs and herbs, indicate a moisture gradient.  

More than 500 fine-scale potential vegetation types 
(e.g., plant associations, plant community types, plant 
communities) have been described in potential 
vegetation classifications for the Blue Mountains (e.g., 
Crowe and Clausnitzer 1997, Johnson 2004, Johnson 
and Clausnitzer 1992, Johnson and Simon 1987, 
Johnson and Swanson 2005, Swanson et al. 2010, 
Wells 2006). Because this amount of fine-scale detail 
is incompatible with mid-scale processes such as 
ecosystem analysis and landscape-level project 
planning, the potential vegetation types were 
aggregated into mid-scale hierarchical units by using a 
4-by-4 temperature-moisture matrix for four upland 
physiognomic classes (forest, woodland, shrub, herb), 
and a 4-by-3 temperature-soil moisture matrix for 
three riparian physiognomic classes (forest, shrub, 
herb). Two of the mid-scale hierarchical units – plant 
association groups and potential vegetation groups – 
are used extensively when characterizing vegetation 
conditions for project planning or ecosystem analysis 
purposes (Powell et al. 2007). 

The potential natural vegetation zones (Henderson 
2009) for the eastern Oregon study area are shown in 
figures A4-3 through A4-5. The western juniper 
climax zone (Franklin and Dyrness 1973), which  
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Figure A4-3. Potential natural vegetation (PNV) zones of 
the Malheur National Forest area, eastern Oregon 
(Henderson 2009) 
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Figure A4-4. Potential natural vegetation (PNV) zones of the Umatilla 
National Forest area, eastern Oregon and Washington (Henderson 2009) 
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Figure A4-5. Potential natural vegetation (PNV) zones 
of the Wallowa-Whitman National Forest area, eastern 
Oregon (Henderson 2009) 
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occupies the most xeric and lowest-elevation forested 
areas in the region, between the shrub-steppe and the 
slightly moister ponderosa pine zones. Western juniper 
is the dominant pioneer and climax tree species in the 
western juniper zone. Occurring at elevations above 
the western juniper zone, the ponderosa pine climax 
zone is extensive in eastern Oregon. Here, ponderosa 
pine is the predominant climax species, although 
occasionally small amounts of western juniper, 
Douglas-fir, western larch, grand fir, and western 
white pine are found in these stands. Above the 
ponderosa pine zone on slightly moister sites, the 
Douglas-fir climax zone occurs, although its extent is 
limited in eastern Oregon. Seral species in the 
Douglas-fir zone include ponderosa pine, lodgepole 
pine, and western larch. 

The grand fir climax zone occurs above the Douglas-
fir zone, or where the Douglas-fir zone is absent above 
the ponderosa pine zone. In the grand fir zone, grand 
fir is the dominant climax species and Douglas-fir may 
occur as a minor climax species. Major seral species 
are lodgepole pine, western larch, and Douglas-fir. 
Minor seral species include Engelmann spruce, 
western white pine, and ponderosa pine. The subalpine 
fir climax zone represents the highest-elevation—and 
thus the coolest and moistest—forested zone. It 
typically occurs above the grand fir zone. The 
dominant species include subalpine fir, Engelmann 
spruce, and lodgepole pine; the major seral species is 
lodgepole pine. In some locations mountain hemlock 
and whitebark pine also occur. 

The present vegetation of the eastern Oregon study 
area has been substantially influenced by fire. In 
general, warmer, drier, low-elevation forests  had 
lower-severity fire regimes, with frequency 
determined by rate of fuel production (Agee 1993, 
1994). The moister forests, characterized by presence 
of Douglas-fir and grand fir, have a moderate severity 
fire regime, with longer fire-return intervals. In the 
higher elevation forests, where moisture is greater, 
fires are infrequent, intense, and often stand-replacing 
(Agee 1994). The area burned by wildfire each year is 
correlated with summer water deficit, which is 

projected to increase significantly during this century 
in the interior Pacific Northwest (Littell et al. 2009, 
2010). Recent studies have projected significant 
increases (50 to 78 percent) in annual area burned by 
the middle of the 21st century (Spracklen et al. 2009, 
Littell et al. 2010), although in forested ecosystems of 
eastern Washington, for example, annual area burned 
was not projected to increase until after the 2020s 
(Littell et al. 2010).  

MANAGEMENT OF THE 
NATIONAL FORESTS 
Management of each of the national forests in the 
study area is guided by a forest plan; the current forest 
plans for these national forests were approved in 1990. 
The plans have been amended numerous times in 
response to changing issues and resource conditions. 
At present (2012), a significant effort is underway to 
create a revised land and resource management plan 
covering all three national forests. This revised plan 
will provide strategic guidance for management of 
these national forests for a period of 10 to 15 years 
after it is signed (USDA Forest Service 2011a). The 
draft environmental impact statement will be 
completed in 2012 and the final environmental impact 
statements will be released in 2013. 

Vegetation Management 

Vegetation management on eastern Oregon’s national 
forests is conducted to meet a wide variety of 
objectives designed to diversify and improve forest 
structure. Commercial and precommercial thinning 
may be applied to improve forest health where insect 
and disease threats are present, to manage fuels in 
areas prone to wildfire, to maintain and restore 
ecological resiliency, to improve wildlife habitat, and 
to increase stand productivity. During 2008 through 
2010, annual averages of approximately 4,500, 2,300, 
and 3,300 ac (1,800, 900, and 1,300 ha) were 
commercially thinned on the Malheur, Umatilla, and 
Wallowa-Whitman National Forests, respectively. On 
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the same forests, precommercial thinning averaged 
9,100, 2,300, and 7,600 ac (3,700, 900, and 3,100 ha) 
annually during this period. It should be noted that 
these values for precommercial thinning do not reflect 
fuels treatments, although they do include an increase 
in acres treated in 2010 as a result of stimulus funding. 

On the Malheur, Umatilla, and Wallowa-Whitman 
National Forests, averages of 3,400, 4,200, and 300 ac 
(1,400, 1,700, and 120 ha) were planted annually from 
2008 through 2010. On these forests, post-fire 
reforestation is the primary driver for planting. On the 
Malheur National Forest, 94 percent of the acreage 
planted was ponderosa pine, with the remainder 
consisting of western larch (4 percent) and western 
white pine (2 percent). On the Umatilla National 
Forest, the most commonly planted species included 
ponderosa pine (36 percent), western larch (25 
percent), Douglas-fir (21 percent), western white pine 
(9 percent), and Engelmann spruce (6 percent). On the 
Wallowa-Whitman National Forest, planted seedlings 
included western larch (51 percent), ponderosa pine 
(29 percent ), western white pine (8 percent), and 
Douglas-fir (7 percent). Most non-fire regeneration 
requirements on the Wallowa-Whitman are met 
through natural regeneration; this is reflected in the 
comparatively small number of acres planted. 

GOALS, ASSESSMENT 
TARGETS, AND OBJECTIVES 
The goal of this analysis is to conduct an assessment 
of the vulnerability of individual forest tree species to 
climate change. An understanding of which tree 
species are most vulnerable will assist managers in 
efficiently allocating limited resources to the 
management of these species. Forest trees are the first 
priority for analysis of climate change impacts on 
individual plant species because trees provide stand 
structure and dictate the composition of plant 
communities in the forests of the Pacific Northwest. 
Many tree species also have high economic or cultural 
value. Because trees are long-lived and have long 
generational intervals, tree species may be slower to 

adapt and migrate and thus may be more at risk to 
changes in climate than forb or grass species (Aitken 
et al. 2008). Grasses, forbs, and shrubs that are at risk 
because of habitat loss or other factors (though not 
specifically because of projected climate change) are 
protected, monitored, and often restored under the 
Endangered Species Act and the Interagency Special 
Status/Sensitive Species Program (ISSSSP) 
(USDA/USDI 2011). 

Whitebark pine is the only tree species in eastern 
Oregon that has been considered for federal protection. 
In July 2011, the USDI Fish and Wildlife Service 
announced a 12-month finding on the petition to list 
whitebark pine as threatened or endangered (USDI 
FWS 2011). The Fish and Wildlife Service found that 
listing whitebark pine as threatened or endangered was 
warranted but that listing as such was “precluded by 
higher priority actions to amend the Lists of 
Endangered and Threatened Wildlife and Plants” 
(USDI FWS 2011). Therefore, the species was added 
to the candidate list, and the Fish and Wildlife Service 
is developing a proposed rule to list whitebark pine 
when “priorities and funding will allow” (USDI FWS 
2011). The proposed listing rule will include any 
determination on critical habitat. 

Objectives 

The specific objectives of this project are to: 

• Assess the relative vulnerability of forest tree 
species to projected climate changes. 

• Recommend actions that will: 
o improve understanding of changes 

taking place among tree species,  
o maintain and increase forest 

biodiversity and increase resiliency, 
and 

o prepare for an uncertain future. 

• Collaborate in the implementation of these 
actions with the Bureau of Land Management 
and other land management agencies of 
eastern Oregon.  
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THE TREE SPECIES OF  
EASTERN OREGON 
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INTRODUCTION 
This report focuses on the tree species that are native 
to eastern Oregon. Here, we define trees as woody 
perennials capable of producing a single stem with 
apical dominance and reaching at least 20 ft (6 m) in 
height. Of the 28 native tree species occurring in 
eastern Oregon (table A4-2), 15 are coniferous and 13 
are broadleaf species. The Pinus (pine) genus contains 
the greatest number of species (5). All eastern Oregon 
conifers are evergreen except for western larch, which 
is deciduous. All of the broadleaf tree species are 
deciduous. 

GROUPING OF SPECIES 
To facilitate our vulnerability assessment, we divided 
the tree species of eastern Oregon into three groups 
(table A4-2). Group 1 consists of 12 overstory tree 
species that are significant components of forest or 
woodland canopies in eastern Oregon. The group 1 
species are a major focus of this report because 
changes in their distribution or health could have a 
major effect on forest structure and habitat. This group 
includes species that are widespread across the area 
(e.g., Douglas-fir and lodgepole pine) and species that 
are common within more limited zones (e.g., 
whitebark pine and western juniper). 

Group 2 includes 12 tree species that are not 
significant components of the forest canopy, owing to 
small size (e.g., cascara, Rocky Mountain maple) or 
because they typically occur as scattered individuals or 
components of the mid-story rather than the forest 
canopy. Group 3 includes 4 species that are already 
known to be rare in eastern Oregon and are therefore 
considered to have an elevated vulnerability to climate 
change. 

We subjected the three groups to different types of 
climate change vulnerability assessments. For all of 
the group 1 species, sufficient biological information 
was available to perform a detailed vulnerability 
assessment based on numerous quantifiable 
characteristics (e.g., drought tolerance, distance of 

seed dispersal, and adaptive genetic variation). In 
contrast, many of the group 2 species are not 
commercially important and have not been well-
studied (although there are some exceptions). As a 
result, insufficient data were available to conduct the 
type of vulnerability assessment that was performed on 
the group 1 species. Instead, we summarized and 
discussed the characteristics of group 2 tree species 
that we deemed likely to influence climate change 
vulnerability. The group 3 species were not subjected 
to the assessment and ranking that the group 1 species 
were subjected to because these species are already 
known to warrant a high level of attention in terms of 
monitoring and/or management. Instead, we looked for 
specific, potential climate change vulnerabilities for 
each of these group 3 species. 

TREE SPECIES DISTRIBUTIONS 
To assess the climate change vulnerability of regional 
tree species, we needed detailed information on the 
distribution of each species. Previously published 
range maps are available for most tree species in the 
region (e.g., Little 1971, 1976); although these maps 
are very useful for evaluating species distributions at a 
broad scale, we desired a greater degree of precision 
because our assessment is focused on smaller areas. A 
variety of computer models have been used to predict 
tree species distributions, both at present and under 
future climate scenarios (e.g., Crookston 2010, 
Hargrove and Hoffman 2005). However, these models 
did not fit our objectives for mapping because they 
predict species distributions based on projections of 
suitable habitat rather than on present occurrences. 
Therefore, we created distribution maps for the tree 
species of eastern Oregon by using documented 
occurrences of each species (appendix 7). 

Species occurrence data were acquired from a variety 
of sources; the major sources used in this analysis are 
listed in table A4-3. Three of these sources were from 
the U.S. Forest Service: the Forest Inventory and 
Analysis (FIA) Program (USDA Forest Service  



Appendix 4: Climate Change and Forest Trees in Eastern Oregon  A4-25 

  

Table A4-2. Native tree species of eastern Oregon1 

Scientific name Common name Symbol Group2 Division Type 
Abies grandis - A. 

concolor3 
Grand fir - white fir 

complex 
ABGR/ 
ABCO 1 Conifer Evergreen 

Abies lasiocarpa Subalpine fir ABLA 1 Conifer Evergreen 

Juniperus occidentalis Western juniper JUOC 1 Conifer Evergreen 

Larix occidentalis Western larch LAOC 1 Conifer Deciduous 

Picea engelmannii Engelmann spruce PIEN 1 Conifer Evergreen 

Pinus albicaulis Whitebark pine PIAL 1 Conifer Evergreen 

Pinus contorta var. latifolia Lodgepole pine PICOL 1 Conifer Evergreen 

Pinus monticola Western white pine PIMO3 1 Conifer Evergreen 

Pinus ponderosa Ponderosa pine PIPO 1 Conifer Evergreen 

Populus balsamifera ssp. 
trichocarpa 

Black cottonwood POBAT 1 Broadleaf Deciduous 

Populus tremuloides Quaking aspen POTR5 1 Broadleaf Deciduous 

Pseudotsuga menziesii 
var. glauca4 Douglas-fir PSME 1 Conifer Evergreen 

Acer glabrum Rocky Mountain maple ACGL 2 Broadleaf Deciduous 

Alnus rhombifolia White alder ALRH2 2 Broadleaf Deciduous 

Alnus rubra Red alder ALRU2 2 Broadleaf Deciduous 

Betula occidentalis Water birch BEOC2 2 Broadleaf Deciduous 

Betula papyrifera Paper birch BEPA 2 Broadleaf Deciduous 
Celtis laevigata var. 

reticulata Netleaf hackberry CELAR 2 Broadleaf Deciduous 

Frangula purshiana  Cascara FRPU7 2 Broadleaf Deciduous 

Prunus emarginata Bitter cherry PREM 2 Broadleaf Deciduous 

Salix amygdaloides Peachleaf willow SAAM2 2 Broadleaf Deciduous 

Salix lucida ssp. lasiandra Pacific willow SALUL 2 Broadleaf Deciduous 

Salix scouleriana Scouler’s willow SASC 2 Broadleaf Deciduous 

Taxus brevifolia Pacific yew TABR2 2 Conifer Evergreen 

Cupressus nootkatensis Alaska yellow-cedar CUNO 3 Conifer Evergreen 

Juniperus scopulorum Rocky Mountain juniper JUSC2 3 Conifer Evergreen 

Pinus flexilis Limber pine PIFL2 3 Conifer Evergreen 

Tsuga mertensiana Mountain hemlock TSME 3 Conifer Evergreen 
1 Nomenclature follows the U.S. Department of Agriculture Plants Database (USDA NRCS 2010); in cases where multiple common 
names exist, regionally favored names are used here. 
2 Group 1 = overstory trees with widespread distribution in the study area; Group 2 = trees that are not major overstory components 
owing to limited frequency or small size; Group 3 = trees that are rare within the study area. 
3 Grand fir and white fir co-occur and hybridize in the study area. The map data sources do not differentiate these species and their 
hybrid consistently; thus, we combined the species for the purpose of this analysis. 
4 In this report, Pseudotsuga menziesii var. glauca is simply referred to as Douglas-fir (PSME) rather than Rocky Mountain Douglas-
fir. 
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2010b), the Current 
Vegetation Survey 
(CVS) (USDA Forest 
Service 2008), and the 
Forest Service Pacific 
Northwest Region 
Ecology Program Core 
Dataset (USDA Forest 
Service 2010a). 
Additional data were 
acquired from the 
Oregon Flora Project 
and, to a lesser extent, 
from the University of 
Washington Burke 
Museum herbarium 
(Oregon Flora Project 
2011, University of Washington 2011), which 
document the geographic locations where herbarium 
specimens were collected or where species were 
observed. Maps of all plot locations represented in the 
three Forest Service data sources are shown in 
appendix 7, as is a map of all Oregon Flora Project and 
University of Washington sample locations for the 
species in this project. Because data collection 
protocols differed among these five primary data 
sources, data were not available from all sources for 
every tree species. Because of these different 
protocols, several factors must be considered when 
interpreting the maps: 

• Plot density—Plot density varied by 
inventory; therefore, the density of points on a 
map does not necessarily correspond to the 
density at which a tree species occurs. For 
example, if the range of a species 
encompasses a national forest and adjacent 
privately owned land, the density of mapped 
points may be much higher on the national 
forest because the forest includes CVS and 
Ecology Program plots, which do not occur on 
private land. Thus, the higher density of 
mapped occurrences on the national forest 
results from the additional sampling locations 

and does not represent a true difference in the 
frequency of the species’ occurrence. 

• Plot size—For data sources that are based on 
inventory plots, density of mapped species 
occurrences is affected by plot size, which 
varies among inventories. An inventory that 
uses larger plots is likely to sample a given 
species more frequently on its plots compared 
to an inventory that uses smaller plots. 

• Inventory design—The density of mapped 
species occurrences is influenced by inventory 
design. An inventory of regularly spaced plots 
on a grid (e.g., FIA) is much less likely to 
sample a rare species than an inventory with 
an objective of locating and sampling that 
species (e.g, University of Washington 
herbarium collections). 

Owing to influences of these factors, mapped species 
occurrences should be interpreted as representing the 
extent of a species’ distribution, rather than 
representing its density within that distribution. 

TREE SPECIES PROFILES 
Drawing on information from a variety of published 
sources, we compiled profiles of all eastern Oregon 
tree species (appendix 8). These profiles emphasize 

Table A4-3. Major data sources used to create tree species distribution maps for 
eastern Oregon 

Dataset Source Coverage Inventory design 
Forest Inventory and 
Analysis (FIA) 

U.S. Forest Service, 
Pacific Northwest 
Region 

All public and private 
lands1 

Regularly spaced 
plots 

Current Vegetation 
Survey (CVS) 

U.S. Forest Service, 
Pacific Northwest 
Region 

National forests Regularly spaced 
plots 

USFS Region 6 
Ecology Program 

U.S. Forest Service, 
Pacific Northwest 
Region 

National forests Plots located 
according to plant 
community type 

Oregon Flora Project Department of 
Botany and Plant 
Pathology, Oregon 
State University 

Public and private 
land in Oregon 

Species collections 
by many individuals 
with various 
objectives 

1 A small amount of random error was intentionally added to the FIA plot locations to protect the identity 
of landowners. 
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characteristics that we deemed relevant to the trees’ 
potential adaptation to climate change. The profiles 
focus on ecological and reproductive characteristics, 
genetic aspects, and threats and management 
considerations relevant to each tree species. The 
ecological description contains information on 
distribution, habitat, and ecological amplitude; this 
information may assist in projecting a species’ 
potential response to climate-induced changes in its 
habitat. Reproductive characteristics such as seed 
production, reproductive age, and seed dispersal 
distance affect the rate at which a species evolves and 
migrates. The information on threats and management 
considerations addresses a species’ response to insects, 
diseases, and wildfire, which may be exacerbated by 
climate change. 

The amount of published information available for 
each tree species varies significantly, with much more 
information available for the commercially important 
species. As a result, the level of detail contained in 
these tree profiles varies by species.  
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VULNERABILITY ASSESSMENT OF            
EASTERN OREGON TREE SPECIES 
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INTRODUCTION 
There are numerous ways in which climate influences 
the growth, survival, and reproduction of tree species. 
If these climate influences are well-understood, they 
can be used to project a tree species’ potential 
response to various climate scenarios. For the tree 
species of eastern Oregon, this process of evaluating 
potential climate effects was accomplished through a 
vulnerability assessment—a systematic process of 
identifying and quantifying areas of vulnerability 
within a system (Glick and Stein 2010). The 
assessment was undertaken to identify: (1) 
characteristics of individual forest tree species that 
could influence their response to long-term changes in 
climate, and (2) relative levels of vulnerability to 
climate change among the tree species of eastern 
Oregon. We view this analysis as a tool for prioritizing 
tree species to help managers more efficiently allocate 
limited resources to the most vulnerable species. This 
assessment is based on well-documented life history 
traits and thus is designed to provide a biological basis 
to assist decision-making. In our previous analysis of 
the climate change vulnerability of western 
Washington tree species (Aubry et al. 2011), we 
concluded that a vulnerability assessment approach 
was useful for detecting probable underlying causes of 
climate change vulnerability and for prioritizing 
management responses. We selected the Forest Tree 
Genetic Risk Assessment System (GRAS) (Potter and 
Crane 2010) to assess climate change vulnerability of 
group 1 tree species because the system is well-suited 
to our regional needs and data availability (Aubry et 
al. 2011). As stated above, we did not apply the Forest 
Tree GRAS to group 2 or 3 tree species, which are 
discussed in the subsequent sections. 

The Forest Tree GRAS is a model developed to 
evaluate and rank the vulnerability of individual tree 
species within a region of interest, given anticipated 
effects of long-term climate change. It is designed to 
assist managers in focusing limited resources on the 
most vulnerable species, thus increasing the efficacy 
of conservation activities. Given projected changes in 

climate, conservation of species’ existing adaptedness, 
specifically variation in adaptive traits, is key to long-
term viability. However, because this detailed level of 
genetic information does not currently exist for many 
tree species, the Forest Tree GRAS uses documented 
ecological and life-history traits to assess the 
vulnerability of individual tree species to climate 
change and related threats (Myking 2002, Potter and 
Crane 2010).  

The Forest Tree GRAS rates each species according to 
factors deemed likely to influence its overall 
susceptibility to loss of genetic variation and adaptive 
capacity under projected changes in climate (Potter 
and Crane 2010). The model is composed of multiple 
risk factors, each containing a set of variables used to 
rate a species’ climate change vulnerability according 
to intrinsic attributes or external threats. Examples of 
intrinsic attributes include a species’ fecundity, 
mechanism of seed dispersal, and drought tolerance; 
examples of external threats include insects and 
diseases. Table A4-4 summarizes the five risk factors 
used in our analysis, the variables we chose for each 
risk factor, and the rating system for each variable. 

Disturbance associated with climate change, including 
major droughts, insects and diseases, and wildfire, 
may have an increasing influence on many tree species 
in the future. In this vulnerability analysis we chose to 
use only risk factors based on attributes and threats 
that were already documented, as opposed to predicted 
future conditions, which would introduce an added 
level of uncertainty. Thus, we included drought 
tolerance and documented insect and disease threats in 
our risk factors but did not include predictions of 
future wildfire frequency or fuel accumulation. These 
would have required spatially explicit modeling 
outside the scope of the current project. Similarly, we 
chose not to include future habitat shifts predicted by 
climate envelope models (Aubry et al. 2011). 
Quantification of future wildfire risk for a 
vulnerability assessment such as this would require:  

• Assumptions regarding the frequency and 
intensity of wildfire (and the extent of wildfire 
suppression) across the range of habitats that  
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Table A4-4. The five risk factors and descriptions and rating systems for variables within each factor for the Forest 
Tree GRAS (continues) 

Risk factor Variable Description Rating system1 

Distribution 
 

Frequency of 
occurrence 

Percentage of FIA plots on 
which a given species is present 

Highest frequency = 0; lowest frequency 
= 100; all other species scored 
proportionally according to frequency of 
occurrence 

 Proportion of canopy 
trees  

Mean proportion of all canopy 
trees (dominant, co-dominant, 
and open-grown crown classes) 
represented by a given species 
on all FIA plots where that 
species is present 

Highest mean proportion = 0; lowest 
mean proportion = 100; all other species 
scored proportionally 

 Distribution within 
eastern Oregon 

Qualitative assessment, scored 
by examining distribution maps2 

Wide = 0 
Moderate = 25 
Narrow = 50 
Very narrow = 75 
Rare = 100 

Reproductive 
capacity3 

Seed dispersal vector Wind, water, birds, mammals, or 
gravity 

Wind, water = 0 
Birds, mammals, gravity, or primarily 
vegetative reproduction = 100 

 Fecundity Qualitative assessment, based 
on size and frequency of seed 
crops, proportion of filled seed in 
mature cones or fruits, and 
germination rate 

High = 0 
Medium = 50 
Low = 100 

 Seed dispersal 
capacity 

Distance within which most seed 
is dispersed 

 > 0.5 mile = 0 
 400 ft to 0.5 miles = 50 
 < 400 ft = 100 

 Minimum seed-bearing 
age 

Age at which seed production 
begins under good growing 
conditions 

< 10 years = 0 
10 to 20 years = 50  
 > 20 years = 100 

 Dioecy Breeding system Monoecious = 0 
Dioecious = 100 

Habitat affinity 
 

Mean elevation Mean elevation (ft) of FIA all 
plots on which a given species 
is present 

Lowest elevation = 0; highest elevation = 
100; all other species scored 
proportionally according to frequency of 
occurrence 

 Successional stage3 Successional stage(s) in which 
the species commonly occurs 

Early = 0 
Early to late = 50 
Late = 100 

 Habitat specificity3 Habitat specificity relative to all 
other eastern Oregon tree 
species 

Low = 0 
Medium = 50 
High = 100 

 Drought tolerance3 Drought tolerance relative to all 
other eastern Oregon tree 
species 

High = 0 
Medium = 50 
Low = 100 
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each tree species is predicted to occupy at a 
given point in the future. 

• For each tree species, one would need to 
quantify whether its existing ecological 
adaptations to fire would be sufficient under a 
predicted future fire regime. 

Although we did not include wildfire risk in our 
quantitative analysis, we reviewed the adaptations of 
individual tree species to wildfire during the course of 
this project. This information is summarized in tables 
A4-5 and A4-6. 

To conduct this assessment, we compiled information 
on individual tree species from a variety of sources 
including Silvics of North America (Burns and 
Honkala 1990), The Woody Plant Seed Manual 
(Bonner and Karrfalt 2008), the FIA annual inventory 
(USDA Forest Service 2010b), and other sources in 
the scientific literature. Information on insect and 
disease threats was provided by an expert panel from 
the U.S. Forest Service, Pacific Northwest Region 
Forest Health Protection Program Blue Mountains Pest 
Management Service Center. Compiled information is  

Table A4-4, continued 

Risk factor Variable Description Scoring system 

Adaptive 
genetic 
variation3 

Elevation band width 
of seed zones4 

Range in elevation within which 
maladaption due to seed 
movement is minimized 

No elevation bands = 0 
> 1,500 ft = 33 
1,000 to 1,500 ft = 67 
 < 1,000 ft = 100 

 Pollen dispersal vector Wind or insects Wind = 0 
Insects = 100 

 Disjunct populations Populations that are disjunct 
from the main portion of the 
species’ range 

No disjunct populations = 0 
One or more such populations = 100 

Major insect 
and disease 
threats5 

Threat Insect or disease that impacts 
the health or survival of the 
species 

Score for each threat is calculated as the 
product of the severity and immediacy 
scores 

Severity A rating of the present impact of 
insect or disease threats  

Minor mortality, usually of already-stressed 
trees = 1 
Moderate mortality in association with 
other threats = 3 
Moderate mortality of mature trees = 5 
Significant/complete mortality in related 
species = 6 
Significant mortality of mature trees = 8 
Complete mortality of all mature trees = 10 

Immediacy Threats weighted based on 
immediacy and present or 
expected exacerbation by a 
changing climate 

Potential to reach region of interest = 1 
Present in region = 2 
Present in region and climate change 
appears to be a contributing factor in 
increases in distribution and impact = 3 

1 Higher scores indicate greater vulnerability. 
2 See distribution maps in appendix 7. 
3 Unless otherwise noted, all information is taken from published literature, which is summarized in the tree profiles in appendix 8. 
4 Randall and Berrang (2002). 
5 Information provided by expert panel, U.S. Forest Service Pacific Northwest Forest Health Protection Program. 
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presented as tree species distribution maps and profiles 
(appendices 7, 8). For each species, we assigned 
numerical ratings (0 to 100) to each of the variables 
within each risk factor (table A4-4). We then averaged 
all of the variable ratings for each species within each 
risk factor to determine a raw factor score for that 
species. Next, we scaled all of the species’ raw factor 
scores within each factor from 0 to 100 (i.e., we set the 
lowest species score to 0, the highest to 100, and 
adjusted all other species’ scores proportionally). The 
purpose of the scaled scores is to provide equal 
weighting to each of the five risk factors for 
calculation of the overall vulnerability score for each 
species. Finally, we calculated an overall vulnerability 
score for each species based on an average of the five 
risk factor scores. We then ranked the species 
according to overall vulnerability score. 

VULNERABILITY ASSESSMENT 
RESULTS: GROUP 1 TREE 
SPECIES 
In the sections that follow, we describe the five risk 
factors and the variables that we used to rate climate 
change vulnerability for the tree species of eastern 
Oregon. Following a brief description of the 
methodology used for each factor, we list key 
observations and present a table of the variable ratings 
and factor scores. Both raw scores and scaled scores 
are presented for each factor. The purpose of the 
scaled scores is to provide equal weighting to each of 
the five factors (i.e., scores ranging from 0 to 100) for 
calculation of the overall vulnerability score for each 

Table A4-5. Influence of fire on group 1 tree species of eastern Oregon1 

Species 
Fire resistance of mature 

trees 

Fire in typical habitat 

Frequency2 Intensity 
Black cottonwood Low, but sprouts vigorously Variable, depends on site forest 

type 
Variable, depends on site 

and forest type 
Douglas-fir Moderate to high Frequency increases on drier 

sites 
Intensity increases with 

longer MFRI 
Engelmann spruce Very low Low; MFRI 150+ yr High 

Grand fir - white fir Moderate Variable, more frequent on drier 
sites 

Variable; increases with 
longer MFRI 

Lodgepole pine  Moderate; survives low-
severity fire 

Variable; MFRI often 25-75+ yr Variable 

Ponderosa pine High High prior to settlement, MFRI 
<30 yr 

Increases with longer MFRI 

Quaking aspen Low to moderate; regenerates 
rapidly after fire 

Variable; frequency greatly 
reduced post-settlement  

Variable; low-intensity to 
stand-replacing 

Subalpine fir Very low Low; MFRI >100 yr Usually high 

Western juniper Increases with age; large trees 
have moderate resistance 

Variable; MFRI 7-25 yr, 
sometimes >100 yr 

Depends on stand age & 
density; fine fuels 
decrease with stand age 

Western larch High; regenerates rapidly from 
seed 

Variable; MFRI 25-75+ yr Variable 

Western white pine Moderate; regenerates well 
after severe fire 

Variable Variable 

Whitebark pine Moderate; survives low-
severity fire 

Variable; MFRI 30-350+ Variable 

1 Data from Fischer et al. (1996) and Agee (1993). 
2 MFRI = mean fire-return interval. 
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species. These overall vulnerability scores and 
rankings are presented at the end of this section. 

Distribution 

Approach 

The distribution risk factor is composed of three 
variables selected to describe the distribution of each 

tree species in eastern Oregon: Frequency of 
Occurrence, Proportion of Canopy Trees, and 
Distribution in Eastern Oregon (table A4-7). The first 
two of these three variables were calculated using FIA 
data (table A4-4); the FIA plots on which each species 
occurred are shown in supplement A4S1. Selection of 
these three variables was based on the premise that if a 
species is common, has a broad geographic 
distribution, and a relatively high level of canopy 

Table A4-6. Influence of fire on group 2 and 3 tree species of eastern Oregon1 

Species 
Fire resistance of mature 

trees 
Fire in typical habitat 

Frequency2 Intensity 

Group 2    

Bitter cherry Low, but sprouts readily after 
top-kill 

Variable; occurs in a wide variety 
of forest types 

Variable 

Cascara  Low, but sprouts readily after 
top-kill 

Variable, depending on forest 
type; MFRI 30-320 yr 

Variable 

Netleaf hackberry Low, but sprouts readily after 
top-kill 

Infrequent on moist sites where it 
usually occurs 

Variable 

Pacific willow Unknown, but likely sprouts 
after fire 

Probably infrequent on moist sites 
where it usually occurs 

Unknown 

Pacific yew Very low Abundance is positively related to 
time since last fire 

Often high, because MFRI 
are long 

Paper birch Low, but regenerates rapidly 
from seed 

Low Fire is often stand-
replacing 

Peachleaf willow Low, but sprouts after top-kill Probably infrequent on moist sites 
where it usually occurs 

Unknown 

Red alder Resistant to low-intensity fire Infrequent on moist sites where it 
usually occurs 

Variable 

Rocky Mountain 
maple 

Low, but sprouts vigorously Variable; occurs in a wide variety 
of forest types 

Variable; occurs in a wide 
variety of forest types 

Scouler’s willow Low, but sprouts vigorously 
after top-kill 

Variable, depending on forest 
type 

Variable 

Water birch Low, but sprouts readily after 
top-kill 

Infrequent on moist sites where it 
usually occurs 

Variable 

White alder Low Probably infrequent on moist sites 
where it usually occurs 

Unknown 

Group 3    

Alaska yellow-cedar Low Low; MFRI 150-350+ yr High 

Limber pine Low; older trees may survive 
low-intensity fire 

Low; fire is infrequent on its 
typically low-productivity sites 

Variable 

Mountain hemlock Low Low; MFRI 400-800 yr High 

Rocky Mountain 
juniper 

Low to moderate Variable; MFRI 10-400 yr Variable 

1 Data from Fischer et al. (1996) and Agee (1993). 
2 MFRI = mean fire-return interval. 
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dominance (which is associated with the amount of 
resources the species captures on a site), then its 
vulnerability to climate change is reduced. For the 
three variables in this factor: 

• Frequency of Occurrence was calculated as 
the percentage of FIA plots on which a given 
species occurred as a live tree (diameter >5 in 
[13 cm]). The vulnerability score ranged from 
0 (for the species occurring on the most plots) 
to 100 (for the species occurring on the fewest 
plots), with values for all other species 

assigned proportionally, according to the 
percentage of plots on which each occurred. 

• Proportion of Canopy Trees was calculated 
based only on the plots on which a given 
species occurred as a canopy tree (i.e., a tree 
coded by FIA as dominant, codominant, or 
open-grown). For each of these plots, we 
calculated the percentage of all canopy trees 
that the given species represented; we then 
averaged this percentage across these plots. 
The vulnerability score was calculated in the 
same manner as the Frequency of Occurrence 

Table A4-7. Distribution risk factor for a climate change vulnerability assessment of major eastern Oregon tree 
species. Included are scores (0 to 100; 100 = greatest vulnerability) for three variables representing 
distribution-related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 

FIA data  Score 

Frequency of 
occurrence 
(% of plots) 

Proportion 
of canopy 
trees (%)  

Frequency of 
occurrence1 

Proportion 
of canopy 

trees1 
Distribution 

in E. OR2 

Raw 
factor 
score 

Scaled 
factor 
score 

Western white pine 0.3 6.3  99 100 50 83 100 

Whitebark pine 2.3 25.3  96 59 50 68 82 

Black cottonwood 0.0 na3  100 na3 25 63 75 

Quaking aspen 0.4 16.8  99 77 0 59 71 

Engelmann spruce 14.1 23.6  78 63 25 55 66 

Subalpine fir 10.3 43.4  84 20 25 43 51 

Western larch 28.9 19.0  54 73 0 42 51 

Western juniper 13.0 48.5  79 9 25 38 45 

Lodgepole pine  25.0 42.6  60 21 0 27 33 

Grand fir - white fir 41.1 39.9  34 27 0 21 25 

Douglas-fir 57.4 35.2  9 37 0 15 18 

Ponderosa pine 62.7 52.5  0 0 0 0 0 

1 Highest = 0; lowest = 100; all other species scored in proportion to where their values fell between these two extremes. 
2 Wide = 0; moderate = 25; narrow = 50; very narrow = 75; rare = 100. 
3 This species did not appear on any FIA plots, likely because stands did not meet the minimum stocking criteria for plot establishment. The 
factor score was calculated by averaging the other two variables, rather than all three variables. 
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variable, with the species composing the 
lowest percentage of canopy trees receiving 
the highest vulnerability score (i.e., 100).  

• Values for Distribution within Eastern Oregon 
were assigned after evaluating the distribution 
of each species as shown on the maps in 
appendix 7. All sources of species occurrence 
data were used, not just data from FIA. Unlike 
the other two variables in this risk factor, this 
was a qualitative determination based on each 
species’ distribution within eastern Oregon. 
Thus, this variable accounted for the spatial 
distribution of occurrences, whereas the 
Frequency of Occurrence variable was 
calculated only from the number of 
occurrences. 

Key Observations 

Several patterns emerged: 

• Frequency of occurrence on FIA plots was 
highest for ponderosa pine, Douglas-fir, and 
the grand fir-white fir complex. Other species 
occurring on 25 percent or more of plots were 
western larch and lodgepole pine. The tree 
species occurring on the fewest plots were 
black cottonwood, western white pine, 
quaking aspen, and whitebark pine. Black 
cottonwood was not present on any FIA plots, 
but this is likely because the riparian locations 
in which black cottonwood often occurred 
may not have met the minimum stocking 
criteria required for establishment of an FIA 
plot. Black cottonwood was inventoried in 
other surveys (appendix 7). 

• The species averaging the greatest proportion 
of canopy trees on the plots where they 
occurred were ponderosa pine (53 percent) 
and western juniper (49 percent). The species 
least represented among canopy trees were  
western white pine (6 percent), quaking aspen 
(17 percent), and western larch (19 percent). 

• Based on occurrence data from all sources, 
two species distributions were classified as 
narrow within eastern Oregon: western white 
pine and whitebark pine. Four species have 
moderate distributions: black cottonwood, 
subalpine fir, western juniper, and Engelmann 
spruce. The remaining six species had wide 
distributions. 

Western white pine and whitebark pine were ranked as 
most vulnerable for the distribution risk factor. 
Western white pine is scattered across all three 
national forests, but occurs infrequently in most areas. 
Whitebark pine is confined to high-elevation habitat 
on each of the forests. Both species have broad 
distributions in western North America, but in eastern 
Oregon their distributions are separated from the 
broader distributions as a result of discontinuous 
habitat. The species with the lowest distribution risk 
factor scores were ponderosa pine, Douglas-fir, the 
grand fir-white fir complex, and lodgepole pine. 

Reproductive Capacity 

Approach                 

The variables in this risk factor relate to regeneration 
and seed dispersal: Seed Dispersal Vector, Fecundity, 
Seed Dispersal Capacity, Minimum Seed-Bearing 
Age, and Dioecy (breeding system) (table A4-8). At 
greater risk are species with bird or mammal seed 
dispersal vectors, lower production of viable seed, less 
frequent seed crops, later seed-bearing age, shorter 
seed dispersal distances, and more complex breeding 
systems. Because many of these tree species need 
openings to reproduce, reproductive capacity rankings 
in this case represent the relative ability of species to 
migrate and regenerate after large-scale disturbances, 
which are expected to become more frequent in the 
future under a changing climate (Littell et al. 2010). 
These scores are based on present seed biology and 
climate (including wind patterns); some of these 
characteristics may change over the next century as 
trees acclimate to a changing environment. Therefore, 
the information presented here is appropriate for the 
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near future only and must be updated as new 
information becomes available. 

Key Observations 

• All but two species, whitebark pine and 
western juniper, use wind as the sole or 
primary means of seed dispersal. The primary 
seed disperser of whitebark pine seed is 
Clark’s nutcracker. Western juniper cones are 
distributed by birds, small mammals, and 
gravity. Both of these species will be at risk 
for a severe reduction in seed dispersal if their 

interactions with bird and mammal vectors are 
disrupted. In the case of whitebark pine, this 
could occur if there are changes in the events 
that trigger the movement of the Clark’s 
nutcracker or in the timing of seed production. 

• Quaking aspen is unique because it reproduces 
primarily by vegetative means (cloning 
through root suckers), and although 
reproduction by seed has been observed in the 
Blue Mountains after fires, dry summers and 
high herbivore population levels make the 

Table A4-8. Reproductive capacity risk factor for a climate change vulnerability assessment of major eastern 
Oregon tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for five variables representing 
reproduction-related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 
Seed dispersal 

vector 

Score 
Seed-

dispersal 
vector1 Fecundity2 

Seed 
dispersal 
distance3 

Minimum 
seed-bearing 

age4 Dioecy5 

Raw 
factor 
score 

Scaled 
factor 
score 

Western juniper Birds, mammals 100 50 100 100 0 70 100 

Quaking aspen Wind 1006 100 0 50 
 

100 70 100 

Whitebark pine Clark’s 
nutcracker, 

small mammals 

100 100 0 100 0 60 80 

Grand fir - white fir Wind, small 
mammals 

0 50 100 100 0 50 60 

Subalpine fir Wind 0 50 100 100 0 50 60 

Engelmann spruce Wind 0 50 100 100 0 50 60 

Lodgepole pine Wind 0 0 100 50 0 30 20 

Western larch Wind 0 0 50 100 0 30 20 

Douglas-fir Wind 0 0 100 50 0 30 20 

Black cottonwood Wind, water 0 0 0 50 100 30 20 

Ponderosa pine Wind 0 0 100 0 0 20 0 

Western white pine Wind 0 0 50 50 0 20 0 

1 Primarily abiotic = 0; primarily biotic (or reproduces primarily vegetatively ) = 100. 
2 High = 0; medium = 50; low = 100. 
3 Greater than 0.5 mile = 0; 400 ft to 0.5 miles = 50; less than 400 ft = 100. 
4 Less than 10 years = 0; 10 to 20 years = 50; more than 20 years = 100. 
5 Monoecious = 0; dioecious = 100. 
6Quaking aspen reproduces most often by vegetative means (cloning through sprouting). 
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probability of seedling survival low (Swanson 
et al. 2010). 

• The scores for fecundity (low, medium, and 
high) were based on a qualitative assessment 
of size and frequency of seed crops, 
proportion of filled seed in mature cones or 
fruits, and germination rate. Two species, 
whitebark pine and quaking aspen, were 
classified has having low fecundity. 

• Seven of the 12 species examined in this 
assessment have a seed dispersal distance of 
less than 400 feet (score = 100). Two species, 
western larch and western white pine, have 
dispersal distances between 400 to 2,600 feet 
(score = 50). Three species have the advantage 
of longer-distance seed dispersal (score = 0): 

o Whitebark pine—Clark’s nutcrackers 
cache seeds up to 18 miles from 
source trees.  

o Black cottonwood—Seeds are minute 
and tufted with cottony hairs; 
consequently they are carried for 
miles by wind or water. 

o Quaking aspen—Buoyed by long 
silky hairs, seeds can be carried for 
miles by the wind; water also is a 
dispersal agent. However, as stated 
above, a number of challenges, both 
environmental and biological, make 
seedling survival unlikely in the Blue 
Mountains. 

• Minimum seed-bearing age was classified into 
three groups: less than 10 years, 10 to 20 
years, and more than 20 years. Only ponderosa 
pine was classified as capable of producing 
seed in less than 10 years. 

• All species in group 1 are monoecious (both 
male and female reproduction on the same 
individual) except quaking aspen and black 
cottonwood, which are dioecious (male and 
female reproduction on different individuals). 

• The three species with the highest risk factor 
scores were western juniper, quaking aspen, 
and whitebark pine. Biotic seed dispersal 
vectors and high minimum seed-bearing ages 
contributed to the high rankings of western 
juniper and whitebark pine. Quaking aspen has 
low fecundity and a dependence on vegetative 
reproduction (also see Swanson et al. 2010). 
The next highest-scoring group (scores of 60) 
included the grand fir-white fir complex, 
subalpine fir, and Engelmann spruce. Short 
seed dispersal distances and high minimum 
seed-bearing ages contributed to these scores, 
as did moderate fecundity ratings. 

• The species with the lowest reproductive 
capacity risk scores were ponderosa pine and 
western white pine, followed by black 
cottonwood, Douglas-fir, western larch, and 
lodgepole pine. All of these species have high 
fecundity and wind-dispersed seed which 
increase their potential for reproduction after 
disturbance. Ponderosa pine, western larch, 
and Douglas-fir are commercial species on the 
forests of eastern Oregon and account for most 
of these seedlings planted as part of 
reforestation programs. 

Habitat Affinity 

Approach 

The habitat affinity risk factor consists of four 
variables selected to describe how a species’ habitat 
affinities are expected to influence its vulnerability to 
projected changes in climate (table A4-9). The four 
variables are: Mean Elevation, Successional Stage, 
Habitat Specificity, and Drought Tolerance. Species 
occurring at high elevations are more vulnerable to 
climate change, specifically warming temperatures, 
because the extent of their habitat and their pathways 
of migration become increasingly limited (Parmesan 
2006). Mean Elevation was calculated from all 
occurrences on FIA plots in eastern Oregon. The 
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vulnerability score ranged from 0 (the species with the 
lowest mean elevation) to 100 (the species with the 
highest mean elevation), with values for all other 
species assigned proportionally, according to where 
their mean elevations fell between these two extremes. 

The Successional Stage variable was included because 
species adapted to late successional stages generally 
have greater within-population genetic diversity than 
species of early successional stages (Hamrick et al. 

1992) and thus are assumed to be more vulnerable to 
loss of genetic diversity (Myking 2002, Potter and 
Crane 2010). Habitat Specificity represents the 
specificity of a given species’ habitat requirements 
relative to other tree species in eastern Oregon. 
Species with high habitat specificity were assigned 
high vulnerability scores because they were considered 
more vulnerable to habitat loss associated with climate 
change. Drought Tolerance was included because 

Table A4-9. Habitat affinity risk factor for a climate change vulnerability assessment of major eastern Oregon tree 
species. Included are scores (0 to 100; 100 = greatest vulnerability) for four variables representing habitat-
related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 
Mean 

elevation (ft)1 

Score 

Mean 
elevation2 

Successional 
stage3 

Habitat 
specificity4 

Drought 
tolerance5 

Raw 
factor 
score 

Scaled 
factor 
score 

Subalpine fir 6,243 61 50 50 100 65 100 

Engelmann spruce 5,458 38 50 50 100 60 85 

Western white pine 6,650 72 50 50 50 56 73 

Whitebark pine 7,640 100 0 100 0 50 58 

Quaking aspen 5,167 30 0 50 100 45 44 

Black cottonwood6 4,100 0 0 50 100 38 23 

Lodgepole pine 5,450 38 0 50 50 35 15 

Grand fir - white fir 4,949 24 50 0 50 31 5 

Western juniper 4,949 24 50 50 0 31 5 

Western larch 4,940 24 0 50 50 31 5 

Douglas-fir 4,802 20 50 0 50 30 2 

Ponderosa pine 4,698 17 50 50 0 29 0 

1 Mean elevations of all occurrences on FIA plots. 
2 Lowest elevation = 0; highest elevation = 100; all other species scored in proportion to where their values fell between these two 
extremes. 
3 Early = 0; early to late = 50; late = 100. 
4 Low = 0; medium = 50; high = 100. 
5 High = 0; medium = 50; low = 100. 
6 Because this species did not occur on any FIA plots, we used mean elevation data of occurrences on CVS plots, which were established 
using a comparable protocol. 
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projected increases in summer temperatures are likely 
to be associated with increased drought, even if no 
substantial change occurs in summer precipitation. 
Species with higher tolerance of drought were 
assigned lower vulnerability scores. 

Key Observations 

For the habitat affinity risk factor: 

• Mean elevation of tree species ranged from 
4,100 to 7,640 ft (1,250 to 2,330 m). When 
ranked according to mean elevation, the 
largest gaps between species occurred for the 
highest-elevation species, whitebark pine, and 
the second-highest species, and for the lowest-
elevation species, black cottonwood, and the 
second-lowest species. 

• Although western white pine had the second-
highest mean elevation, it occurred on only 
three FIA plots in the study area, resulting in a 
small sample size for our calculation of mean 
elevation.  

• All of the species occur in early or early to late 
successional stages. No species were restricted 
to late successional stages. 

• Whitebark pine was the only species rated as 
having high habitat specificity. Two species 
were rated as having relatively low habitat 
specificity (the grand fir-white fir complex 
and Douglas-fir), and nine species were rated 
as having an intermediate level of habitat 
specificity. 

• We rated three species as having high drought 
tolerance: ponderosa pine, western juniper, 
and whitebark pine. Five species had medium 
drought tolerance, and four species had low 
drought tolerance (subalpine fir, Engelmann 
spruce, quaking aspen, and black cottonwood). 
Drought-tolerance ratings were assigned 
relative to the other trees of eastern Oregon; 
thus, some ratings differ from those assigned 
to the same species in the coastal Pacific 
Northwest. 

Subalpine fir had the highest vulnerability score for 
the habitat affinity risk factor, followed by Engelmann 
spruce and western white pine. Variable ratings among 
these species differed only as a result of different mean 
elevations and the fact that both subalpine fir and 
Engelmann spruce had low drought tolerance, whereas 
that of western white pine was moderate. Five species 
had very low habitat affinity risk scores: ponderosa 
pine, Douglas-fir, western larch, western juniper, and 
the grand fir-white fir complex. 

Adaptive Genetic Variation 

Approach 

The adaptive genetic variation factor is based on 
elements that describe a tree species’ ability to adapt to 
a changing climate: genetic diversity, gene flow, and 
population structure. Genetic variation in adaptive 
traits is important because it provides the raw 
materials for populations to cope with climate change 
through evolution (Aitken et al. 2008). Forest trees 
generally have high levels of both within- and among-
population genetic diversity for quantitative traits 
related to adaptation. A wealth of information has been 
collected on this type of genetic variation in 
commercially important trees species through common 
garden experiments. This information has been critical 
in developing seed zones and elevation bands to guide 
seed movement (Randall 1996). 

Rehfeldt (1994) used the term specialist to describe 
species in which genetic variability is organized into 
numerous local populations, each of which is 
physiologically specialized for a particular range of 
environments. Conversely, the term generalist 
describes species in which individuals, and therefore 
populations, are attuned to a broad range of 
environments. Because specialist species are closely 
adapted to their local environment and do not have the 
necessary adaptive genetic variation within 
populations to rapidly adapt to a changing climate, 
they are more susceptible to changes in climate. The 
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general characteristics of these alternative evolutionary 
strategies are shown in table A4-10. 

Genetic variation in traits related to local adaptation is 
critically important in assessing vulnerability to 
climate change. Seed zones delineated for 
commercially important tree species reflect levels of 
genetic variation in adaptive traits; however, the 
number and size of these zones also are dependent on 
the distribution of the species. Therefore, in this risk 
factor, we used seed zone elevation band width (within 
this study area) as a surrogate for adaptive genetic 
variation. Species with one or no elevation bands are 
considered generalists with wide climatic tolerances, 
whereas species with several narrow elevation bands 
are considered specialists, highly adapted to their local 
environment, with specific 
climatic requirements. For 
example, elevation band widths 
that determine seed transfer 
zones for Douglas-fir, a specialist 
species, are 1,000 ft (305 m), 
whereas for western white pine, a 
generalist species, there are no 
elevation restrictions on seed 
transfer (Campbell and Sugano 
1989, Randall 1996). Because 
specialist species are more 
vulnerable to changes in climate, 
species with narrow elevation 
bands within their eastern Oregon range were given a 
higher vulnerability score (table A4-11). It should be 
noted that, for a given species, elevation band width 
within our study area may differ from that elsewhere 
in the species’ range. 

Evolution and response to natural selection depend on 
a number of factors including genetic diversity present 
within populations and gene flow from adjacent 
populations (Aitken et al. 2008). For example, gene 
flow into a population from adjacent populations 
growing at warmer temperatures (such as populations 
at lower elevations or further south) can increase the 
rate of adaptation by introducing genetic variation that 
is pre-adapted to a warmer climate. Gene flow occurs 

through the movement of pollen and seed; however, 
neither of these vectors is easy to measure on a 
quantitative basis. All of the group 1 species are wind-
pollinated and all but two species (whitebark pine and 
western juniper) also produce seeds that are dispersed 
by primarily by wind. Species that are insect-
pollinated are more vulnerable to climate change 
because of the required interaction with another 
organism; climate change may affect the seasonal 
patterns of insect pollinator activity and thus disrupt 
the synchrony between the pollinators and the time of 
flowering. Because all of the group 1 species are wind-
pollinated, this variable had no effect on the risk factor 
score ranking (table A4-11). Trees with animal-
dispersed seed were assigned higher vulnerability 

ratings (in the reproductive capacity risk factor; table 
A4-8) because of their dependence on interactions 
with another organism. 

Populations that are disjunct from other parts of a 
species’ distribution may evolve to be genetically 
distinct due to the lack of exchange of genetic material 
among populations. This may or may not be reflected 
in adaptive genetic variation, but regardless, this 
genetic “uniqueness” makes these populations high 
priorities for conservation so these species represented 
by disjunct populations received a higher vulnerability 
rating. Additionally, gene flow into populations that 
are isolated or fragmented is often interrupted, which  

Table A4-10. Comparison of alternative evolutionary strategies 

Characteristic 

Evolutionary strategy 

Specialist Generalist 

Factor controlling physical expression of 
adaptive traits 

Genotype Environment 

Mechanism for accommodating 
environmental heterogeneity 

Genetic 
variation 

Phenotypic 
plasticity 

Range of environments across which 
physiological processes function optimally 

Small Large 

Slope of gradients for adaptive traits Steep Flat 

Source: Rehfeldt 1994. 
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increases the future vulnerability of these populations, 
as opportunities to receive novel adaptive genetic 
variation are restricted. Whitebark pine and western 
white pine are the only species that have 
geographically isolated populations in eastern Oregon. 
In the case of whitebark pine, populations on the three 
national forests in eastern Oregon are relatively small 
and in most cases are restricted to isolated mountain 
peaks (the population in the Eagle Cap Wilderness on 
the Wallowa-Whitman National Forest is an 
exception). Although whitebark pine seed can be 
transported long distances by Clark’s nutcracker 
(Hutchins and Lanner 1982, Lorenz et al. 2009), 

populations on different mountain ranges have 
restricted gene flow, which could negatively impact 
their ability to adapt to changes in climate, making 
them more vulnerable.   

Data for all variables in this risk factor were obtained 
from the scientific literature. Formal tree seed zones 
have not been delineated for eastern Oregon, so 
elevation band widths were obtained from Forest Tree 
Seed Zones for Western Oregon (Randall 1996) and 
Washington Tree Seed Transfer Zones (Randall and 
Berrang 2002) for all species with the exception of 
quaking aspen, whitebark pine, and subalpine fir. 
Formal seed zones have not been delineated for these 

Table A4-11. Adaptive genetic variation risk factor for a climate change vulnerability assessment of major 
eastern Oregon tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for three 
variables representing vulnerabilities related to adaptive genetic variation as well as factor scores based 
on the average of the variable scores 

  
Species 

Pollen 
dispersal 

vector 

Score 
Seed zone 
elevation 

band width1 

Pollen 
dispersal 
vector2 

Disjunct 
populations3 

Raw 
factor 
score 

Scaled 
factor 
score 

Lodgepole pine Wind 100 0 0 33 100 

Douglas-fir Wind 100 0 0 33 100 

Whitebark pine Wind 0 0 100 33 100 

Western white pine Wind 0 0 100 33 100 

Grand fir - white fir Wind 67 0 0 22 67 

Subalpine fir Wind 67 0 0 22 67 

Western larch Wind 67 0 0 22 67 

Engelmann spruce Wind 67 0 0 22 67 

Ponderosa pine Wind 67 0 0 22 67 

Black cottonwood Wind 33 0 0 11 33 

Quaking aspen Wind 33 0 0 11 33 

Western juniper Wind 0 0 0 0 0 

1 No seed zone elevation bands = 0; bands wider than 1,500 ft = 33; bands 1,000 to 1,500 ft = 67; bands less than 1,000 ft = 100. 
2 Primarily abiotic pollination vectors = 0; primarily biotic pollination vectors = 100. 
3 No disjunct populations = 0; one or more such populations = 100. 
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species, but published information on adaptive genetic 
variation was used in combination with the elevation 
range of these species in eastern Oregon (shown on 
inset graphs on maps in appendix 7) to assign scores 
for this variable. Information for quaking aspen was 
obtained from St. Clair et al. (2010); information on 
whitebark pine from obtained from Bower and Aitken 
(2008) and Aubry et al. (2008), information on 
western white pine was obtained from Campbell and 
Sugano (1989), and information on subalpine fir was 
obtained from Warwell (pers. comm.). No information 
on genetic variation was available for western juniper; 
however, because of its relatively narrow elevation 
distribution, it was assumed that no elevation bands 
would be needed to separate populations. 

Key Observations 

• Lodgepole pine and Douglas-fir, which are 
specialist species closely adapted to their local 
environment, ranked in the highest group in 
this risk factor. 

• Whitebark pine and western white pine were 
the only species with disjunct or 
geographically isolated populations; they also 
ranked in the highest group. 

• The species with the lowest vulnerability 
scores in this risk factor were western juniper 
and the two broadleaf species, quaking aspen 
and black cottonwood. 

Insects and Diseases 

Approach 

This risk factor includes insects and diseases that 
presently affect the tree species under assessment or 
are expected to exacerbate the negative impacts of 
climate changes on tree survival, growth, or vigor 
(table A4-12). For each tree species, the most 
important insect and disease threats within the area of 
analysis were determined by entomologists and 
pathologists of the U.S. Forest Service Blue Mountains 

Pest Management Service Center, who rated each 
insect and disease according to the severity and 
immediacy of its impact. The score for each threat to 
each species was calculated by multiplying the 
severity and immediacy ratings; the factor score for 
each species is the sum of all individual threat scores 
for that species. 

We made one modification to Potter and Crane’s 
(2010) original format for this risk factor; we altered 
their threat immediacy rating scale to better represent 
threats in eastern Oregon. We changed the definition 
of immediacy score 2, “approaching region of 
interest,” to “present in region;” and we changed the 
definition of immediacy score 3, “present in region,” 
to “present in region and climate change appears to 
contribute to increases in distribution and impact.” 
Although species-specific predictions for the future 
remain uncertain, these changes were made because 
there are indications that the current trend in climate 
warming has already exacerbated the effects of several 
insects and diseases on tree species of eastern Oregon. 

Key Observations 

Each tree species was assigned 2 to 5 major threats. 
Threats are arranged in table A4-12 from highest to 
lowest score (threat 1 is highest; threat 2 is second 
highest, etc.). The severity scores ranged from 1 
(minor mortality, usually of already-stressed trees) to 8 
(significant mortality of mature trees). 

All tree species/threat combinations received an 
immediacy score of 2 (present in region) or 3 (present 
in region and climate change appears to contribute to 
increases in distribution and impact).   

The insect threats with the highest scores were: 

• Balsam woolly adelgid (subalpine fir, 24) 

• Mountain pine beetle (whitebark pine, 24; 
lodgepole pine, 24) 

• Douglas-fir beetle (Douglas-fir, 15) 

• Fir engraver (grand fir-white fir complex, 15) 
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Among these insect threats, the immediacy scores 
were 3 and the severity scores were 5 (moderate 
mortality of mature trees) or 8. 

The disease threats with the highest scores were: 

• Larch dwarf mistletoe (western larch, 16) 

• Armillaria root diseases (grand fir-white fir 
complex, 15) 

• Tomentosus root rot (Engelmann spruce, 10) 

• Various cankers (quaking aspen, 10) 

• White pine blister rust (whitebark pine, 10) 

• Heterobasidion-fir engraver complex (grand 
fir-white fir complex, 10).  

Among these disease threats, immediacy scores were 2 
or 3 and severity scores were 5 or 8. 

Table A4-12. Insects and diseases risk factor for a climate change vulnerability assessment of major eastern Oregon tree 
species. Vulnerability scores for as many as five major threats per tree species are shown 

Species 

Threat 1  Threat 2  Threat 3 

Threat Se
ve

rit
y1  

Im
m

ed
ia

cy
2  

Sc
or

e3  

  Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e 
 Threat Se

ve
rit

y 

Im
m

ed
ia

cy
 

Sc
or

e 

Grand fir - white fir Fir engraver 5 3 15  Armillaria root 
disease 

5 3 15  Heterobasidion-
Fir engraver 
complex 

5 2 10 

Subalpine fir Balsam woolly 
adelgid 

8 3 24  Western balsam 
bark beetle 

3 3 9  Pityokteines 
minutus 

3 3 9 

Douglas-fir Douglas-fir beetle 5 3 15  Douglas-fir dwarf 
mistletoe 

3 3 9  Armillaria root 
disease 

3 3 9 

Whitebark pine Mountain pine 
beetle 

8 3 24  White pine blister 
rust 

5 2 10      

Lodgepole pine  Mountain pine 
beetle 

8 3 24  Western Gall Rust 2 2 4  Ips bark beetles 1 3 3 

Ponderosa pine Western pine 
beetle 

3 3 9  Mountain pine 
beetle 

3 3 9  Western dwarf 
mistletoe 

3 2 6 

Quaking aspen Cankers:  
cytospora, 
sooty-bark, 
ceratocystis, 
cryptosphaeria 

5 2 10  Bronze poplar 
borer 

3 3 9  White trunk rot- 
breakage 

3 2 6 

Engelmann spruce Tomentosus root 
rot 

5 2 10  Spruce beetle 3 3 9  Western Spruce 
budworm 

1 2 2 

Western larch Larch dwarf 
mistletoe 

8 2 16  Schweinitzii 
root/butt rot 

1 2 2      

Western white pine Mountain pine 
beetle 

2 3 6  White pine blister 
rust 

2 2 4  Armillaria root 
disease 

1 3 3 

Black cottonwood Agrilus spp. 3 2 6  Cankers: 
cytospora et al. 

3 2 6      

Western juniper Phloeosinus spp. 1 3 3  Buprestidae, 
Cerambycidae, 
Scolytidae 

1 3 3  Heterobasidion 
irregulare 

1 2 2 

1 Minor mortality, usually of already-stressed trees = 1; moderate mortality in association with other threats = 3; moderate mortality of mature trees 
= 5; significant/complete mortality in related species = 6; significant mortality of mature trees = 8; mortality of all mature trees = 10. 
2 Potential to reach region of interest = 1; present in region = 2; present in region and climate change appears to be a contributing factor in 
increases in distribution and impact = 3. 
3 Score is the product of multiplying severity and immediacy values. 
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Among the 12 tree species, the grand fir-white fir 
complex (score of 100) ranked highest in vulnerability 
to insect and disease threats followed by subalpine fir 
(72) and Douglas-fir (68). The two hardwood species, 
quaking aspen and black cottonwood, ranked in the 
lower half of the tree species for vulnerability. The 
group of tree species with the lowest insect and disease 
risk factor scores included western juniper (0), black 
cottonwood (8), and western white pine (10). 

Overall Scores and Rankings 

The vulnerability score for each risk factor and the 
overall vulnerability score for each species are 
displayed in table A4-13. The overall vulnerability 
scores were calculated by averaging the five risk 

factors, which were weighted equally. Higher overall 
scores indicate higher projected vulnerability to the 
effects of climate change as measured by the five risk 
factors. General observations on the vulnerability 
scores and rankings shown in table A4-13 include: 

• Among the 12 group 1 tree species, overall 
vulnerability scores ranged from 22 to 74 
(lowest and highest scores possible were 0 and 
100, respectively). When species were ranked 
by score, the scores were distributed relatively 
evenly, with no gaps in scores larger than 10 
points. 

• The three species with the highest 
vulnerability scores (greater than 60), were all 
high-elevation species: whitebark pine, 
subalpine fir, and Engelmann spruce. 

Table A4-12, continued 

Species 

Threat 4 

 

Threat 5 

  

Score 

Threat Se
ve

rit
y 

Im
m
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e 

Threat Se
ve
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y 
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e 

Raw 
factor 
score4 

Scaled 
factor 
score 

Grand fir - white fir Western Spruce 
budworm 

3 3 9  Douglas-fir Tussock 
moth 

3 3 9  58 100 

Subalpine fir Western Spruce 
budworm 

1 2 2       44 72 

Douglas-fir Western Spruce 
budworm 

3 2 6  Douglas-fir Tussock 
moth 

1 3 3  42 68 

Whitebark pine             34 52 

Lodgepole pine              31 46 

Ponderosa pine Armillaria, 
Heterobasidion, 
and black stain  
root diseases 

1 3 3 

 

Ips bark beetle 1 3 3  30 44 

Quaking aspen Satin moth 1 2 2       27 38 

Engelmann spruce         
    21 26 

Western larch         
    18 20 

Western white pine         
    13 10 

Black cottonwood         
    12 8 

Western juniper        
    8 0 

4 Calculated by summing the five threat scores. Higher scores indicate greater vulnerability. 
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• The conifers characteristic of low-elevation, 
dry forests (ponderosa pine and western 
juniper) ranked lowest in overall vulnerability. 

• Many of the important commercial species 
including ponderosa pine, Douglas-fir, and 
western larch had vulnerability scores ranked 
in the lower half of species. The grand fir-
white fir complex ranked near the middle, 
with a score of 51. 

• Vulnerability of tree species generally 
increased with mean elevation of occurrences 
(fig. A4-6). The four species with the highest 
overall vulnerability scores had mean 
elevations greater than 5,400 ft (1,650 m). 
However, because mean FIA plot elevation is 
a variable in the habitat affinity risk factor 
(table A4-9), it clearly had some influence on 

species’ overall rankings. To determine how 
much influence the FIA plot elevation variable 
had on overall scores, we re-calculated the 
overall vulnerability scores with the FIA plot 
elevation variable removed from the habitat 
affinity risk factor. The result of this was very 
little change in species’ overall vulnerability 
scores or rankings (fig. A4-6). 

• For most species, scores were quite variable 
across the five risk factors. Four species had 
risk factor score ranges of 95 or greater 
(western white pine, western juniper, Douglas-
fir, and the grand fir-white fir complex). 

Results Based on Three Risk Factors 

After scoring species based on five equally weighted 
risk factors, we posed the following question: what if  

Table A4-13. Summary of five risk factor scores, and overall vulnerability scores, in a climate change vulnerability 
assessment of major eastern Oregon tree species 

Species 

Risk factor scores 

Overall score1 Distribution 
Reproductive 

capacity 
Habitat 
affinity 

Adaptive 
genetic 

variation 
Insects and 

disease 
Whitebark pine 82 80 58 100 52 74 

Subalpine fir 51 60 100 67 72 70 

Engelmann spruce 66 60 85 67 26 61 

Quaking aspen 71 100 44 33 38 57 

Western white pine 100 0 73 100 10 57 

Grand fir - white fir 25 60 5 67 100 51 

Lodgepole pine  33 20 15 100 46 43 

Douglas-fir 18 20 2 100 68 42 

Western larch 51 20 5 67 20 32 

Black cottonwood 75 20 23 33 8 32 

Western juniper 45 100 5 0 0 30 

Ponderosa pine 0 0 0 67 44 22 

1 Calculated by averaging the scores from the five risk factors, each with a range of 0 to 100. Higher scores indicate greater vulnerability. 
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Figure A4-6. Relationship between overall climate change vulnerability score and 
mean elevation of FIA plots on which each of the group 1 tree species occurred 
(top graph), and the same relationship shown with overall vulnerability scores 
recalculated without the elevation variable in the habitat risk factor (bottom 
graph) 
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high vulnerability scores in fewer than five risk factors 
were sufficient to make a species highly vulnerable to 
climate change? To answer this, we recalculated the 
overall vulnerability scores using only the three risk 
factors with the highest scores for each species. Thus, 
for whitebark pine, with factor scores of 82, 80, 58, 
100, and 52, the overall score was recalculated as the 
average of 82, 80, and 100. This new calculation was 
based on the assumption that three areas of high 
vulnerability would be sufficient to raise a species’ 
overall vulnerability to climate change. This differs 
from our five-factor calculation, which was designed 
to be as comprehensive as possible, under the 
assumption that we couldn’t confidently predict which 
specific risk factors will be most important in the 
future. The results of our three-factor calculations are 
shown in table A4-14. We noted several trends: 

• When using only the three highest-scoring risk 
factors for each species, only one of the 

species, western white pine, changed in 
ranking by more than two positions. 

• Western white pine changed by four positions 
under the three-factor analysis, increasing in 
ranking from fifth most vulnerable to most 
vulnerable (table A4-14). This increase was 
the result of dropping two factors for which 
western white pine had very low vulnerability 
scores: reproductive capacity (0) and insect 
and disease threats (10) (tables A4-8 and A4-
12). 

• Because rankings were generally similar 
whether we made the comprehensive analysis 
(all five risk factors) or the analysis that 
emphasized the three areas of greatest 
vulnerability (three-factor analysis), we have 
high confidence in our vulnerability 
assessment approach. 

Table A4-14. Overall climate change vulnerability rankings and scores for major eastern Oregon tree species, 
rankings and scores calculated with only the three highest-scoring risk factors, and the change in rank 
and score associated with the three-factor results1 

 Species rankings based on overall score  Overall vulnerability score 

Species 
Using all 5 

factors 

Using 3 
highest 
factors 

Change in 
rank 

 
Using all 5 

factors 

Using 3 
highest 
factors 

Increase in 
score using 3 

factors 
Western white pine 5 1 +4  57 91 34 

Whitebark pine 1 2 -1  74 87 13 

Subalpine fir 2 3 -1  70 80 10 

Grand fir - white fir 6 4 +2  51 76 24 

Engelmann spruce 3 5 -2  61 73 12 

Quaking aspen 4 6 -2  57 72 15 

Douglas-fir 8 7 +1  42 63 21 

Lodgepole pine 7 8 -1  43 60 17 

Western juniper 11 9 +2  30 50 20 

Western larch 9 10 -1  32 46 13 

Black cottonwood 10 11 -1  32 44 12 

Ponderosa pine 12 12 0  22 37 15 

1 Higher scores indicate greater vulnerability; a ranking of 1 = most vulnerable and a ranking of 12 = least vulnerable. 
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Forest Series 

Despite the differences in vulnerabilities among 
species, some management activities, such as long-
term monitoring, may be carried out more efficiently if 
applied simultaneously to multiple species. For 
example, plots for monitoring tree reproduction could 
be placed where multiple vulnerable tree species are 
co-occurring. To explore this possibility, we used 
forest series (also known as climax tree series or plant 
association series) to determine whether forest types 
contained trees of a similar level of vulnerability. If 
this were the case, then management activities could 
potentially be focused on the most vulnerable forests. 
A forest series is identified by the dominant overstory 
tree species present when a stand succeeds to a climax 
condition and includes all of the different 
combinations of overstory and understory vegetation 
that eventually succeed to this common climax 

condition. Although it may not be the ideal 
classification system, we chose to use forest series in 
this example because the forest series have been 
classified for all national forests in the region. We 
used the guides to plant associations that cover the 
three national forests in the study area (Johnson and 
Simon 1987, Johnson and Clausnitzer 1992). For each 
forest series, we list the major seral and climax canopy 
tree species, ranked by our overall climate change 
vulnerability scores (tables A4-15 and A4-16). 

The hot, dry low-elevation forests of eastern Oregon 
contain forest series with relatively few canopy tree 
species compared to the higher elevation forests 
(tables A4-15 and A4-16). These low-elevation forests 
are also characterized by tree species, such as 
ponderosa pine, western juniper, and Douglas-fir, with 
relatively low vulnerability scores. Given the low 
number of tree species and the consistently low 
vulnerability scores of the species in these low-

Table A4-15. Major canopy tree species in each climax tree series described for the Wallowa-Whitman 
National Forest (excluding the Blue Mountains, which are covered in table A4-16), ranked by climate 
change vulnerability score1 

Species 

Overall 
vulnerability 

score  

Climax tree series 

PIPO PSME ABGR ABLA TSME 
Whitebark pine2 74      

Subalpine fir 70    X X 

Engelmann spruce 61   X X X 

Quaking aspen2 57      

Western white pine2 57      

Grand fir - white fir 51   X X  

Lodgepole pine  43   X X X 

Douglas-fir  42  X X X  

Western larch 32   X X  

Black cottonwood2 32      

Western juniper2 30      

Ponderosa pine 22 X X X   

1 Climax tree series described by Johnson and Simon (1987); the subalpine ecosystems of the Wallowas are covered in Johnson 
and Clausnitzer (1992) and thus are part of table A4-16 rather than this table. Higher vulnerability scores indicate greater 
vulnerability. 
2 Not a species typically occurring in the overstory of the climax tree series described for the  Wallowa-Whitman National Forest by 
Johnson and Simon (1987). 
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elevation forests, our results support the idea that 
species composition of the forest series that occupy the 
hottest, driest forested sites would not change 
significantly under a warmer climate. However, if 
forested habitats at higher elevations also become 
drier, the current habitat of these higher-elevation 
forests may become too dry to support some of the 
present species. If some of these higher-elevation tree 
species suffer mortality either directly related to 
moisture deficit or through increased susceptibility to 
disturbance, they could potentially be replaced by 
more drought-tolerant lower-elevation tree species. 

The forest series of the mid- to high-elevation forests 
contain tree species with a broad range of vulnerability 
scores. This reflects not only the number of tree 
species that may occur at a given location but also the 
diversity of plant associations within each forest 

series. But even at the relatively broad scale of forest 
series, it is evident that series on the mid- to high-
elevation sites (e.g., the grand fir, subalpine fir, and 
mountain hemlock climax tree series) contained more 
of the high-vulnerability tree species than the forest 
series on lower-elevation, drier sites (e.g., western 
juniper and ponderosa pine series).  

Given the potential for a broad range of vulnerability 
scores within a single forest series, it is clear that, at 
least in this study area, a finer-scale vegetation 
classification approach would be preferable. However, 
the species vulnerability scores produced by this 
assessment could readily be applied to other vegetation 
classification systems, including those that have been 
developed at a subregional scale. For the Blue 
Mountains, the mid-scale potential vegetation 
hierarchy currently in use may be a more appropriate 

Table A4-16. Major canopy tree species in each climax tree series described for the Blue and Ochoco 
Mountains (including the Malheur, Umatilla, and Wallowa-Whitman National Forests but excluding the 
Wallowa-Snake Province which is covered in table A4-15), ranked by climate change vulnerability score1 

Species 

Overall 
vulnerability 

score  

Climax tree series 

JUOC PIPO PSME ABGR ABLA 
Whitebark pine 74     X 

Subalpine fir 70     X 

Engelmann spruce 61    X X 

Quaking aspen2 45      

Western white pine 57    X  

Grand fir - white fir 51    X  

Lodgepole pine  43    X X 

Douglas-fir  42   X X X 

Western larch 32   X X X 

Black cottonwood2 32      

Western juniper 30 X X    

Ponderosa pine 22  X X X  

1 Climax tree series described by Johnson and Clausnitzer (1992). Higher vulnerability scores indicate greater vulnerability. 
2 Not a species typically occurring in the overstory of the climax tree series described for the  Wallowa-Whitman National Forest by 
Johnson and Clausnitzer (1992). 
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alternative (Powell et al. 2007). That system 
incorporates a matrix of temperature and moisture 
regimes into which each potential vegetation type can 
be classified. Using the temperature-moisture matrix, 
one could determine in which cells of the matrix the 
most at-risk tree species occur. 

The specific changes in forest canopy composition that 
could result from climate change are complex and 
beyond the scope of this analysis. In some cases, the 
proportion of the forest canopy occupied by a tree 
species with an existing vulnerability, such as a major 
insect threat, is likely to decline, allowing other tree 
species, or perhaps regeneration of the same species, 
to take its place. But in many forest types, it is not yet 
clear which climate-related impacts will have the 
greatest effects and at what point these impacts will 
affect each species. Furthermore, it is difficult to 
predict the dynamics of forest canopy change under a 
future climatic regime that is still uncertain. Owing to 
these multiple levels of uncertainty, management 
decisions made at this time should be designed to 
maintain forest resiliency and biodiversity under a 
wide range of future conditions. 

Conclusions of the Group 1 
Assessment 

The group 1 vulnerability assessment was designed to 
determine the relative climate change vulnerability of 
major forest tree species. This information is important 
for prioritizing management activities and focusing 
limited resources on the most vulnerable species. 
However, the results should not be interpreted too 
narrowly. For example, a species with an overall 
vulnerability score of 61 may not, for practical 
purposes, be more vulnerable to climate change than a 
species with an overall score of 57; there is no 
statistical significance associated with these scores. 
Emphasis should instead be placed on general patterns 
in species rankings, large differences in scores, and 
most importantly, the underlying reasons for 
vulnerability (e.g., risks at higher elevations or 
exacerbated insect threats). In taking this broader 

view, the information that was compiled and organized 
to conduct the analysis (e.g., tables A4-7 through A4-
9, A4-11, and A4-12; appendices 7 and 8) may be as 
important as the scores themselves. Centralizing this 
information provided a framework for evaluating and 
comparing the importance of a wide variety of life 
history traits, threats, and other characteristics across 
many tree species. 

As found in our previous vulnerability assessment of 
western Washington (Aubry et al. 2011), our results 
suggest that high-elevation tree species are generally at 
greatest relative risk, and therefore should be a focus 
of conservation and monitoring. Evaluation of tree 
species by forest series confirmed this pattern: the 
forest series that included the most vulnerable species 
were the higher-elevation series. Our finding of high 
vulnerability of high-elevation tree species supports 
the conclusions of a recent publication on federally 
managed Pacific Northwest forests under a changing 
climate (Spies et al. 2010). The high overall 
vulnerability scores that these species received were a 
result of many different factors, not simply the fact 
that less habitat is available at the highest forested 
elevations. Factors such as genetics, reproductive 
capacity, and insect and disease threats also put these 
higher-elevation tree species at risk under a changing 
climate. Actions to mitigate potential effects of climate 
change on these high-elevation species must consider 
the multiple vulnerabilities of each tree species and 
may use these risk factors and variables as a starting 
point. Specific action items for the national forests of 
eastern Oregon are outlined in the Recommendations 
section of this report. 

Based on their high levels of vulnerability, planting of 
high-elevation tree species may become increasingly 
important in the future. Models of future high-
elevation forest types project significant shifts in 
suitable habitat during the 21st century (e.g., Coops 
and Waring 2011, Monserud et al. 2008). For the Blue 
Mountains, the species most often planted in recent 
years are those occurring primarily at mid to low 
elevations such as ponderosa pine, western larch, and 
Douglas-fir. If shifts in forest habitat at higher 
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elevations result in widespread tree mortality, seedling 
production and planting of high-elevation tree species 
may become an important management option. Such 
activities will require an assessment of seed 
availability and creation of an appropriate seed bank 
for highly vulnerable tree species. 

Thinning of forest stands will likely continue to be an 
important management tool in preparing for the 
potential effects of climate change, specifically 
vulnerabilities to uncharacteristic wildfire and insect 
outbreaks. Thinning, either mechanically or through 
prescribed fire, was one of the primary tools identified 
by managers to promote forest stand vigor and 
resiliency to climate change in eastern Washington 
(Gaines et al. 2010). For example, thinning of dense 
stands can alleviate drought stress by reducing 
competition for water among residual trees; this could 
be particularly beneficial given anticipated future 
increases in summer drought. 

The potential impact of climate change presented here 
is just one of a number of considerations when 
planning the restoration and conservation of a 
particular tree species. For example, a look beyond the 
vulnerability rankings is necessary in the case of 
western white pine. Although the insects and disease 
risk factor score for this species was only 10, mortality 
has been very high due to the introduced pathogen 
Cronartium ribicola, which causes white pine blister 
rust (Kinloch 2003). The decreased vigor caused by 
this disease could also significantly 
increase this tree species’ overall 
susceptibility to other climate 
change effects. National forests 
continue to screen western white 
pine trees to find rust-resistant 
families and to develop and 
maintain orchards for the 
production of rust-resistant seed 
(Sniezko 2006). This work is 
critical for the restoration of 
western white pine across the 
landscape. Thus, a relatively low 
risk factor score for this tree species 

is not indicative of all present threats to the species—
threats that would be significant even in the absence of 
climate change—or the degree to which conservation 
and restoration is needed. 

VULNERABILITY OF GROUP 2 
TREE SPECIES 
Group 2 includes 12 tree species that are not 
significant components of the forest canopy, owing to 
small size or because they typically occur as scattered 
individuals or components of the mid-story rather than 
the forest overstory. Because many of the group 2 tree 
species have not been studied as thoroughly as the 
group 1 species, available information was often 
insufficient to perform a quantitative vulnerability 
assessment as we did with the group 1 species. Here, 
we review habitat and reproductive aspects of group 2 
tree species that may influence their vulnerability to 
changes in climate. 

Shade and Drought Tolerance 

The tree species of group 2 vary widely in habitat 
requirements and habitat specificity. In table A4-17, 
the group 2 species are organized according to drought 
and shade tolerances. Among these tree species, the 
six species of low shade tolerance are most likely to 

Table A4-17. Shade tolerance and drought tolerance of group 2 tree 
species 

Drought 
tolerance 

Shade tolerance 

Low Medium High 
Low Pacific willow 

Peachleaf willow 

Red alder 

White alder 

 Water birch 

Medium Scouler’s willow Cascara 

Rocky Mountain 
maple 

Bitter cherry 

Pacific yew 

Paper birch 

High Netleaf hackberry   
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establish as early successional species after 
disturbance (e.g., floods, fire, harvest) or on very wet 
or very dry sites where few other trees occur. Pacific 
and peachleaf willow and red and white alder tolerate 
wet soils and periodic flooding, while netleaf 
hackberry is capable of establishing on very dry or 
rocky sites. Scouler’s willow occurs on wet sites and 
drier upland sites. 

The three group 2 species of medium shade tolerance 
may occur in locations partially shaded by the forest 
canopy, although their growth and reproductive rates 
are generally better under full sunlight. These species 
may establish at forest edges, following disturbance, or 
in canopy gaps.  

Within the group 2 species, only Pacific yew, water 
birch, and paper birch are classified as shade-tolerant. 
Pacific yew occurs on a wide range of sites, in full 
sunlight or in the shade of a conifer overstory. The 
species is unique among conifers in the region, in that 
it is well-adapted to growing and reproducing under 

full shade. In northern California, Pacific yew was 
found to become increasingly common in older conifer 
stands, where stand-replacing fires were rare (Scher 
and Jimerson 1989). Water birch and paper birch occur 
most frequently on moist, riparian sites. 

Reproduction 

The group 2 species can be divided into four groups 
based on seed type and dispersal mechanism (table 
A4-18), although detailed information on attributes 
such as dispersal distance and level of seed production 
is unavailable for many of these species. The three 
willow species produce substantial numbers of very 
small, light seeds bearing fine hairs; these seeds are 
capable of traveling long distances via wind or water. 
The alder and birch species produce small, winged 
seeds that likely fall within several hundred yards of 
the parent tree. Rocky Mountain maple produces 
relatively large, winged seeds that are primarily 

dispersed by wind. 
Dispersal distance 
of these seeds is 
apparently limited 
unless they are 
carried by strong 
winds or 
transported by 
animals. The fourth 
species group is 
defined by the fact 
that its seed is 
dispersed primarily 
by animals. Seeds 
of these four 
species often are 
cached or dropped 
within several 
hundred yards of 
the parent tree, but 
there is potential 
for the seed to be 
transported great 

Table A4-18. Reproductive characteristics of group 2 tree species  

Species 
Pollination 

vector 
Seed type and 

dispersal 

Primary seed 
dissemination 

vector 
Pacific willow Insect Abundant, very small 

seeds; may be 
dispersed miles 

(kilometers) 

Wind and water 

 

 
Scouler’s willow Insect 

Peachleaf willow Insect 

Red alder  Wind Small, winged seeds; 
typically dispersed 

several hundred yards 

Wind and water 

White alder Wind 

Paper birch Wind 

Water birch Wind 

Rocky Mountain maple Insect, wind Large, heavy seeds; 
probably limited 

dispersal distance 

Wind; animal 
vectors of lesser 

importance 

Bitter cherry 

 

Insect Seed type varies; may 
occasionally be 

dispersed miles (km) 
depending on vector 

Birds and small 
mammals 

Cascara 

 

Insect 

Pacific yew 

 

Wind 

Netleaf hackberry Wind 
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distances. Of the group 2 species, approximately half 
are insect-pollinated. 

All group 2 tree species are capable of reproducing 
both vegetatively and sexually. In many types of 
vegetative reproduction, a developed root system 
already exists, potentially facilitating rapid growth in 
the initial months and years following a disturbance. 
Forms of vegetative reproduction among various 
group 2 species include stump sprouts, root collar (i.e., 
the base of the stem) sprouts, root sprouts, and 
layering (i.e., sprouting of branches that have sagged 
and contacted the soil). However, vegetative 
reproduction originating from stump or root sprouts or 
layering does not provide the potential for propagule 
dispersal, as does sexual reproduction. This 
substantially limits colonization of new habitat created 
by stand-replacing disturbance. Furthermore, 
vegetative reproduction is clonal and thus does not 
create the variety of genotypes that are produced by 
sexual reproduction. For this reason, vegetative 
reproduction does not facilitate genetic adaptation to a 
changing environment. 

Implications for Climate Change 

Most of the group 2 tree species occur on sites with 
extreme moisture regimes (i.e., flooding or drought) or 
as understory components of multiple forest types. 
Given conditions of increased summer moisture 
deficit, the group 2 tree species that are highly 
drought-tolerant may become more competitive in 
areas presently dominated by less drought-tolerant tree 
species. However, under these climate projections, the 
same drought-tolerant group 2 species also may lose 
suitable habitat on sites that are already marginal 
owing to lack of moisture. The group 2 species that 
often colonize disturbed sites near streams and rivers 
(willows, alders, and birches) may have increased 
opportunities for establishment under projected 
climate scenarios in which seasonal snowmelt and 
precipitation patterns increase major flood events, 
which would potentially create habitat. 

Tree species that interact with animals to facilitate 
their reproduction are vulnerable to climate change 
because any change in the animal’s behavior or 
distribution could affect the tree species’ reproduction, 
as noted in our vulnerability assessment of group 1 
species, specifically the dependence of whitebark pine 
on a single bird species, Clark’s nutcracker, for 
primary seed dispersal (Lorenz and Sullivan 2009). 
Although many of the group 2 species are insect-
pollinated or produce seed that is dispersed by 
animals, vulnerability to climate change is likely to 
differ among these tree species based on their number 
of animal associates and the specificity of the 
relationships. Most insect-pollinated plant species 
have multiple pollinator species, sometimes 30 or 
more (Kearns et al. 1998, Waser et al. 1996). 
Similarly, plants producing animal-dispersed seed 
have multiple species providing dispersal vectors 
(Herrera 1985). While it is likely that pollination- and 
seed dispersal-related vulnerabilities to climate change 
are lower for tree species associated with a large 
number of species of pollinators or seed dispersers, 
these associations are not well-documented for most of 
the group 2 tree species. Therefore, if reproductive 
limitations emerge for any group 2 species based on 
pollen or seed vectors, these changes should be 
investigated to determine causes and potential 
mitigation measures. 

VULNERABILITY OF GROUP 3 
TREE SPECIES 
Group 3 consists of four tree species determined to be 
rare within the eastern Oregon study area: Alaska 
yellow-cedar, Rocky Mountain juniper, limber pine, 
and mountain hemlock (table A4-19). These four 
species are each represented in eastern Oregon by 
populations that are separated from the main parts of 
the species’ distributions. These separations likely 
resulted from a combination of topography and long-
term shifts in climate. 

A single population of Alaska yellow-cedar occurs in 
eastern Oregon; it is located in the Cedar Grove 
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Botanical Area on the Malheur National Forest. This 
population is likely a relic of a time (probably late 
Pleistocene) when cooler, moisture conditions 
prevailed in the region and Alaska yellow-cedar 
occurred across a much greater area. Since the last 
glaciation, warm temperatures reduced the species’ 
presence in our eastern Oregon study area to this 
single location, where springs and seeps have supplied 
a dependable source of moisture. A low-intensity fire 
in 2006 caused significant mortality among the larger 
trees in this population. Although regeneration of 
Alaska yellow-cedar is present on the site, these young 
trees will need to persist under competition from other 
species until Alaska yellow-cedar again becomes 
prevalent in the overstory. An analysis of fire history 
in this stand has shown that the species has survived 
fires in the past (Frenkel 1972). The long-term 

persistence of Alaska yellow-cedar on this site implies 
that the water source persisted through past variations 
in climate; this availability of water will certainly be 
important to this population’s future persistence as 
well. 

A disjunct population of Rocky Mountain juniper 
occurs on the Wallowa-Whitman National Forest. A 
recent study indicated that this population is more 
similar to Rocky Mountain juniper in British Columbia 
and eastern Washington than to that in the central 
Rocky Mountains (Adams 2011). The author 
suggested that the Wallowa population may represent 
a glacial refugium that recolonized the more northern 
populations. The overall distribution of Rocky 
Mountain juniper is extensive but highly fragmented. 
Compared to western juniper, it is less drought-

Table A4-19. Summary of potential climate change vulnerabilities of group 3 species 

Species 
Potential vulnerabilities to projected  

changes in climate Other notes 
Alaska yellow-cedar This isolated population (26 acres) has survived for 

thousands of years as a result of abundant soil 
moisture from springs and seeps. At present the 
population is in a period of decline following a 2006 
burn; however, this population, including the largest 
trees, has survived fire in the past (Frenkel 1974). 
This species’ capacity to regenerate and compete 
with other tree species in the stand is dependent on 
the site’s hydrologic regime. 

A high level of mortality of Alaska yellow-
cedar occurred throughout this population 
since a low-intensity understory burn in 
2006; other tree species did not incur 
mortality, and thus may provide a high level 
of competition for the surviving and 
regenerating Alaska yellow-cedar. 

Rocky Mountain 
juniper 

Disjunct populations occur in eastern Oregon. It is 
possible that these populations of Rocky Mountain 
juniper represent a glacial refugium that later 
recolonized more northern areas (Adams 2011); 
thus, there may be genetic differences between the 
eastern Oregon trees and the broader Rocky 
Mountain distribution. 

Most often occurs near rivers in eastern 
Oregon.  

Limber pine Distribution is highly discontinuous, making 
individual populations vulnerable to disturbance or 
environmental shifts. The combination of drought 
with white pine blister rust and mountain pine beetle 
infestations is the greatest climate-related threat. 

Research is underway to find white pine 
blister rust resistance in limber pine. 

Mountain hemlock A disjunct population occurs in Eagle Cap 
Wilderness on the Wallowa-Whitman National 
Forest. Here, mountain hemlock is favored by lack 
of fire. Stand-replacing fire would return the forest 
canopy composition to lodgepole pine. 
Regeneration of mountain hemlock in some areas is 
favored by warm, moist growing season conditions 
(Taylor 1995). 

Reductions in snowpack and warmer 
temperatures would increase growth, but 
summer drought stress may decrease 
growth (Peterson and Peterson 2001). 
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tolerant. Warming since the last ice age has reduced 
the extent of Rocky Mountain juniper’s distribution 
and caused it to retreat to moister sites in many areas 
(Noble 1990). Although it is relative drought-tolerant, 
climate change effects on Rocky Mountain juniper in 
eastern Oregon are unclear because interactions with 
co-occurring species are unknown. Several insect 
threats, including bark beetles, have been reported on 
the eastern Oregon population; however, impacts are 
presently minor. 

The distribution of limber pine is highly discontinuous 
throughout its range. Thus, relatively small individual 
populations, such as the relict populations occurring 
on the Wallowa-Whitman National Forest, may be 
particularly vulnerable to shifts in climate or 
disturbance owing to their disjunct nature. Limber pine 
is impacted by white pine blister rust and by mountain 
pine beetle. Furthermore, drought may exacerbate the 
effects of insect and disease injury. 

A disjunct mountain hemlock population is located in 
the Eagle Cap Wilderness on the Wallowa-Whitman 
National Forest. This population of mountain hemlock 
is favored by a lack of fire; a stand-replacing fire here 
would likely favor lodgepole pine. Growth of 
mountain hemlock is improved by longer, warmer 
growing seasons, but when summer drought stress is 
severe, growth rates are reduced (Peterson and 
Peterson 2001). No significant insect or disease threats 
have been reported for mountain hemlock in this area.  
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GENE CONSERVATION 
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INTRODUCTION 
Genetic diversity within and among populations is 
important for a number of reasons, and its 
conservation has become a priority for many species. 
Genetic diversity provides the raw material for 
adapting to changing environments; therefore, 
conservation of genetic diversity protects a 
population’s evolutionary potential, which may be 
especially important under climate change or 
increasing pressures from insects and diseases. Gene 
conservation refers to the tools used to protect and 
maintain genetic diversity. Gene conservation can be 
ex situ, meaning that resources are maintained “off 
site” or outside of a species’ native range (e.g., seed 
banks, seed orchards, off-site plantings); or in situ, 
meaning that resources are maintained “on site” or 
within the native range or source of the population 
(e.g., parks, preserves, and unmanaged lands). 

EX SITU GENETIC RESOURCES 

Seed Orchards 

Tree seed orchards in eastern Oregon provide an 
excellent resource for ex situ gene conservation for a 
limited number of species. This resource is shown by 
orchard and species for the three national forests in 
tables A4-20 through A4-22. 

Seed Storage 

Seed storage for the national forests in eastern Oregon 
is maintained at two facilities. Bulked reforestation 
seed lots, which include seed from multiple parent 
trees, are stored at the Bend Seed Extractory in Bend, 
Oregon. Of the group 1 species, bulk seedlots are 
available for all species with the following exceptions: 

• The Malheur National Forest lacks subalpine 
fir, Rocky Mountain juniper, and mountain 
hemlock (limber pine is not present on the 
forest); 

• The Wallowa-Whitman National Forest lacks 
grand fir - white fir, subalpine fir, Rocky 
Mountain juniper, and limber pine (Alaska 
yellow-cedar is not present on the forest). 

Across all species on all forests, more than 13,800 lbs 
(6,270 kg) of seed are currently in storage. However, 
much of this seed is more than 10-15 years of age and 
of questionable viability. The seed should be tested 
and unusable seed removed from the inventory. 

Select tree seedlots, which are seed from a single, 
source-identified tree usually with some desirable 
qualities, are maintained at the Dorena Genetic 
Resources Center in Cottage Grove, Oregon (table A4-
23). As with the bulk seedlots, many of these select 
tree seedlots are old, and viability testing is needed to 
assess their condition. 

  

Table A4-20. Ex situ genetic resources in seed orchards on the Malheur National Forest 

Orchard name Species Breeding zone 
Orchard area 

(ac) 
Families in 

orchard (no.) 
Blue Mountain Douglas-fir 04085-01 14 105 
Frazier Douglas-fir 04076-01 7 136 
 Ponderosa pine 04075-01 14 181 
Parish Cabin Ponderosa pine 04065-01 10 378 
  04066-01 5 97 
  04076-01 7 176 
Silvies Ponderosa pine 04045-01 11 145 
Austin Ponderosa pine 04084-01 7 112 
  04085-01 13 274 

TOTAL   88 1,604 
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Table A4-21. Ex situ genetic resources in seed orchards on the Umatilla National Forest 

Orchard name Species Breeding zone 
Orchard area 

(ac) 
Families in 

orchard (no.) 
Dugout Douglas-fir 14014-01 5.3 110 
 Ponderosa pine 14014-01 5.5 127 
  16034-01 7 90 
Fry Creek Douglas-fir 14064-01 10.5 173 
 Ponderosa pine 14064-01 11 172 
Mallory Douglas-fir 14024-01 2.7 49 
  14025-01 5.8 149 
 Ponderosa pine 14024-01 9.8 158 
  14025-01 7.4 131 
 Western larch 14024-01 2.6 51 
  14025-01 5.6 94 
Stevens Ridge Ponderosa pine 14044-01 2.3 46 
  14045-01 3.4 60 
TOTAL   78.8 1,410 

  

 

 
Table A4-22. Ex situ genetic resources in seed orchards on the Wallowa-Whitman National 

Forest  

Orchard name Species Breeding zone 
Orchard area 

(ac) 
Families in 

orchard (no.) 
Black Mountain Douglas-fir 16016-01 7 94 
 Ponderosa pine 16016-01 7 55 
Forshey Douglas-fir 16044-01 7 102 
 Ponderosa pine 16044-01 7 101 
Frog Heaven Douglas-fir 14015-01 11 108 
  16035-01 7 141 
 Ponderosa pine 14015-01 12 119 
  16035-01 12 137 
 Western larch 16035/036-01 11 167 
  14015/016-01 12 142 
Kuhn Ridge Douglas-fir 16054-01 7 98 
  16055-01 12 180 
 Ponderosa pine 16054-01 7 98 
  16055-01 12 227 
 Western larch 16055-01 7 86 
Paddy Flat Douglas-fir 16045-01 12 192 
 Ponderosa pine 16045-01 12 147 
 Western larch 16045-01 7 100 
Yellow Pine Douglas-fir 16015-01 12 190 
 Ponderosa pine 16014-01 7 73 
  16015-01 12 197 
TOTAL   200 2,754 
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IN SITU GENETIC RESOURCES 
There are extensive areas of protected habitat in 
eastern Oregon that serve as reserves of in situ genetic 
resources. On National Forest System lands, more than 
1,980,000 acres (802,000 ha) are set aside in 
congressionally designated wilderness areas. Other 
protected areas include research natural areas and late 
successional reserves administered by the U.S. Forest 
Service. 

 

  

Table A4-23. Ex situ genetic resources in single-tree seedlots in 
storage at the Dorena Genetic Resources Center 

National forest Species Seed lots (no.) 
Malheur Whitebark pine 88 
 Alaska yellow-cedar 1 
 Western larch 158 
 Lodgepole pine 45 
 Western white pine 133 
 Ponderosa pine 3,660 
 Douglas-fir 1,246 
Umatilla Grand fir 66 

Western larch 340 
 Engelmann spruce 80 
 Whitebark pine 68 
 Western white pine 89 
 Ponderosa pine 2,154 
 Douglas-fir 1,034 
Wallowa-Whitman White fir 1 
 Grand fir 5 
 Western larch 671 
 Engelmann spruce 33 
 Whitebark pine 46 
 Lodgepole pine 10 
 Western white pine 46 
 Ponderosa pine 3,079 
 Douglas-fir 2,045 
TOTAL  15,098 
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RECOMMENDATIONS                                                    
AND ACTION ITEMS 
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The recommendations and action items developed 
during the course of this project fall into three 
categories: 

1. Learn about and track changes in plant 
communities as the climate changes. Collect 
baseline data where needed. Monitor the 
impacts of a warming climate on the 
distribution and health of forest tree species. 
Look for triggers, such as an increase in the 
frequency of large-scale disturbance, that will 
indicate a need for a change in management 
approach. 

2. Maintain and increase biodiversity and 
increase resiliency. Focus on increasing stand 
diversity of native forest trees through 
thinning and planting. Increase disease 
resistance. Preserve genetic diversity, 
especially of isolated populations, and 

implement ex situ gene conservation where 
appropriate. 

3. Prepare for the future. Given uncertainty 
about how climate changes will unfold, a 
number of future scenarios are possible. Select 
activities that will work under a variety of 
scenarios including a potential increase in 
disturbances such as fires, wind storms, and 
floods, which could be followed by greater 
spread of invasive plant species. 

Based on the findings of our analysis, we created 
action items for the eastern Oregon national forests 
(table A4-24). Recommendations and action items are 
focused on present conditions with the assumption that 
existing policy and law will continue to guide land 
managers over the next few years. 

 

 

 

Table A4-24. Action items for the Malheur, Umatilla, and Wallowa-Whitman National Forests, based on the results of 
a climate change vulnerability assessment1 

No. Action 

 1. Learn about and track changes in plant communities as the climate changes 

1A CONTINUE AND EXPAND THE HEATH AND CONDITION SURVEYS AND MAPPING PROGRAM FOR WHITEBARK PINE. This effort 
should include a refinement of the existing state-wide GIS layer of whitebark pine occurrences. Readily accessible 
data on whitebark pine’s present distribution are essential for monitoring and managing the species under climate 
change and pathogen threats. 

1B CONTINUE AND EXPAND HEALTH AND CONDITION SURVEYS AND A MAPPING PROGRAM FOR QUAKING ASPEN. Reach out to 
collaborators and interested stakeholders (Umatilla, Warm Springs, and Nez Perce tribes; Oregon Department of 
Forestry; Washington Department of Natural Resources; U.S. Fish & Wildlife Service; and others) to develop 
partnerships in this effort. 

1C DEVELOP A CONSERVATION AND MONITORING PLAN FOR ALASKA YELLOW-CEDAR, WHICH IS LIMITED TO A SINGLE POPULATION IN 

THE CEDAR GROVE BOTANIC AREA ON THE MALHEUR NATIONAL FOREST, AND FOR LIMBER PINE, WHICH IS FOUND ON AT LEAST 

THREE SITES ON THE WALLOWA-WHITMAN NATIONAL FOREST. 

1D ESTABLISH PERMANENTS PLOTS IN THE EAGLE CAP WILDERNESS ON THE WALLOWA-WHITMAN NATIONAL FOREST TO RECORD 

AND EVALUATE THE IMPACTS OF CLIMATE CHANGE ON HIGH ELEVATION SPECIES AND ON SPECIES WITH LIMITED DISTRIBUTIONS. 
The higher vulnerability tree species of eastern Oregon—whitebark pine, subalpine fir, Engelmann spruce, and 
western white pine—all had mean elevations greater than 5,400 ft. Three of the four rare species, limber pine, 
Rocky Mountain juniper, and mountain hemlock, are limited to the area in and around the Eagle Cap Wilderness. It 
would be most efficient to establish permanent plots to monitor climate-related changes in tree growth, survival, 
and reproduction where these species co-occur. Permanent plots have been installed by Forest Health Protection 
in this area to monitor whitebark pine. It may be possible to combine these two efforts and to use some of the 
network already in place. 
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Table A4-24, continued 
No. Action 

1E MONITOR VEGETATIVE AND REPRODUCTIVE PHENOLOGY FOR ONE OR MORE SPECIES ESTABLISHED IN SEED ORCHARDS IN 

EASTERN OREGON: PONDEROSA PINE, DOUGLAS-FIR, AND WESTERN LARCH. Timing of phenology is closely linked to 
climate, and collecting data on annual phenology and microclimate will allow us to determine how trees are 
responding to annual climate variation. A pilot program was established in 2011 in the Dennie Ahl Seed Orchard, 
Olympic National Forest, to develop protocols to monitor phenology of conifers in seed orchards in the Pacific 
Northwest in partnership with Dr. Constance Harrington of Pacific Northwest Research Station and the WDNR.  

2. Maintain and enhance biodiversity and increase resiliency 

2A CONTINUE THE NATIONAL FORESTS’ THINNING PROGRAMS AND MODIFY WHERE NECESSARY. This will achieve: (1) the 
promotion of greater biodiversity by increasing the proportion of less abundant conifer and hardwood tree species, 
(2) the development of understory vegetation, (3) enhancement of the habitat value provided by forest stands, and 
(4) increased stand resistance and resiliency to disturbances, including fire and insect outbreaks, and 
environmental stressors, such as drought. Institute a monitoring program to determine if these goals are being met.  

2B CONTINUE TO INCLUDE A VARIETY OF TREE SPECIES IN PLANTING PRESCRIPTIONS, WITH AN EMPHASIS ON UNDER-REPRESENTED 

TREE SPECIES. Institute a monitoring program to determine if reforestation prescriptions include appropriate 
specifications for improving future resiliency and resistance to impacts of climate change. 

2C EXPAND GENE CONSERVATION COLLECTIONS. Seed from rare species and disjunct populations should be collected for 
long-term ex situ gene conservation. These efforts are already underway for whitebark pine, but to date no 
collections have been made for other species. Seed should be collected and sent to the USDA Agricultural 
Research Service National Center for Germplasm Preservation in Ft. Collins, CO.  

2D ESTABLISH A SEED ORCHARD FOR THE PRODUCTION OF RUST RESISTANT WESTERN WHITE PINE SEED. Although trees have 
been tested for resistance, seed is still being collected from tested parent trees in forest stands. A seed orchard 
would provide the highest level of rust resistance, be the most efficient means of producing seed, and act as an ex 
situ gene conservation area. A common garden test (Campbell and Sugano 1989) indicated that one seed zone is 
sufficient for the Blue Mountains; sources across the three forests can be combined into a single seed orchard.  

3. Prepare for the future 

3A FORM PARTNERSHIPS WITH OTHER LAND MANAGERS IN EASTERN OREGON TO CREATE A VIRTUAL COOPERATIVE TREE SEED 

BANK. This would increase the likelihood that appropriate seed will be available for reforestation after large-scale 
disturbances such as fire or insect outbreaks. Landowners can maintain their own seed inventories, but enter in 
cooperative agreements to share seed in the event of a major disturbance. As a first step, Forest Service personnel 
should form a partnership with silviculturists, geneticists, and seed managers from Oregon Department of Forestry 
and Bureau of Land Management to develop an approach for sharing information and seed. 

3B MAINTAIN AN INVENTORY OF HIGH-QUALITY SEED FOR TREE SPECIES THAT ARE LIKELY TO BE NEEDED OVER THE NEXT 20 YEARS. 
Place a priority on species that can be planted after disturbance. Accomplish this through the following steps: 
• Assess the viability of seed stored at the Forest Service storage facility at the Bend Seed Extractory; 
• Retest viability as needed; 
• Discard non-viable seed; 
• Update Seed Procurement Plans to include new and replacement collections. 

3C MAINTAIN AREA SEED ORCHARDS, WHICH SERVE AS GENE CONSERVATION AREAS AND ARE THE NATIONAL FORESTS’ MOST 

EFFICIENT SOURCE OF HIGH QUALITY TREE SEED. 
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Table A4-24, continued 
No. Action 

3D ESTABLISH ADDITIONAL SEED ORCHARDS, SEED-COLLECTION STANDS, OR SEED-PRODUCTION AREAS FOR SPECIES AND 

ELEVATIONS FOR WHICH ADDITIONAL SEED SUPPLIES WILL BE NEEDED IN THE FUTURE. The selection of seed production 
methods will depend on tree species, life history, and funding availability. 

3E ASSESS SEED VIABILITY OF INDIVIDUAL SELECTED TREE SEED LOTS IN STORAGE. The three national forests in eastern 
Oregon have 15,098 single tree seedlots from selected trees in storage at the Dorena Genetic Resources Center. 
Many of these seedlots have been in storage for one or more decades, and their viability is unknown. Viability 
testing is expensive and time-consuming so it is impractical to test every seed lot. Geneticists and silviculturists 
should jointly develop a prioritized list of seedlots for viability testing. Priority for testing should be based on several 
factors, including: (1) climate change vulnerability rank of the species, (2) initial (or subsequent) viability test 
results, (3) age of seed, and (4) amount of seed available. Top priority should be given to highly vulnerable species, 
seedlots with low initial viability, older seed, and lots with a large amount of seed available. 

1Unless noted otherwise, action items apply to all national forests. 
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SUPPLEMENT A4S1:  
FIA PLOT OCCURRENCES USED IN 

VULNERABILITY ASSESSMENT 
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Table A4S1-1. List of maps showing distributions of FIA plots that were used in the vulnerability 
assessment of group 1 tree species 

Scientific name Common name Symbol Page 
Abies grandis - A. concolor Grand fir - white fir ABGR - ABCO A4-67 

Abies lasiocarpa Subalpine fir ABLA A4-67 

Juniperus occidentalis Western juniper JUOC A4-68 

Larix occidentalis Western larch LAOC A4-67 

Picea engelmannii Engelmann spruce PIEN A4-67 

Pinus albicaulis Whitebark pine PIAL A4-69 

Pinus contorta Lodgepole pine PICO A4-69 

Pinus monticola Western white pine PIMO3 A4-69 

Pinus ponderosa Ponderosa pine PIPO A4-69 

Populus balsamifera ssp. trichocarpa Black cottonwood POBAT 1 

Populus tremuloides Quaking aspen POTR5 A4-68 

Pseudotsuga menziesii var. glauca Douglas-fir PSME A4-68 

Note: additional information on species and nomenclature appears in table A4-2. 
1 Does not occur on any FIA plots; thus, map is not shown. 
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INTRODUCTION 
Climate change projections for the Pacific Northwest 
include year-round warming and potentially increased 
winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009). The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). However, there is a 
limited amount of information on climatic tolerance 
for many tree species and even less information on 
what complex interactions could result from 
ecosystem-wide exposure to a changing environment. 

   

OUR GOAL 
The goals of this analysis are to conduct a climate 
change vulnerability assessment of forest tree species 
and propose practical management actions that will 
work under a variety of future climate scenarios and 
can be implemented by the national forests in central 
Oregon in cooperation with other land managers. 

OBJECTIVES 
The specific objectives of this analysis are to: 

1. Assess the relative vulnerability of forest tree 
species to projected climate changes.  

2. Recommend actions that will improve 
understanding of changes taking place among tree 
species, maintain and increase biodiversity and 
increase resiliency, and prepare for an uncertain 
future. 

3. Collaborate in the implementation of these actions 
with other land managers in central Oregon. 
 

FORESTS OF CENTRAL OREGON 
The central Oregon study area comprises a portion of 
the state east of the Cascade Range crest that includes 
the Deschutes and Ochoco and Fremont-Winema 
National Forests and a buffer surrounding these forests 
(map at top of next page). The study area comprises 8 
million ac (3 million ha) and the national forests 
within it comprise a total of 5.6 million ac (2.2 million 
ha). Approximately 8 and 4 percent, respectively, of 
the Deschutes and Ochoco and the Fremont-Winema 
National Forests are designated wilderness areas. 

Vegetation management on central Oregon’s national 
forests is conducted to meet a wide variety of 
objectives designed to diversify and improve forest 
structure. During 2008 through 2010, more than 
18,000 ac (7,300  ha) were commercially thinned 
annually on these forests, combined. Precommercial 
thinning averaged nearly 35,000 ac (14,100 ha) 
annually during this period. Approximately 5,900 ac 
(2,900 ha) were planted annually. On the Deschutes 
National Forest, the majority of seedlings planted were 
ponderosa pine, Douglas-fir, and western larch and the 
remaining species (2 percent or less) were western 
white pine, sugar pine, and lodgepole pine. On the 
Ochoco National Forest, ponderosa pine and western 
larch were planted. On the Fremont-Winema National 
Forest, over 99 percent of the acres planted were 
ponderosa pine. 

How can the national forests of 
central Oregon conserve 
biodiversity and increase 
resiliency given the predicted 
changes in temperature and 
precipitation? 
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FOREST TREE SPECIES 
We organized the tree species of central Oregon into 
two groups (see box on next page). Group 1 consists of 
16 overstory tree species that are common in major 
portions of central Oregon and are thus important 
components of the forest canopy and overall forest 
structure. These group 1 species are a major focus of 
this report because changes in their distribution or 
health could affect forest structure and habitat at a 
broad scale. Group 2 includes trees that are not 
significant components of the forest canopy owing to 
small size or to limited occurrence in central Oregon; 
these species may occur infrequently across broad 
areas or may be common within a limited habitat.  

 

 

We created distribution maps for all tree species of 
central Oregon to show documented occurrences using 
the latest available data (appendix 7; example shown 
to left). 

Drawing on information from a variety of published 
sources, we compiled profiles of the central Oregon 
tree species (appendix 8). These profiles emphasize 
biological and ecological characteristics that were 
deemed relevant to the trees’ potential adaptation to 
predicted changes in climate. 

  



A5-8 Appendix 5: Climate Change and Forest Trees in Central Oregon 

FOREST TREE VULNERABILITY 
ASSESSMENT 

Methods 

A vulnerability assessment is a systematic process of 
identifying and quantifying the areas of vulnerability 
within a system (Glick and Stein 2010), or in this case, 
forest tree species. Our objectives for vulnerability 
assessment were to: (1) select a method that is 
straightforward to apply, transparent, flexible, and 
provides for easy application of sensitivity analysis; 
and (2) rank the tree species of group 1 (see table) 
according to their vulnerability to climate change 
impacts.  

After testing several methods, we chose the Forest 
Tree Genetic Risk Assessment System, which rates 
each species according to intrinsic attributes and 
external threats that can influence the species’ 
vulnerability to climate change (Potter and Crane 
2010). We ranked tree species for a number of 
characteristics organized into five risk factors: 
distribution, reproductive capacity, habitat affinity, 
adaptive genetic variation, and threats from insects and 
disease. Each risk factor contained multiple variables 
quantifying each tree species’ vulnerability to climate 
change. 

We calculated an overall climate change vulnerability 
score (0 to 100) for each species by averaging the five 
risk factors, which were weighted equally. A higher 
score indicates higher climate change vulnerability as 
measured by these risk factors. 

NATIVE TREE SPECIES OF CENTRAL 
OREGON 

Group 1: Widespread forest canopy species 

Douglas-fir 

Engelmann spruce 

Grand fir-white fir 

Incense-cedar 

Mountain hemlock 

Noble fir-Shasta red fir 

Pacific silver fir 

Ponderosa pine 

Sierra lodgepole pine 

Subalpine fir 

Sugar pine 

Western hemlock 

Western juniper 

Western larch 

Western white pine 

Whitebark pine 

Group 2: Less common or non-canopy species 

Bitter cherry 

Black cottonwood  

Cascara 

Douglas maple 

Golden chinquapin 

Pacific yew 

Quaking aspen 

Red alder 

Scouler’s willow 
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Group 1 Tree Species 

Several trends were evident in the vulnerability scores: 

• Among the group 1 tree species, overall 
vulnerability scores ranged from 27 to 78 
(lowest and highest scores possible were 0 and 
100, respectively).  

• There was not a strong relationship between 
tree species’ mean elevation and overall 
vulnerability score. Two exceptions were the 
highest-ranked species, whitebark pine, which 
also had the highest mean elevation, and the 
lowest-ranked species, western juniper, which 
also had the lowest mean elevation. When 
these two species were excluded, there was no 
correlation between elevation and 
vulnerability for the remaining 14 species. 

• The important commercial species varied 
widely in overall vulnerability score. 

• For most tree species, scores were quite 
variable across the five risk factors. Western 
juniper exhibited the greatest range, with 
factor scores ranging from 0 to 100. 

Group 2 Tree Species 

Group 2 tree species were predominantly non-
commercial, and, relative to group 1 species, little 
biological information was available for many of 
them. Therefore, instead of a formal vulnerability 
assessment, we examined general habitat requirements 
and reproductive characteristics relevant to climate 
change vulnerability. Implications for these species 
under a changing climate include: 

• Most of the group 2 tree species occur as 
understory components of multiple forest 
types or on sites with extreme moisture 
regimes (i.e., flooding or drought). 

• The group 2 species that often colonize 
disturbed sites near streams and rivers (black 
cottonwood, red alder, Scouler’s willow) may 
have increased opportunities for establishment 
under projected climate scenarios in which 
seasonal snowmelt and precipitation patterns 
increase major flood events, which would 
potentially create habitat. 

• Many group 2 tree species are insect-
pollinated or produce seed that is dispersed by 
animals; thus, these species are vulnerable to 
changes in animal behavior associated with 
climate. However, vulnerability is likely to 
differ among these tree species based on 
number of animal associates and the 
specificity of the relationships. 

 
 

 
 

Results: Group 1 species (widespread forest 
canopy trees) of central Oregon, ranked by overall 
climate change vulnerability score; higher scores 
indicate greater vulnerability 

Tree species 
Overall vulnerability 

score 
Whitebark pine 78 

Subalpine fir 69 

Engelmann spruce 61 

Douglas-fir 60 

Pacific silver fir 59 

Western hemlock 52 

Sugar pine 51 

Noble fir - Shasta red fir  48 

Grand fir - white fir 47 

Western larch 43 

Mountain hemlock 41 

Incense-cedar 38 

Sierra lodgepole pine 36 

Western white pine 33 

Ponderosa pine 32 

Western juniper 27 
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RECOMMENDATIONS 
The recommendations developed during the course of this project fall into three categories: 

1. Learn about and track changes in plant communities as the climate changes. Collect 
baseline data where needed. Monitor the impacts of a warming climate on the distribution 
and health of forest tree species. Look for triggers, such as an increase in the frequency of 
large-scale disturbance, which will indicate a need to change our management approach. 

2. Maintain and increase biodiversity and increase resiliency. Focus on increasing stand 
diversity of native forest trees through thinning and planting. Increase disease resistance. 
Preserve genetic diversity, especially of isolated populations, and implement ex situ gene 
conservation where appropriate. 

3. Prepare for the future. Given uncertainty about how climate changes will unfold, a 
number of future scenarios are possible. Select activities that will work under a variety of 
scenarios including a potential increase in disturbances such as fires, wind storms, and 
floods, which could be followed by greater spread of invasive plant species. 
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ACTION ITEMS BASED ON THE RESULTS OF THE 
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

CENTRAL OREGON 
 
1. Learn about and track changes in plant communities as the climate changes 

 Continue and expand the survey and mapping program for whitebark pine, with 
participation by all land management agencies with whitebark pine habitat in 
Oregon.  
Readily accessible data on whitebark pine’s present distribution are essential for 
monitoring and managing the species under climate change and pathogen threats.  
(This item pertains only to the Deschutes and Fremont-Winema National Forests.) 

 Monitor vegetative and reproductive phenology in seed orchards, particularly 
that of ponderosa and lodgepole pine at the Kelsey Butte seed orchard in the 
Deschutes National Forest. 
Timing of phenology is closely linked to climate, and collecting data on annual 
phenology and microclimate will allow us to determine how trees are responding to 
annual climate variation. 

 

2. Maintain and enhance biodiversity and increase resiliency 

 Continue the national forests’ thinning programs. 
These programs achieve: (1) promotion of greater biodiversity by increasing the 
proportion of less abundant conifer and hardwood tree species, (2) the development 
of understory vegetation, (3) enhancement of the habitat value provided by forest 
stands, and (4) increased stand resistance and resiliency to disturbance and 
environmental stressors. 

 Continue to include a variety of tree species in planting prescriptions, with an 
emphasis on under-represented tree species. 

 Expand gene conservation collections. 
Seed from rare species and disjunct populations should be collected for long-term ex 
situ gene conservation. These efforts are already underway for whitebark pine, but to 
date no collections have been made for other species. 

 Maintain and protect the vast ex situ collection of eastern Oregon native 
cottonwood and willow accessions. 

 Continue to monitor and treat where possible the insects and diseases that 
pose the greatest threats to group 1 species: Douglas-fir beetle, mountain pine 
beetle, fir engraver, balsam woolly adelgid, and dwarf mistletoe. 
These are causing moderate to significant mortality in mature trees; impacts of a 
number of these threats appear to be increasing owing to climate change. 

 

Note: full details of each action item appear in table A5-22 of this appendix. 
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ACTION ITEMS BASED ON THE RESULTS OF THE 
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

CENTRAL OREGON 
 
3. Prepare for the future 

 Partner with other land managers in central Oregon to create a virtual 
cooperative tree seed bank. 
This would increase the likelihood that appropriate seed will be available for 
reforestation after large-scale disturbances such as fire or insect outbreaks. 
Landowners can maintain their own seed inventories, but enter in cooperative 
agreements to share seed in the event of a major disturbance. 

 Maintain an inventory of high-quality seed for tree species that are likely to be 
needed over the next 20 years. 
Place a priority on species that can be planted after disturbance. Accomplish this 
through the following steps: 
• Assess the viability of seed stored at the Forest Service storage facility at JH 

Stone Nursery; 
• Retest viability as needed; 
• Discard non-viable seed; and 
• Update Seed Procurement Plans to include new and replacement collections. 

 Maintain and protect conifer seed orchards. 
These serve as gene conservation areas and are essential in providing high quality 
and genetically diverse seed. They are the national forests’ most efficient source of 
high quality tree seed for national forest reforestation and restoration programs. 

 Continue to provide a genetically diverse source of hardwood cuttings from the 
Clarno hardwood production beds (Deschutes and Ochoco National Forest). 
Currently, this program provides material for many eastern Oregon public lands 
partners, and promotes the restoration of many extirpated hardwood populations.   

 Assess seed viability of individual selected tree seedlots in storage. 
The national forests in central Oregon have more than 16,900 single tree seedlots 
from selected trees in storage at the Dorena Genetic Resources Center. Many of 
these seedlots have been in storage for one or more decades, and their viability is 
unknown. 
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ASSESSING CLIMATE CHANGE 
EFFECTS ON PACIFIC 
NORTHWEST VEGETATION 
Anthropogenic climate change is a great challenge to 
sustainable management of forests and grasslands 
because the rate of climatic change will likely exceed 
some species’ capability to adapt, which in turn will 
alter plant communities and ecosystems. Climate 
change projections for the Pacific Northwest show 
year-round warming, and some models indicate 
increased winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009). The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). The effects of long-
term climate changes on the composition and structure 
of central Oregon’s plant communities are difficult to 
predict. There is a limited amount of information on 
the climatic tolerances of many species and even less 
information on what complex interactions could result 
from ecosystem-wide exposure to a changing 
environment. 

In 2008, a study was initiated to determine how best to 
adapt federal land management on the Olympic 
Peninsula, Washington, to enhance the resiliency of 
federal lands to the effects of climate change 
(Halofsky et al. 2011). The Olympic Climate Change 
Case Study—a partnership of 
the U.S. Department of 
Agriculture (USDA), Forest 
Service, Pacific Northwest 
Research Station and Olympic 
National Forest, with the U.S. 
Department of Interior (USDI), 
National Park Service, 
Olympic National Park—
examined hydrological 
processes and management of 

vegetation, fish and wildlife habitat, and roads to 
determine strategies and actions for adaptation to 
climate change. The adaptation strategies for 
managing vegetation under climate change included 
gene conservation, disease resistance, increasing 
biodiversity through planting and thinning, and 
increasing preparedness for large disturbances 
including potential increases in invasive species. 

Following the Olympic Climate Change Case Study, 
the present effort was launched to address the 
projected effects of climate change on vegetation, 
specifically forest trees and vulnerable non-forested 
habitats. In the first phase of this project, the area of 
analysis was western Washington state, with an 
emphasis on the Olympic, Mt. Baker-Snoqualmie, and 
Gifford-Pinchot National Forests (Aubry et al. 2011). 
Subsequent phases of the project include all forested 
areas of Washington and Oregon (Forest Service 
Pacific Northwest Region), which we divided into six 
subregional study areas (table A5-1; fig. A5-1). These 
six study areas were delineated so that each phase of 
the analysis could focus on the species and 
management issues unique to each area. The central 
Oregon study area includes the Deschutes and Ochoco 
and Fremont-Winema National Forests (fig. A5-2). In 
this report, we assess the vulnerabilities of the forest 
trees within the study area; vulnerabilities of non-
forested habitats will be addressed separately in a 
subsequent report.  

This work focuses on two central questions: (1) how 
may climate change affect forest tree species? and (2) 
what are the management implications of these 

Table A5-1. Phases of the Climate Change and Forest Tree project 

Phase National forests 
Western Washington Gifford Pinchot, Mt. Baker-Snoqualmie, Olympic 

Northwestern Oregon Mt. Hood, Siuslaw, Willamette 

Eastern Washington Colville, Okanogan-Wenatchee 

Eastern Oregon Malheur, Umatilla, Wallowa-Whitman 

Central Oregon Deschutes and Ochoco, Fremont-Winema 

Southwestern Oregon Rogue River-Siskiyou, Umpqua 
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potential impacts? Biodiversity is often viewed from a 
global perspective (Wilson 1988), but in this analysis 
biodiversity is defined as the “genetic variation within 
species, the variety of species in an area, and the 
variety of habitat types within a landscape” (Duffy and 
Lloyd 2010). As components of biodiversity, 
individual species, habitats, and ecosystems can be 
conservation targets for vulnerability assessments 

(Glick and Stein 
2010). It is critical to 
address the effects of 
a changing climate at 
the level of individual 
plant species because 
species respond 
differently to climate, 
with potential shifts in 
distribution resulting 
in novel species 
associations (Lovejoy 
and Hannah 2005, 
Williams et al. 2007). 
This analysis includes 
a vulnerability 
assessment conducted 
at the level of 
individual tree 
species. The purpose 
of the vulnerability 
assessment was to 
identify tree species 
that are most 
vulnerable to the 
projected changes in 
climate and thus assist 
managers in more 
efficiently allocating 
limited resources. 

The target audience 
for this report is 
vegetation managers 
on central Oregon’s 
national forests; the 
management options 

presented are based on the tools available to managers 
of National Forest System lands. However, this report 
also will provide useful information for other land 
managers in the Pacific Northwest who manage, 
restore, and conserve forests and woodlands under a 
changing climate. Land managers in other parts of the 
country will find that the methods used here can be 
applied to their plant communities using local 

 

Figure A5-1. Boundaries of the six study areas 
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Figure A5-2. Major land ownerships of central Oregon 
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information. Researchers will find signposts to the 
many questions yet to be answered concerning the 
impacts of climate change on forests and terrestrial 
habitats. 

THE STUDY AREA: CENTRAL 
OREGON 
The study area is based on the national forests of 
central Oregon: the Deschutes and Ochoco and 
Fremont-Winema (fig. A5-2). The study area 
boundary follows the national forest boundaries, and 
also includes a 3-mi-wide (5-km) buffer, except where 
this buffer would have included portions of a national 
forest designated as part of another of our study areas 
or where it would have included portions of California. 
We used the buffer so that the study area would 
include the forested land immediately outside of the 
national forest boundaries. Examination of tree 
distribution data showed that, without a buffer, we 
would exclude portions of some species’ populations 
that are relevant to our analysis. 

The central Oregon study area includes a total of 8.0 
million ac (3.3 million ha), encompassing the national 
forests and the associated buffer areas. The Deschutes 
and Ochoco National Forests includes 2.8 million ac 
(1.1 million ha); the Fremont-Winema National Forest 
also includes 2.8 million ac (1.1 million ha). 
Approximately 8 and 4 percent, respectively, of the 
Deschutes and Ochoco and the Fremont-Winema 
National Forests are designated wilderness. 

MANAGEMENT OF THE 
NATIONAL FORESTS 
The management of resources within each national 
forest is guided by a comprehensive management plan. 
These plans include goals, which describe desired 
future conditions, as well as specific objectives that 
address a wide variety of activities and resources 
including recreation, wildlife, wilderness, scenery, 

timber, water, and cultural resources. Forest plans are 
revised on an approximate 15-year interval. Existing 
forest plans for the national forests in the study area 
were completed from 1989 to 1990. Since that time, 
each plan has been subject to numerous amendments, 
including Eastside Screens, which limits the harvest of 
large-diameter trees (USDA Forest Service 1994). The 
forest plans allocate the National Forest System lands 
into a variety of management areas such as Research 
Natural Areas, Wilderness, Timber Production, and 
Scenic Viewsheds; these management areas differ by 
forest (supplement A5S1). Each management area is 
managed under a specific prescription or set of 
prescriptions which include standards and guidelines 
that define each forest’s goals and objectives. 

Management of the National Forest System lands in 
much of the coastal Pacific Northwest, including the 
Cascade Range, has been guided by the Northwest 
Forest Plan (NWFP) since its adoption in 1994 (Moeur 
et al. 2005). The record of decision amends the 
planning documents of lands administered by the U.S. 
Department of Agriculture (USDA) Forest Service and 
the U.S. Department of the Interior (USDI) Bureau of 
Land Management (BLM) within the range of the 
northern spotted owl (Strix occidentalis caurina). The 
NWFP established a system of standards and 
guidelines to provide habitat management direction for 
these agencies. The portions of the Deschutes and the 
Fremont-Winema National Forests that fall within the 
range of the northern spotted owl and are covered by 
the NWFP  are shown in figures A5-3 and A5-4. 
Management actions within this area will be 
influenced by the NWFP. 

Vegetation Management 

Vegetation management on central Oregon’s national 
forests is conducted to meet a wide variety of 
objectives designed to diversify and improve forest 
structure. Commercial and precommercial thinning 
may be applied to improve forest health where insect 
and disease threats are present, to manage fuels in 
areas prone to wildfire, to improve wildlife habitat,  
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Figure A5-3. Northwest 
Forest Plan land allocations 
for the Deschutes National 
Forest 
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Figure A5-4. Northwest Forest Plan 
land allocations for the Fremont-
Winema National Forest 
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and to increase stand productivity. During 2008 
through 2010, annual averages of approximately 
9,310, 2,140, and 6,620 ac (3,770, 870, and 2,680 ha) 
were commercially thinned on the Deschutes, Ochoco, 
and Fremont-Winema National Forests, respectively. 
On the same forests, precommercial thinning averaged 
18,650, 4,400, and 11,530 ac (7,550, 1,780, and 4,670 
ha) annually during this period. 

On the Deschutes, Ochoco, and Fremont-Winema 
National Forests, averages of 4,380, 290, and 1,230 ac 
(1,770, 120, and 500 ha) were planted annually from 
2008 through 2010. On the Deschutes National Forest, 
67 percent of the acreage planted were ponderosa pine, 
21 percent were Douglas-fir, 8 percent were western 
larch, and the remaining species (2 percent or less) 
were western white pine, sugar pine, and lodgepole 
pine. On the Ochoco National Forest, ponderosa pine 
(50 percent) and western larch (50 percent) were 
planted. On the Fremont-Winema National Forest, 
over 99 percent of the acreage planted was in 
ponderosa pine. 

FORESTS OF CENTRAL OREGON 
Vegetation within the study area varies dramatically 
according to climate, which is strongly influenced by 
topography. The area has both continental and marine 
climate influences, although the Cascade Range 
substantially reduces effect of the marine air, as most 
of its moisture is released on the western slopes of the 
mountain range. Vegetation in the study area follows a 
gradient from the warm, dry low-elevation sites to 
cool, moist high-elevation sites (Franklin and Dyrness 
1973). Within this climatic gradient, soils also 
influence the climax tree species and plant associations 
at a given site. Notable in this region are volcanic 
ash/pumice deposits, which have a significant 
influence on vegetation based on the age and depth of 
the deposited materials (Simpson 2007). 

Climax tree series and plant associations have been 
identified for the eastern slope of the Oregon Cascade 
Range and for the Ochoco Mountains (Johnson and 
Clausnitzer 1992, Simpson 2007). Potential natural 

vegetation zones are shown in figures A5-5 through 
A5-7; although the names of these zones differ 
somewhat from the climax tree series, the spatial 
patterns are similar. On the warmest, driest sites, occur 
western juniper or ponderosa pine series. These 
species may occur in pure stands on the driest sites or 
with other species where slightly greater moisture is 
available. The Douglas-fir series occurs on moister 
sites, although this type is absent in much of the 
southern and central study area where deep ash/pumice 
deposits limit soil moisture availability during warmer 
months (Simpson 2007). Lodgepole pine is a common 
seral species, but occurs as a climax series on cooler 
dry sites or where drainage is poor and soils may 
become saturated. The white fir-grand fir series (called 
grand fir Series in the Ochoco Mountains; Johnson and 
Clausnitzer 1992) occupies a relatively broad range of 
elevations and often includes Douglas-fir and 
ponderosa pine as seral species. In the southern 
Oregon Cascade Range, the Shasta red fir climax 
series occurs to a limited extent. The western hemlock 
series, though present on the western slope of the 
Cascades to over 5,000 ft elevation, is rare on the 
eastern slope within the study area and occurs only in 
the Deschutes National Forest. The Pacific silver fir 
series occurs to a limited extent east of the Cascade 
crest; it is found on relatively moist sites, usually 
above 4,000 ft elevation. The mountain hemlock series 
is found near upper treeline of the Cascades on the 
coldest forested sites, where snowpack is substantial 
and growing seasons are short. 
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Figure A5-5. Potential natural vegetation (PNV) zones of 
the Ochoco National Forest area, central Oregon 
(Henderson 2009) 
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Figure A5-6. Potential natural vegetation (PNV) zones of 
the Deschutes National Forest area, central Oregon 
(Henderson 2009) 
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Figure A5-7. Potential natural vegetation (PNV) zones of the 
Fremont-Winema National Forest area, central Oregon 
(Henderson 2009) 
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GOALS, ASSESSMENT 
TARGETS, AND OBJECTIVES 
The goal of this analysis is to conduct an assessment 
of the vulnerability of individual forest tree species to 
climate change. An understanding of which tree 
species are most vulnerable will assist managers in 
efficiently allocating limited resources to the 
management of these species. Forest trees are the first 
priority for analysis of climate change impacts on 
individual plant species because trees provide stand 
structure and dictate the composition of plant 
communities in the forests of the Pacific Northwest. 
Many tree species also have high economic or cultural 
value. Because trees are long-lived and have long 
generational intervals, tree species may be slower to 
adapt and migrate and thus may be more at risk to 
changes in climate than forb or grass species. Grasses, 
forbs, and shrubs that are at risk because of habitat loss 
or other factors (though not specifically because of 
projected climate change) are protected, monitored, 
and often restored under the Endangered Species Act 
and the Interagency Special Status/Sensitive Species 
Program (ISSSSP) (USDA/USDI 2011). 

Whitebark pine is the only tree species in central 
Oregon that has been considered for federal protection. 
In July 2011, the USDI Fish and Wildlife Service 
announced a 12-month finding on the petition to list 
whitebark pine as threatened or endangered (USDI 
FWS 2011). The Fish and Wildlife Service found that 
listing whitebark pine as threatened or endangered was 
warranted but that listing as such was “precluded by 
higher priority actions to amend the Lists of 
Endangered and Threatened Wildlife and Plants” 
(USDI FWS 2011). Therefore, the species was added 
to the candidate list, and the Fish and Wildlife Service 
is developing a proposed rule to list whitebark pine 
when “priorities and funding will allow” (USDI FWS 
2011). The proposed listing rule will include any 
determination on critical habitat. 

Objectives 

The specific objectives of this project are to: 

• Assess the relative vulnerability of forest tree 
species to projected climate changes. 

• Recommend actions that will: 
o improve understanding of changes 

taking place among tree species,  
o maintain and increase forest 

biodiversity and increase resiliency, 
and 

o prepare for an uncertain future. 

• Collaborate in the implementation of these 
actions with the Bureau of Land Management 
and other land management agencies of 
central Oregon. 
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THE TREE SPECIES OF                                                       
CENTRAL OREGON 
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INTRODUCTION 
This report focuses on the tree species that are native 
to central Oregon. Here, we define trees as woody 
perennials capable of producing a single stem with 
apical dominance and reaching at least 20 ft (6 m) in 
height. Of the 25 native tree species occurring in 
central Oregon (table A5-2), 17 are coniferous and 8 
are broadleaf species. The Pinus (pine) genus contains 
the greatest number of species (5). All central Oregon 
conifers are evergreen except western larch, which is 
deciduous. All the broadleaf tree species are 
deciduous, with the exception of golden chinquapin. 

GROUPING OF SPECIES 
To facilitate our vulnerability assessment, we divided 
the tree species of central Oregon into two groups 
(table A5-2). Group 1 consists of 16 overstory tree 
species that are significant components of forest or 
woodland canopies in central Oregon. The group 1 
species are a major focus of this report because 
changes in their distribution or health could have a 
major effect on forest structure and habitat. This group 
includes species that are widespread across the study 
area (e.g., ponderosa pine, lodgepole pine) and species 
that are important within more limited zones (e.g., 
Pacific silver fir, mountain hemlock). 

Group 2 includes nine tree species that are not 
significant components of the forest canopy, owing to 
small size (e.g., cascara, Douglas maple) or because 
they occur as scattered individuals or components of 
the mid-story rather than the forest canopy. 

We subjected the two species groups to different types 
of climate change vulnerability assessments. For all of 
the group 1 species, sufficient biological information 
was available to perform a detailed vulnerability 
assessment based on numerous quantifiable 
characteristics (e.g., drought tolerance, distance of 
seed dispersal, and adaptive genetic variation). In 
contrast, many of the group 2 species are not 
commercially important and have not been well-

studied (although there are some exceptions). As a 
result, insufficient data were available to conduct the 
type of vulnerability assessment that was performed on 
the group 1 species. Instead, we summarized and 
discussed the characteristics of group 2 tree species 
that we deemed likely to influence climate change 
vulnerability. 

TREE SPECIES DISTRIBUTIONS 
To assess the climate change vulnerability of regional 
tree species, we needed detailed information on the 
distribution of each species. Previously published 
range maps are available for most tree species in the 
region (e.g., Little 1971, 1976). However, these maps 
are primarily useful for evaluating species 
distributions at a broad scale, whereas we desired a 
greater degree of precision because our assessment is 
focused on smaller areas. A variety of computer 
models have been used to predict tree species 
distributions, both at present and under future climate 
scenarios (e.g., Crookston 2010, Hargrove and 
Hoffman 2005). However, these models did not fit our 
objectives for mapping because they predict species 
distributions based on projections of suitable habitat 
rather than on the present occurrences of the species. 
Therefore, we created distribution maps for the tree 
species of central Oregon by using documented 
occurrences of each tree species (appendix 7). 

Species occurrence data were acquired from a variety 
of sources (table A5-3). Three of these sources were 
from the U.S. Forest Service: the Forest Inventory and 
Analysis (FIA) Program (USDA Forest Service 
2010b), the Current Vegetation Survey (CVS) (USDA 
Forest Service 2008), and the Forest Service Region 6 
Ecology Program Core Dataset (USDA Forest Service 
2010a). Additional data were acquired from the 
Oregon Flora Project and the University of 
Washington Burke Museum herbarium (Oregon Flora 
Project 2011, University of Washington 2011), which 
document the geographic locations where herbarium 
specimens were collected or where species were 
observed. Maps of all plot locations represented in the  
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Table A5-2. Native tree species of central Oregon1 

Scientific name Common name Symbol Group2 Division Type 
Abies amabilis Pacific silver fir ABAM 1 Conifer Evergreen 

Abies grandis - A. 
concolor3 

Grand fir-white fir ABGR-ABCO 1 Conifer Evergreen 

Abies lasiocarpa Subalpine fir ABLA 1 Conifer Evergreen 

Abies procera - A. x 
shastensis [magnifica x 
procera] 4 

Noble fir-Shasta red fir ABPR-ABSH 1 Conifer Evergreen 

Calocedrus decurrens Incense-cedar CADE27 1 Conifer Evergreen 

Juniperus occidentalis Western juniper JUOC 1 Conifer Evergreen 

Larix occidentalis Western larch LAOC 1 Conifer Deciduous 

Picea engelmannii Engelmann spruce PIEN 1 Conifer Evergreen 

Pinus albicaulis Whitebark pine PIAL 1 Conifer Evergreen 

Pinus contorta var. 
murrayana 

Sierra lodgepole pine PICOM 1 Conifer Evergreen 

Pinus lambertiana Sugar pine PILA 1 Conifer Evergreen 

Pinus monticola Western white pine PIMO3 1 Conifer Evergreen 

Pinus ponderosa Ponderosa pine PIPO 1 Conifer Evergreen 

Pseudotsuga menziesii Douglas-fir PSME 1 Conifer Evergreen 

Tsuga heterophylla Western hemlock TSHE 1 Conifer Evergreen 

Tsuga mertensiana Mountain hemlock TSME 1 Conifer Evergreen 

Acer glabrum var. 
douglasii 

Douglas maple ACGLD4 2 Broadleaf Deciduous 

Alnus rubra Red alder ALRU2 2 Broadleaf Deciduous 

Chrysolepis chrysophylla Golden chinquapin CHCH7 2 Broadleaf Evergreen 

Frangula purshiana  Cascara FRPU7 2 Broadleaf Deciduous 

Populus balsamifera ssp. 
trichocarpa 

Black cottonwood POBAT 2 Broadleaf Deciduous 

Populus tremuloides Quaking aspen POTR5 2 Broadleaf Deciduous 

Prunus emarginata Bitter cherry PREM 2 Broadleaf Deciduous 

Salix scouleriana Scouler’s willow SASC 2 Broadleaf Deciduous 

Taxus brevifolia Pacific yew TABR2 2 Conifer Evergreen 

1 Nomenclature follows the U.S. Department of Agriculture Plants Database (USDA NRCS 2010); in cases where multiple common 
names exist, regionally favored names are used here. 
2 Group 1 = overstory trees with widespread distribution in the study area; Group 2 = trees that are not major overstory components 
owing to limited frequency or small size. 
3 Grand fir and white fir co-occur and hybridize in the study area. The map data sources do not differentiate these species and their 
hybrid consistently; thus, we combined the species for the purpose of this analysis. 
4 Noble fir and Shasta red fir co-occur and hybridize in the study area. The map data sources do not differentiate these species and 
their hybrid consistently; thus, we combine the species for the purpose of this analysis. 
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three Forest Service data sources are shown in 
appendix 7, as is a map of all Oregon Flora Project and 
University of Washington sample locations for the 
species in this project. Because data collection 
protocols differed among these five primary data 
sources, data were not available from all sources for 
every tree species. Because of these different 
protocols, several factors must be considered when 
interpreting the maps: 

• Plot density—Plot density varied by 
inventory; therefore, the density of points on a 
map does not necessarily correspond to the 
density at which a tree species occurs. For 
example, if the range of a species 
encompasses a national forest and adjacent 
privately owned land, the density of mapped 
points may be much higher on the national 
forest because the forest includes CVS and 
Ecology Program plots, which do not occur on 
private land. Thus, the higher density of 
mapped occurrences on the national forest 
results from the additional sampling locations 
and does not represent a true difference in the 
frequency of the species’ occurrence. 

• Plot size—For data sources that are based on 
inventory plots, density of mapped species 
occurrences is affected by plot size, which 
varies among inventories. An inventory that 
uses larger plots is likely to sample a given 

species more frequently on its plots compared 
to an inventory that uses smaller plots. 

• Inventory design—The density of mapped 
species occurrences is influenced by inventory 
design. An inventory of regularly spaced plots 
on a grid (e.g., FIA) is much less likely to 
sample a rare species than an inventory with 
an objective of locating and sampling that 
species (e.g., Oregon Flora Project). 

Owing to influences of these factors, mapped species 
occurrences should be interpreted as representing the 
extent of a species’ distribution, rather than 
representing its density within that distribution. 

TREE SPECIES PROFILES 
Drawing on information from a variety of published 
sources, we compiled profiles of all central Oregon 
tree species (appendix 8). These profiles emphasize 
characteristics that we deemed relevant to the trees’ 
potential adaptation to climate change. The profiles 
focus on ecological and reproductive characteristics, 
genetic aspects, and threats and management 
considerations relevant to each tree species. The 
ecological description contains information on 
distribution, habitat, and ecological amplitude; this 
information may assist in projecting a species’ 
potential response to climate-induced changes in its 
habitat. Reproductive characteristics such as seed 

Table A5-3. Data sources used to create tree species distribution maps for central Oregon 
Dataset Source Coverage Inventory design 

Forest Inventory and 
Analysis (FIA) 

U.S. Forest Service, Pacific 
Northwest Region 

All public and private 
lands1 

Regularly spaced plots 

Current Vegetation 
Survey (CVS) 

U.S. Forest Service, Pacific 
Northwest Region 

National forests Regularly spaced plots 

USFS Region 6 Ecology 
Program 

U.S. Forest Service, Pacific 
Northwest Region 

National forests Plots located according to 
plant community type 

Oregon Flora Project Department of Botany and 
Plant Pathology, Oregon 
State University 

Public and private 
land in Oregon 

Species collections by many 
individuals with various 
objectives 

University of Washington 
Herbarium 

Burke Museum, University of 
Washington 

Public and private 
land in Oregon and 
Washington 

Species collections by many 
individuals with various 
objectives 

1 A small amount of random error was intentionally added to the FIA plot locations to protect the identity of landowners. 
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production, reproductive age, and seed dispersal 
distance affect the rate at which a species evolves and 
migrates. The information on threats and management 
considerations addresses a species’ response to insects, 
diseases, and wildfire, which may be exacerbated by 
climate change. 

The amount of published information available for 
each tree species varies significantly, with much more 
information available for the commercially important 
species. As a result, the level of detail contained in 
these tree profiles varies by species.  



A5-30 Appendix 5: Climate Change and Forest Trees in Central Oregon 

  



Appendix 5: Climate Change and Forest Trees in Central Oregon  A5-31 
 

  

VULNERABILITY ASSESSMENT OF 
CENTRAL OREGON TREE SPECIES 
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INTRODUCTION 
There are numerous ways in which climate influences 
the growth, survival, and reproduction of tree species. 
If these climate influences are well-understood, they 
can be used to project a tree species’ potential 
response to various climate scenarios. For the tree 
species of central Oregon, this process of evaluating 
potential climate effects was accomplished through a 
vulnerability assessment—a systematic process of 
identifying and quantifying areas of vulnerability 
within a system (Glick and Stein 2010). The 
assessment was undertaken to identify: (1) 
characteristics of individual forest tree species that 
could influence their response to long-term changes in 
climate, and (2) relative levels of vulnerability to 
climate change among the tree species of central 
Oregon.  

We view this analysis as a tool for prioritizing tree 
species to help managers more efficiently allocate 
limited resources to the most vulnerable species. In our 
previous analysis of the climate change vulnerability 
of western Washington tree species (Aubry et al. 
2011), we concluded that a vulnerability assessment 
approach was useful for detecting probable underlying 
causes of climate change vulnerability and for 
prioritizing management responses. We selected the 
Forest Tree Genetic Risk Assessment System (GRAS) 
(Potter and Crane 2010) to assess climate change 
vulnerability of group 1 tree species because the 
system is well-suited to our regional needs and data 
availability (Aubry et al. 2011). As stated above, we 
did not apply the Forest Tree GRAS to group 2 tree 
species because, for many of those species, insufficient 
data were available. Vulnerability of group 2 species is 
discussed in the following section. 

The Forest Tree GRAS is a model developed to 
evaluate and rank the vulnerability of individual tree 
species within a region of interest, given anticipated 
effects of long-term climate change. It is designed to 
assist managers in focusing limited resources on the 
most vulnerable species, thus increasing the efficacy 
of conservation activities. Given projected changes in 

climate, conservation of species’ existing adaptedness, 
specifically variation in adaptive traits, is key to long-
term viability. However, because this detailed level of 
genetic information does not currently exist for many 
tree species, the Forest Tree GRAS uses documented 
ecological and life-history traits to assess the 
vulnerability of individual tree species to climate 
change and related threats (Myking 2002, Potter and 
Crane 2010).  

The Forest Tree GRAS rates each species according to 
factors deemed likely to influence its overall 
susceptibility to loss of genetic variation and adaptive 
capacity under projected changes in climate (Potter 
and Crane 2010). The model is composed of multiple 
risk factors, each containing a set of variables used to 
rate a species’ climate change vulnerability according 
to intrinsic attributes or external threats. Examples of 
intrinsic attributes include a species’ fecundity, 
mechanism of seed dispersal, and drought tolerance; 
examples of external threats include insects and 
diseases. Table A5-4 summarizes the five risk factors 
used in our analysis, the variables we chose for each 
risk factor, and the rating system for each variable. 

Disturbance associated with climate change, including 
major droughts, insects and diseases, and wildfire, 
may have an increasing influence on many tree species 
in the future. In this vulnerability analysis we chose to 
use only risk factors based on attributes and threats 
that were already documented, as opposed to predicted 
future conditions, which would introduce an added 
level of uncertainty. Thus, we included drought 
tolerance and documented insect and disease threats in 
our risk factors but did not include predictions of 
future wildfire frequency. Similarly, we chose not to 
include future habitat shifts predicted by climate 
envelope models (Aubry et al. 2011). Quantification of 
future wildfire risk for a vulnerability assessment such 
as this would require:  

• Assumptions regarding the frequency and 
intensity of wildfire (and the extent of wildfire 
suppression) across the range of habitats that 
each tree species is predicted to occupy at a 
given point in the future. 
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Table A5-4. The five risk factors and descriptions and rating systems for variables within each factor for the Forest 
Tree GRAS (continues) 

Risk factor Variable Description Rating system1 

Distribution 
 

Frequency of 
occurrence 

Percentage of FIA plots on 
which a given species is present 

Highest frequency = 0; lowest frequency 
= 100; all other species scored 
proportionally according to frequency of 
occurrence 

 Proportion of canopy 
trees  

Mean proportion of all canopy 
trees (dominant, co-dominant, 
and open-grown crown classes) 
represented by a given species 
on all FIA plots where that 
species is present 

Highest mean proportion = 0; lowest 
mean proportion = 100; all other species 
scored proportionally 

 Distribution within 
central Oregon 

Qualitative assessment, scored 
by examining distribution maps2 

Wide = 0 
Moderate = 25 
Narrow = 50 
Very narrow = 75 
Rare = 100 

Reproductive 
capacity3 

Seed dispersal vector Wind, water, birds, mammals, or 
gravity 

Wind, water = 0 
Birds, mammals, gravity = 100 

 Fecundity Qualitative assessment, based 
on size and frequency of seed 
crops, proportion of filled seed in 
mature cones or fruits, and 
germination rate 

High = 0 
Medium = 50 
Low = 100 

 Seed dispersal 
capacity 

Distance within which most seed 
is dispersed 

 > 0.5 mile = 0 
 400 ft to 0.5 miles = 50 
 < 400 ft = 100 

 Minimum seed-bearing 
age 

Age at which seed production 
begins under good growing 
conditions 

< 10 years = 0 
10 to 20 years = 50  
 > 20 years = 100 

 Dioecy Breeding system Monoecious = 0 
Dioecious = 100 

Habitat affinity 
 

Mean elevation Mean elevation (ft) of FIA all 
plots on which a given species 
is present 

Lowest elevation = 0; highest elevation = 
100; all other species scored 
proportionally according to frequency of 
occurrence 

 Successional stage3 Successional stage(s) in which 
the species typically achieves its 
greatest canopy presence 

Early = 0 
Early to late = 50 
Late = 100 

 Habitat specificity3 Habitat specificity relative to all 
other central Oregon tree 
species 

Low = 0 
Medium = 50 
High = 100 

 Drought tolerance3 Drought tolerance relative to all 
other central Oregon tree 
species 

High = 0 
Medium = 50 
Low = 100 
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• For each tree species, one would need to 
quantify whether its existing ecological 
adaptations to fire would be sufficient under a 
predicted future fire regime. 

Although we did not include wildfire risk in our 
quantitative analysis, we reviewed the adaptations of 
individual tree species to wildfire during the course of 
this project. This information is summarized in tables 
A5-5 and A5-6. 

To conduct this assessment, we compiled information 
on individual tree species from a variety of sources 
including Silvics of North America (Burns and 
Honkala 1990), The Woody Plant Seed Manual 
(Bonner and Karrfalt 2008), the FIA annual inventory 
(USDA Forest Service 2010b), and other sources in 
the scientific literature. Information on insect and 
disease threats was provided by an expert panel from 
the U.S. Forest Service, Pacific Northwest Region 
Forest Health Protection Program Central Oregon 
Service Center. Compiled information is presented as 

Table A5-4, continued 

Risk factor Variable Description Scoring system 

Adaptive 
genetic 
variation3 

Elevation band width 
of seed zones4 

Range in elevation within which 
maladaption due to seed 
movement is minimized 

No elevation bands = 0 
> 1,500 ft = 33 
1,000 to 1,500 ft = 67 
 < 1,000 ft = 100 

 Pollen dispersal vector Wind or insects Wind = 0 
Insects = 100 

 Disjunct populations Populations that are disjunct 
from the main portion of the 
species’ range 

No disjunct populations = 0 
One or more such populations = 100 

Major insect 
and disease 
threats5 

Threat Insect or disease that impacts 
the health or survival of the 
species 

Score for each threat is calculated as the 
product of the severity and immediacy 
scores 

Severity A rating of the present impact of 
insect or disease threats  

Minor mortality, usually of already-stressed 
trees = 1 
Moderate mortality in association with 
other threats = 3 
Moderate mortality of mature trees = 5 
Significant/complete mortality in related 
species = 6 
Significant mortality of mature trees = 8 
Complete mortality of all mature trees = 10 

Immediacy Threats weighted based on 
immediacy and present or 
expected exacerbation by a 
changing climate 

Potential to reach region of interest = 1 
Present in region = 2 
Present in region and climate change 
appears to be a contributing factor in 
increases in distribution and impact = 3 

1 Higher scores indicate greater vulnerability. 
2 See distribution maps in appendix 7. 
3 Unless otherwise noted, all information is taken from published literature, which is summarized in the tree profiles in appendix 8. 
4 Randall and Berrang (2002). 
5 Information provided by expert panel, U.S. Forest Service Pacific Northwest Forest Health Protection Program. 
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tree species distribution maps and profiles (appendices 
7, 8). For each species, we assigned numerical ratings 
(0 to 100) to each of the variables within each risk 
factor (table A5-4). We then averaged all of the 
variable ratings for each species within each risk factor 
to determine a raw factor score for that species. Next, 
we scaled all of the species’ raw factor scores within 
each factor from 0 to 100 (i.e., we set the lowest 
species score to 0, the highest to 100, and adjusted all 

other species’ scores proportionally). The purpose of 
the scaled scores is to provide equal weighting to each 
of the five risk factors for calculation of the overall 
vulnerability score for each species. Finally, we 
calculated an overall vulnerability score for each 
species based on an average of the five risk factor 
scores. We then ranked the species according to 
overall vulnerability score. 

Table A5-5. Influence of fire on group 1 tree species of central Oregon1 

Species 
Fire resistance of mature 

trees 

Fire in typical habitat 

Frequency2 Intensity 
Douglas-fir Moderate to high Frequency increases on drier 

sites 
Intensity increases with 

longer MFRI 
Engelmann spruce Very low Low; MFRI 150+ yr High 

Grand fir - white fir Moderate Variable, more frequent on drier 
sites 

Variable; increases with 
longer MFRI 

Incense-cedar Increases with age; large trees 
have moderate resistance 

Historically frequent; now 
variable, but more frequent 
on drier sites 

Variable 

Mountain hemlock Low Low; MFRI 400-800 yr High 

Noble fir - Shasta red 
fir 

Low to moderate Moderate; average MFRI      
40-60 yr 

Moderate 

Pacific silver fir Very low Low; MFRI <200 yr High 

Ponderosa pine High High prior to settlement, MFRI 
<30 yr; now less frequent 

Increases with longer MFRI 

Sierra lodgepole pine Moderate; survives low-
severity fire 

Variable; MFRI often 25-75+ yr Variable 

Subalpine fir Very low Low; MFRI >100 yr Usually high 

Sugar pine Moderate to high; mature trees 
survive most fires 

Historically frequent; now 
variable, but more frequent 
on drier sites 

Variable 

Western hemlock Low Low High 

Western juniper Increases with age; large trees 
have moderate resistance 

Variable; MFRI 7-25 yr, 
sometimes >100 yr 

Depends on stand age & 
density; fine fuels 
decrease with stand age 

Western larch High; regenerates rapidly from 
seed 

Variable; MFRI 25-75+ yr Variable 

Western white pine Moderate; regenerates well 
after severe fire 

Variable Variable 

Whitebark pine Moderate; survives low-
severity fire 

Variable; MFRI 30-350+ Variable 

1 Data from Fischer et al. (1996) and Agee (1993). 
2 MFRI = mean fire-return interval. 
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VULNERABILITY ASSESSMENT 
RESULTS: GROUP 1 TREE 
SPECIES 

In the sections that follow, we describe the five risk 
factors and the variables that we used to rate climate 
change vulnerability for the forest canopy tree species 
of central Oregon. Following a brief description of the 
methodology used for each factor, we list key 
observations and present a table of the variable ratings 
and factor scores. Both raw scores and scaled scores 
are presented for each factor. These overall 
vulnerability scores and rankings are presented at the 
end of this section. 

Distribution 

Approach 

The distribution risk factor is composed of three 
variables selected to describe the distribution of each 
tree species in central Oregon: Frequency of 
Occurrence, Proportion of Canopy Trees, and 
Distribution in Central Oregon (table A5-7). The first 
two of these three variables were calculated using FIA 
data (table A5-4); the FIA plots on which each species 
occurred are shown in supplement A5S2. Selection of 
these three variables was based on the premise that if a 
species is common, has a broad geographic 
distribution, and a relatively high level of canopy 
dominance, then its vulnerability to climate change is 
reduced. The dominant and co-dominant canopy trees 
are generally the trees with the greatest vigor and 
reproductive capacity; thus, a species with a high 

Table A5-6. Influence of fire on group 2 tree species of central Oregon1 

Species 
Fire resistance of         

mature trees 

Fire in typical habitat 

Frequency2 Intensity 
Bitter cherry Low, but sprouts readily after 

top-kill 
Variable; occurs in a wide variety 

of forest types 
Variable 

Black cottonwood Low, but sprouts vigorously Variable, depends on site forest 
type 

Variable, depends on site 
and forest type 

Cascara  Low, but sprouts readily after 
top-kill 

Variable, depending on forest 
type; MFRI 30-320 yr 

Variable 

Golden chinquapin Low to moderate for thick-
barked mature trees; 
sprouts readily after top-kill 

Variable, depending on forest 
type 

Variable 

Pacific yew Very low Abundance is positively related to 
time since last fire 

Often high, because 
MFRI are long 

Quaking aspen Low to moderate; regenerates 
rapidly after fire 

Variable; frequency greatly 
reduced post-settlement  

Variable; low-intensity to 
stand-replacing 

Red alder Resistant to low-intensity fire Infrequent on moist sites where it 
usually occurs 

Variable 

Rocky Mountain maple Low, but sprouts vigorously Variable; occurs in a wide variety 
of forest types 

Variable; occurs in a wide 
variety of forest types 

Scouler’s willow Low, but sprouts vigorously 
after top-kill 

Variable, depending on forest 
type 

Variable 

1 Data from Fischer et al. (1996) and Agee (1993). 
2 MFRI = mean fire-return interval. 
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degree of canopy dominance was assumed to be more 
likely to maintain its presence. For the three variables 
in this factor: 

• Frequency of Occurrence was calculated as 
the percentage of FIA plots on which a given 
species occurred as a live tree (diameter >5 in 
[13 cm]). The vulnerability score ranged from 
0 (for the species occurring on the most plots) 
to 100 (for the species occurring on the fewest 

plots), with values for all other species 
assigned proportionally, according to the 
percentage of plots on which each occurred. 

• Proportion of Canopy Trees was calculated 
based only on the plots on which a given 
species occurred as a canopy tree (i.e., a tree 
coded by FIA as dominant, codominant, or 
open-grown). For each of these plots, we 
calculated the percentage of all canopy trees 

Table A5-7. Distribution risk factor for a climate change vulnerability assessment of major central Oregon tree 
species. Included are scores (0 to 100; 100 = greatest vulnerability) for three variables representing 
distribution-related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 

FIA data  Score 

Frequency of 
occurrence 
(% of plots) 

Proportion 
of canopy 
trees (%)  

Frequency of 
occurrence1 

Proportion 
of canopy 

trees1 

Distribution 
in central 
Oregon2 

Raw 
factor 
score 

Scaled 
factor 
score 

Western hemlock 03 3  1003 3 75 88 100 

Whitebark pine 2.3 14.1  97 98 50 81 93 

Incense-cedar 4.1 14.2  94 97 50 80 91 

Engelmann spruce 1.5 23.1  98 81 50 76 86 

Subalpine fir 2.3 23.3  97 81 50 76 86 

Western larch  1.4 27.8  98 72 50 73 83 

Sugar pine 3.0 13.5  96 99 25 73 82 

Western white pine 5.3 12.8  92 100 25 72 81 

Noble fir - Shasta red fir 4.1 29.0  94 70 50 71 80 

Pacific silver fir 1.6 36.0  98 57 50 68 76 

Douglas-fir 11.4 24.9  83 78 25 62 69 

Mountain hemlock 6.6 52.3  90 27 50 56 61 

Western juniper 19.1 66.3  72 1 25 33 33 

Grand fir - white fir 26.9 48.3  60 34 0 32 31 

Sierra lodgepole pine 41.7 66.9  38 0 0 13 8 

Ponderosa pine 67.5 57.2  0 18 0 6 0 

1 Highest = 0; lowest = 100; all other species scored in proportion to where their values fell between these two extremes. 
2 Wide = 0; moderate = 25; narrow = 50; very narrow = 75; rare = 100. 
3 This species did not appear on any FIA plots, likely because stands did not meet the minimum stocking criteria for plot establishment. The 
factor score was calculated by averaging the other two variables, rather than all three variables. 
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that the given species represented; we then 
averaged this percentage across these plots. 
The vulnerability score was calculated in the 
same manner as the Frequency of Occurrence 
variable, with the species composing the 
lowest percentage of canopy trees receiving 
the highest vulnerability score (i.e., 100). 

• Values for the Distribution within Central 
Oregon variable were assigned after 
evaluating the distribution of each species as 
shown on the maps in appendix 7. All sources 
of species occurrence data were used, not just 
data from FIA. Unlike the other two variables 
in this risk factor, this was a qualitative 
determination based on each species’ 
distribution within central Oregon. Thus, this 
variable accounted for the spatial distribution 
of occurrences, whereas the Frequency of 
Occurrence variable was calculated only from 
the number of occurrences. 

Key Observations 

Several patterns emerged: 

• Frequency of occurrence on FIA plots was 
highest for ponderosa pine (68 percent) and 
lodgepole pine (42 percent). Ten species 
occurred on 5 percent or fewer of FIA plots. 
Western hemlock did not occur on any FIA 
plots, but was inventoried in other surveys 
(appendix 7). 

• The species averaging the greatest proportion 
of canopy trees on the plots where they 
occurred were lodgepole pine (67 percent), 
western juniper (66 percent), ponderosa pine 
(57 percent), mountain hemlock (52 percent), 
and the grand fir-white fir complex (48 
percent). The species least represented among 
canopy trees were  western white pine (13 
percent), sugar pine, whitebark pine, and 
incense-cedar (all 14 percent). 

• Based on distribution data from all sources, 
western hemlock was rated as having a very 

narrow species distribution. Eight species 
were rated as having narrow distributions; four 
species had moderate distributions, and three 
species (ponderosa pine, lodgepole pine, and 
the grand fir-white fir complex) were 
classified as having wide distributions within 
the central Oregon study area. 

Western hemlock, whitebark pine, and incense-cedar 
were rated as most vulnerable for the distribution risk 
factor. Among these top species, the study area was 
generally outside the range of western hemlock and 
incense-cedar, which led to their limited distributions 
(appendix 7). Whitebark pine occurred in several 
scattered, high-elevation populations. Several species 
with relatively high scores (76 or higher) were limited 
to near the Cascade Range crest: Engelmann spruce, 
subalpine fir, Shasta red fir, Pacific silver fir. The 
species with the lowest distribution risk factor scores 
were ponderosa pine and lodgepole pine, followed by 
the grand fir-white fir complex and western juniper. 

Reproductive Capacity 

Approach                 

The variables in this risk factor relate to regeneration 
and seed dispersal: Seed Dispersal Vector, Fecundity, 
Seed Dispersal Capacity, Minimum Seed-Bearing 
Age, and Dioecy (breeding system) (table A5-8). At 
greater risk are species with bird or mammal seed 
dispersal vectors, lower production of viable seed, less 
frequent seed crops, later seed-bearing age, shorter 
seed dispersal distances, and more complex breeding 
systems. Because many of these tree species need 
openings to reproduce, reproductive capacity rankings 
in this case represent the relative ability of species to 
migrate and regenerate after large-scale disturbances, 
which are expected to become more frequent in the 
future under a changing climate (Littell et al. 2010).  

These scores are based on present seed biology and 
climate (including wind patterns); some of these 
characteristics may change over the next century as 
trees acclimate to a changing environment. Therefore, 
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the information presented here is appropriate for the 
near future only and must be updated as new 
information becomes available. 

Key Observations 

• All but two species, whitebark pine and 
western juniper, use wind as the sole or 
primary means of seed dispersal. The primary 

seed disperser of whitebark pine seed is the 
Clark’s nutcracker. Western juniper cones are 
dispersed by small mammals, birds, and 
gravity. Both of these species will be 
especially at risk for a severe reduction in seed 
dispersal if their interactions with bird and 
mammal vectors are disrupted. In the case of 
whitebark pine, this could occur if there are 

Table A5-8. Reproductive capacity risk factor for a climate change vulnerability assessment of major central Oregon 
tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for five variables representing 
reproduction-related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 

Seed 
dispersal 

vector 

Score 

Seed-
dispersal 
vector1 Fecundity2 

Seed 
dispersal 
distance3 

Minimum 
seed-bearing 

age4 Dioecy5 

Raw 
factor 
score 

Scaled 
factor 
score 

Western juniper Birds, 
mammals 

100 50 100 100 0 70 100 

Whitebark pine Clark’s 
nutcracker, 

small 
mammals 

100 100 0 100 0 60 80 

Pacific silver fir Wind 0 50 100 100 0 50 60 

Noble fir - Shasta red fir Wind 0 50 100 100 0 50 60 

Engelmann spruce Wind 0 50 100 100 0 50 60 

Grand fir - white fir Wind, 
mammals 

0 50 100 50 0 40 40 

Subalpine fir Wind 0 50 100 50 0 40 40 

Sugar pine Wind 0 0 100 100 0 40 40 

Incense-cedar Wind 0 50 50 50 0 30 20 

Sierra lodgepole pine Wind 0 0 100 50 0 30 20 

Douglas-fir Wind 0 0 100 50 0 30 20 

Western hemlock Wind 0 0 50 100 0 30 20 

Ponderosa pine Wind 0 0 100 0 0 20 0 

Western larch Wind 0 0 50 50 0 20 0 

Western white pine Wind 0 0 50 50 0 20 0 

Mountain hemlock Wind 0 0 50 50 0 20 0 

1 Primarily abiotic = 0; primarily biotic = 100. 
2 High = 0; medium = 50; low = 100. 
3 Greater than 0.5 mile = 0; 400 ft to 0.5 miles = 50; less than 400 ft = 100. 
4 Less than 10 years = 0; 10 to 20 years = 50; more than 20 years = 100. 
5 Monoecious = 0; dioecious = 100. 
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changes in the events that trigger the 
movement of the Clark’s nutcracker or in the 
timing of seed production. 

• The scores for fecundity (low, medium, and 
high) were based on a qualitative assessment 
of size and frequency of seed crops, 
proportion of filled seed in mature cones or 
fruits, and germination rate. One species, 
whitebark pine, was classified has having low 
fecundity. 

• Most of the species examined in this 
assessment have a seed dispersal distance of 
less than 400 ft (122 m) (score = 100). Five 
species have seed dispersal distances between 
400 and 2,600 ft (122 to 792 m) (score = 50). 
One species, whitebark pine, has the 
advantage of longer-distance seed dispersal 
(score = 0) due to seed dispersal by Clark’s 
nutcrackers which can cache seeds up to 20 
miles (32 km) from source trees. 

• All but one species were classified into groups 
of 10 to 20 years or more than 20 years for 
minimum seed-bearing age. Ponderosa pine 
was the exception and is capable of producing 
seed earlier than all other species in group 1 at 
about age 7 years. 

• All species in group 1 are monoecious (both 
male and female reproduction on the same 
individual). Therefore, the dioecy variable had 
no effect on ranking.   

The species with the highest risk factor score (100), 
and thus the greatest vulnerability, was western juniper 
due to bird and mammal seed dispersal vectors, low 
fecundity and seed dispersal distance, and a high 
minimum seed-bearing age. Whitebark pine (80) 
ranked second and had characteristics similar to 
western juniper, except for long seed-dispersal 
distances, which reduced its vulnerability. The next 
highest-scoring group (score 60) included two true 
firs, Pacific silver fir and the grand fir-white fir 
complex, and Engelmann spruce. Shorter seed 
dispersal distances and higher minimum seed-bearing 
ages resulted in these higher scores. 

The species with the lowest scores (0), and thus rated 
least vulnerable in terms of reproductive capacity, 
were ponderosa pine, western larch, western white 
pine, and mountain hemlock. High production of 
wind-dispersed seed and relatively low minimum 
seed-bearing ages or large seed-dispersal distances 
increase these species’ potential for post-disturbance 
reproduction. Two of these species, ponderosa pine 
and western larch, along with Douglas-fir, are the 
primary species planted on the national forests of 
central Oregon. With a score of 20, Douglas-fir is also 
among the least vulnerable to climate change based on 
reproductive capacity. The Deschutes National Forest 
plants a small percentage (1 to 2 percent) of western 
white pine, sugar pine, and lodgepole pine each year. 
These species received low to moderate scores of 0, 
40, and 20, respectively. Thus, all commercial species 
had low to moderate scores for this risk factor. 

Habitat Affinity 

Approach 

The habitat affinity risk factor consists of four 
variables selected to describe how a species’ habitat 
affinities are expected to influence its vulnerability to 
projected changes in climate (table A5-9). The four 
variables are: Mean Elevation, Successional Stage, 
Habitat Specificity, and Drought Tolerance. Species 
occurring at high elevations are more vulnerable to 
climate change, specifically warming temperatures, 
because the extent of their habitat and their pathways 
of migration become increasingly limited (Parmesan 
2006). Mean Elevation was calculated from all 
occurrences on FIA plots in the study area. The 
vulnerability score ranged from 0 (the species with the 
lowest mean elevation) to 100 (the species with the 
highest mean elevation), with values for all other 
species assigned proportionally, according to where 
their mean elevations fell between these two extremes. 

The Successional Stage variable was included because 
species adapted to late successional stages generally 
have greater within-population genetic diversity than 
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species of early successional stages (Hamrick et al. 
1992) and thus are assumed to be more vulnerable to 
loss of genetic diversity (Myking 2002, Potter and 
Crane 2010). We based the Successional Stage 
variable on the successional stage at which a tree 
species typically becomes a significant component of 
the forest canopy. Habitat Specificity represents the 
specificity of a given species’ habitat requirements 
relative to other tree species in central Oregon. Species 

with high habitat specificity were assigned high 
vulnerability scores because they were considered 
more vulnerable to habitat loss associated with climate 
change. Drought Tolerance was included because 
projected increases in summer temperatures are likely 
to be associated with increased drought, even if no 
substantial change occurs in summer precipitation. 
Species with higher tolerance of drought were 
assigned lower vulnerability scores. 

Table A5-9. Habitat affinity risk factor for a climate change vulnerability assessment of major central Oregon tree 
species. Included are scores (0 to 100; 100 = greatest vulnerability) for four variables representing habitat-
related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 
Mean 

elevation (ft)1 

Score 

Mean 
elevation2 

Successional 
stage3 

Habitat 
specificity4 

Drought 
tolerance5 

Raw 
factor 
score 

Scaled 
factor 
score 

Pacific silver fir 5,639 52 100 50 100 75 100 

Mountain hemlock 6,004 68 50 50 100 67 83 

Subalpine fir 5,821 60 50 50 100 65 79 

Western hemlock 5,500 45 50 50 100 61 72 

Engelmann spruce 5,100 27 50 50 100 57 63 

Noble fir - Shasta red fir 5,942 65 0 50 100 54 57 

Western white pine 5,936 65 50 50 50 54 57 

Whitebark pine 6,703 100 0 100 0 50 50 

Sugar pine 5,388 40 50 50 50 48 45 

Grand fir - white fir 5,526 47 50 0 50 37 23 

Western larch 5,317 37 0 50 50 34 18 

Sierra lodgepole pine 5,273 35 0 50 50 34 17 

Incense-cedar 5,097 27 50 50 0 32 13 

Ponderosa pine 5,053 25 50 50 0 31 12 

Douglas-fir 4,908 18 50 0 50 30 9 

Western juniper 4,501 0 50 50 0 25 0 
1 Mean elevations of all occurrences on FIA plots. 
2 Lowest elevation = 0; highest elevation = 100; all other species scored in proportion to where their values fell between these two 
extremes. 
3 Early = 0; early to late = 50; late = 100. 
4 Low = 0; medium = 50; high = 100. 
5 High = 0; medium = 50; low = 100. 
6 Because this species did not occur on any FIA plots, we used mean elevation data of occurrences on CVS plots, which were established 
using a comparable protocol. 
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Key Observations 

For the habitat affinity risk factor: 

• Differences in mean elevation among species 
were relatively small, ranging from 4,501 to 
6,703 ft (1,372 to 2,043 m). Excluding the 
highest-elevation species, whitebark pine, the 
mean elevation range of the remaining species 
was only 1,503 ft (458 m). When ranked 
according to mean elevation, the largest gaps 
between species occurred between the highest-
elevation species, whitebark pine, and the 
second-highest species (mountain hemlock), 
and between the lowest-elevation species, 
western juniper, and the second-lowest species 
(Douglas-fir). 

• All of the species occur in early or early to late 
successional stages, with the exception of 
Pacific silver fir which typically achieves its 
highest level of canopy representation at late 
successional stages. 

• Whitebark pine was the only species rated as 
having high habitat specificity. Two species 
were rated as having low habitat specificity 
(the grand fir-white fir complex and Douglas-
fir). 

• We rated four species as having high drought 
tolerance: western juniper, ponderosa pine, 
incense cedar, and whitebark pine. Six species 
had low drought tolerance (Pacific silver fir, 
mountain hemlock, subalpine fir, Engelmann 
spruce, and Shasta red fir). Drought-tolerance 
ratings were assigned relative to the other trees 
of central Oregon; thus, some ratings differ 
from those assigned to the same species in the 
coastal Pacific Northwest. 

Pacific silver fir had the highest habitat affinity 
vulnerability score for the habitat affinity risk factor, 
followed by mountain hemlock, subalpine fir, and 
western hemlock. Pacific silver fir was ranked highest 
in vulnerability owing to its late-successional canopy 
presence and its low drought tolerance. The next three 
species were separated only by differences in mean 

elevation scores. Western juniper and Douglas-fir had 
the lowest habitat affinity vulnerability scores, 
followed by ponderosa pine, incense-cedar, lodgepole 
pine, and western larch.  

Adaptive Genetic Variation 

Approach 

The adaptive genetic variation factor is based on 
elements that describe a tree species’ ability to adapt to 
a changing climate: genetic diversity, gene flow, and 
population structure. Genetic variation in adaptive 
traits is important because it provides the raw 
materials for populations to cope with climate change 
through evolution (Aitken et al. 2008). Forest trees 
generally have high levels of both within- and among-
population genetic diversity for quantitative traits 
related to adaptation. A wealth of information has been 
collected on this type of genetic variation in 
commercially important trees species through common 
garden experiments. This information has been critical 
in developing seed zones and elevation bands to guide 
seed movement (Randall 1996). 

Rehfeldt (1994) used the term specialist to describe 
species in which genetic variability is organized into 
numerous local populations, each of which is 
physiologically specialized for a particular range of 
environments. Conversely, the term generalist 
describes species in which individuals, and therefore 
populations, are attuned to a broad range of 
environments. Because specialist species are closely 
adapted to their local environment and do not have the 
necessary adaptive genetic variation within 
populations to rapidly adapt to a changing climate, 
they are more susceptible to changes in climate. The 
general characteristics of these alternative evolutionary 
strategies are shown in table A5-10. 

Genetic variation in traits related to local adaptation is 
critically important in assessing vulnerability to 
climate change. Seed zones delineated for 
commercially important tree species reflect levels of 
genetic variation in adaptive traits; however, the 
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number and size of these 
zones also are dependent on 
the distribution of the 
species. Therefore, in this 
risk factor, we used seed 
zone elevation band width 
(within this study area) as a 
surrogate for adaptive 
genetic variation. Species 
with one or no elevation 
bands are considered 
generalists with wide 
climatic tolerances, whereas 
species with several narrow elevation bands are 
considered specialists, highly adapted to their local 
environment, with specific climatic requirements. For 
example, elevation band widths that determine seed 
transfer zones for Douglas-fir, a specialist species, are 
1,000 ft (305 m), whereas for western white pine, a 
generalist species, there are no elevation restrictions 
on seed transfer (Campbell and Sugano 1989, Randall 
1996). Because specialist species are more vulnerable 
to changes in climate, species with narrow elevation 
bands within their central Oregon range were given a 
higher vulnerability score (table A5-11). It should be 
noted that, for a given species, elevation band width 
within our study area may differ from that elsewhere 
in the species’ range.  

Evolution and response to natural selection depend on 
a number of factors including genetic diversity present 
within populations and gene flow from adjacent 
populations (Aitken et al. 2008). For example, gene 
flow into a population from adjacent populations 
growing at warmer temperatures (such as populations 
at lower elevations or further south) can increase the 
rate of adaptation by introducing genetic variation that 
is pre-adapted to a warmer climate. Gene flow occurs 
through the movement of pollen and seed; however, 
neither of these vectors is easy to measure on a 
quantitative basis. All of the group 1 species are wind-
pollinated and all but two species (whitebark pine and 
western juniper) also produce seeds that are dispersed 
by primarily by wind. Species that are insect-
pollinated are more vulnerable to climate change 

because of the required interaction with another 
organism; climate change may affect the seasonal 
patterns of insect pollinator activity and thus disrupt 
the synchrony between the pollinators and the time of 
flowering, negatively affecting gene flow. However, 
because all of the group 1 species are wind-pollinated, 
this variable had no effect on the risk factor score 
ranking (table A5-11). Trees with animal-dispersed 
seed were assigned higher vulnerability ratings (in the 
reproductive capacity risk factor; table A5-8) because 
of their dependence on interactions with another 
organism. 

Populations that are disjunct from other parts of a 
species’ distribution may evolve to be genetically 
distinct due to the lack of exchange of genetic material 
among populations. This may or may not be reflected 
in adaptive genetic variation, but regardless, this 
genetic “uniqueness” makes these populations high 
priorities for conservation so these species represented 
by disjunct populations received a higher vulnerability 
rating. Additionally, gene flow into populations that 
are isolated or fragmented is often interrupted, which 
increases the future vulnerability of these populations, 
as opportunities to receive novel adaptive genetic 
variation are restricted. Whitebark pine and western 
white pine are the only species with geographically 
isolated populations in central Oregon. Populations of 
whitebark pine on the national forests are generally 
small, and in most cases are restricted to isolated 
mountain peaks. Although whitebark pine seed can be 
transported long distances by the Clark’s nutcracker 

Table A5-10. Comparison of alternative evolutionary strategies 

Characteristic 

Evolutionary strategy 

Specialist Generalist 

Factor controlling physical expression of 
adaptive traits 

Genotype Environment 

Mechanism for accommodating 
environmental heterogeneity 

Genetic 
variation 

Phenotypic 
plasticity 

Range of environments across which 
physiological processes function optimally 

Small Large 

Slope of gradients for adaptive traits Steep Flat 

Source: Rehfeldt 1994. 
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(up to 20 miles (32 km), Lorenz et al. 2011), 
populations on different mountain ranges will have 
restricted gene flow, which could negatively impact 
their ability to adapt to changes in climate, making 
them more vulnerable. Western white pine also has 
populations on these national forests that are 
geographically isolated from the larger distribution in 
the Cascade Range. However, the overall distribution 
of western white pine extends southward to the 

southern Sierra Nevada Range in California and is 
largely contiguous, facilitating gene flow. Therefore, 
although the isolated central Oregon populations of 
western white pine may be at higher risk from the 
potential impacts of climate change, their presence 
does not increase the risk to the entire species. 
Therefore this species was not assigned a score of 100 
for the Disjunct Populations variable, whereas 
whitebark pine was. 

Table A5-11. Adaptive genetic variation risk factor for a climate change vulnerability assessment of major 
central Oregon tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for three 
variables representing vulnerabilities related to adaptive genetic variation as well as factor scores based 
on the average of the variable scores 

  
Species 

Pollen 
dispersal 

vector 

Score 

Seed zone 
elevation 

band width1 

Pollen 
dispersal 
vector2 

Disjunct 
populations3 

Raw 
factor 
score 

Scaled 
factor 
score 

Douglas-fir Wind 100 0 0 33 100 

Whitebark pine Wind 0 0 100 33 100 

Grand fir - white fir Wind 67 0 0 22 67 

Subalpine fir Wind 67 0 0 22 67 

Incense-cedar Wind 67 0 0 22 67 

Western larch Wind 67 0 0 22 67 

Engelmann spruce Wind 67 0 0 22 67 

Sierra lodgepole pine Wind 67 0 0 22 67 

Ponderosa pine Wind 67 0 0 22 67 

Western hemlock Wind 67 0 0 22 67 

Pacific silver fir Wind 33 0 0 11 33 

Noble fir - Shasta red fir Wind 33 0 0 11 33 

Sugar pine Wind 33 0 0 11 33 

Mountain hemlock Wind 33 0 0 11 33 

Western juniper Wind 0 0 0 0 0 

Western white pine Wind 0 0 0 0 0 

1 No seed zone elevation bands = 0; bands wider than 1,500 ft = 33; bands 1,000 to 1,500 ft = 67; bands less than 1,000 ft = 100. 
2 Primarily abiotic pollination vectors = 0; primarily biotic pollination vectors = 100. 
3 No disjunct populations = 0; one or more such populations = 100. 
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Data for all variables in this risk factor were obtained 
from the scientific literature. Formal tree seed zones 
have not been delineated for parts of central Oregon, 
so elevation band widths were obtained from the 
Oregon Department of Forestry, Forest Tree Seed 
Zones for Western Oregon (Randall 1996) and 
Washington Tree Seed Transfer Zones (Randall and 
Berrang 2002) for all species with the exception of 
whitebark pine, subalpine fir, western larch, and 
mountain hemlock. Formal seed zones have not been 
delineated for these species, but published information 
on adaptive genetic variation was used in combination 
with the elevation range of these species in central 
Oregon (shown on inset graphs on maps in appendix 
7) to assign scores for this variable. Information on 
whitebark pine from obtained from Bower and Aitken 
(2008) and Aubry et al. (2008); information on 
mountain hemlock was obtained from Benowicz and 
El-Kassaby (1999) and Benowicz et al. (2001b), and 
information on subalpine fir was obtained from 
Warwell (pers. comm.). No information on genetic 
variation was available for western juniper; however, 
because of its relatively narrow elevation distribution, 
it was assumed that no elevation bands would be 
needed to separate populations. 

Key Observations 

• Douglas-fir, which is a specialist species 
closely adapted its local environment, scored 
in the highest group in this factor. 

• Whitebark pine was the only species with 
disjunct or geographically isolated 
populations; it ranked high with the same 
overall score as Douglas-fir, a widely 
distributed species with narrow elevation 
bands. 

• Western white pine is a generalist species with 
broad environmental tolerances and is the only 
widespread conifer that has no elevation 
bands; it therefore scored low in this risk 
factor. 

Insects and Diseases 

Approach 

This risk factor includes insects and diseases that 
presently affect the tree species under assessment or 
are expected to exacerbate the negative impacts of 
climate changes on tree survival, growth, or vigor 
(table A5-12). For each tree species, the most 
important insect and disease threats within the area of 
analysis were determined by entomologists and 
pathologists of the USFS Forest Health Protection 
Central Oregon Service Center, who rated each insect 
and disease according to the severity and immediacy 
of its impact. The score for each threat to each species 
was calculated by multiplying the severity and 
immediacy ratings; the factor score for each species is 
the sum of all individual threat scores for that species. 

We made one modification to Potter and Crane’s 
(2010) original format for this risk factor; we altered 
their threat immediacy rating scale to better represent 
threats in central Oregon. We changed the definition of 
immediacy score 2, “approaching region of interest,” 
to “present in region;” and we changed the definition 
of immediacy score 3, “present in region,” to “present 
in region and climate change appears to contribute to 
increases in distribution and impact.” Although 
species-specific predictions for the future remain 
uncertain, these changes were made because there are 
indications that the current trend in climate warming 
has already exacerbated the effects of several insects 
and diseases on tree species of central Oregon. 

Key Observations 

Each tree species was assigned between 1 and 5 
threats. These threats are arranged in table A5-12 from 
highest to lowest score (threat 1 is highest; threat 2 is 
second highest, etc.). Tree species/threat combinations 
were assigned severity scores ranging from 1 (minor 
mortality, usually of already-stressed trees) to 8 
(significant mortality of mature trees) and immediacy 
scores of 2 (present in region) or 3 (present in region  
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Table A5-12. Insects and diseases risk factor for a climate change vulnerability assessment of major central Oregon tree 
species. Vulnerability scores for as many as five major threats per tree species are shown 

Species 

Threat 1  Threat 2  Threat 3 

Threat Se
ve

rit
y1  

Im
m

ed
ia

cy
2  

Sc
or

e3  

  Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e 
 Threat Se

ve
rit

y 

Im
m

ed
ia

cy
 

Sc
or

e 

Douglas-fir Douglas-fir beetle 5 3 15  Douglas-fir dwarf 
mistletoe 

5 2 10  Armillaria root 
disease 

3 3 9 

Ponderosa pine Western pine beetle 5 3 15  Mountain pine 
beetle 

3 3 9  Western dwarf 
mistletoe 

3 2 6 

Grand fir - white fir Fir engraver 8 2 16  Douglas-fir 
Tussock moth 

3 2 6  Western Spruce 
Budworm 

3 2 6 

Subalpine fir Balsam woolly 
adelgid 

5 2 10  Western balsam 
bark beetle 

3 3 9  Pityokteines 
minutus 

3 3 9 

Whitebark pine Mountain pine 
beetle 

8 3 24  White pine blister 
rust 

3 2 6      

Sierra lodgepole pine Mountain pine 
beetle 

8 3 24  Ips bark beetles 1 3 3  Armillaria root 
disease 

1 3 3 

Sugar pine Mountain pine 
beetle 

5 2 10  Armillaria root 
disease 

3 2 6  White pine blister 
rust 

3 2 6 

Western larch Larch dwarf 
mistletoe 

8 2 16  Armillaria root 
disease 

1 3 3  Larch casebearer 1 2 2 

Mountain hemlock Mountain hemlock 
dwarf mistletoe 

5 2 10  Armillaria root 
disease 

1 3 3      

Engelmann spruce Spruce beetle 3 3 9  Tomentosus root 
rot 

1 2 2  Western Spruce 
budworm 

1 2 2 

Western white pine White pine blister 
rust 

3 2 6  Mountain pine 
beetle 

1 3 3  Armillaria root 
disease 

1 3 3 

Pacific silver fir Silver fir beetle 1 3 3  Armillaria root 
disease 

1 3 3  Heterobasidion 
root disease 

1 2 2 

Noble fir - Shasta red fir Laminated root rot 1 2 2  Armillaria root 
disease 

1 2 2  Heterobasidion 
root disease 

1 2 2 

Western hemlock Armillaria root 
disease 

1 3 3            

Incense-cedar Cedar bark beetle 1 2 2    
    

  
   

Western juniper Cedar bark beetle 1 2 2    
      

   
      

1 Minor mortality, usually of already-stressed trees = 1; moderate mortality in association with other threats = 3; moderate mortality of mature trees 
= 5; significant/complete mortality in related species = 6; significant mortality of mature trees = 8; mortality of all mature trees = 10. 
2 Potential to reach region of interest = 1; present in region = 2; present in region and climate change appears to be a contributing factor in 
increases in distribution and impact = 3. 
3 Score is the product of multiplying severity and immediacy values. 
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and climate change appears to be contributing to 
increases in distribution and impact). 
The insect threats with the highest scores were: 

• Mountain pine beetle/whitebark pine (24) 

• Mountain pine beetle/lodgepole pine (24) 

• Grand fir-white fir complex/fir engraver (16) 

• Douglas-fir beetle/Douglas-fir (15) 

• Western pine beetle/ponderosa pine (15). 
The disease threats with the highest scores were: 

• Larch dwarf mistletoe/western larch (16) 

• Mountain hemlock dwarf mistletoe/mountain 
hemlock (10) 

• Douglas-fir dwarf mistletoe/Douglas-fir (10) 

• Armillaria root disease/Douglas-fir (9). 
Among these insect and disease threats with the 
highest scores, severity scores ranged from 3 to 8 and 
immediacy scores were 2 or 3. 

Douglas-fir ranked highest (100) in overall 
vulnerability in the insects and diseases risk factor. 
Next in the rankings were three Pinus species and two 
Abies species, with scores between 68 and 83: 

Table A5-12, continued 

Species 

Threat 4 

 

Threat 5 

  

Score 

Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e 

Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e 

Raw 
factor 
score4 

Scaled 
factor 
score 

Douglas-fir Western Spruce 
budworm 

3 2 6  Douglas-fir Tussock 
moth 

1 3 3  43 100 

Ponderosa pine Armillaria root 
disease 

1 3 3 
 

Ips bark beetle 1 3 3  36 83 

Grand fir - white fir Armillaria root 
disease 

1 2 2 
 

Heterobasidion root 
disease 

1 2 2  32 73 

Subalpine fir Dwarf mistletoe-
Cytospora 
complex 

1 2 2 
 

Western Spruce 
budworm 

1 2 2  32 73 

Whitebark pine            30 68 

Sierra lodgepole pine            30 68 

Sugar pine Ips spp. 1 2 2       24 54 

Western larch            21 46 

Mountain hemlock            13 27 

Engelmann spruce            13 27 

Western white pine            12 24 

Pacific silver fir Balsam woolly 
adelgid 

1 2 2  Laminated root rot 1 2 2  12 24 

Noble fir - Shasta red fir            6 10 

Western hemlock            3 2 

Incense-cedar            2 0 

Western juniper             2 0 

4 Calculated by summing the five threat scores. Higher scores indicate greater vulnerability. 
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ponderosa pine, whitebark pine, and lodgepole pine, 
and the grand fir-white fir complex and subalpine fir. 
Two species had scaled risk factor scores of 0: 
incense-cedar and western juniper. These species had a 
single threat, cedar bark beetle, with a severity score of 
1 (minor mortality). 

Overall Scores and Rankings 
The vulnerability score for each risk factor and the 
overall vulnerability score for each species are 
displayed in table A5-13. The overall vulnerability 
scores were calculated by averaging the five risk 
factors, which were weighted equally. Higher overall 
scores indicate higher projected vulnerability to the 

effects of climate change as measured by the five risk 
factors. General observations on the vulnerability 
scores and rankings shown in table A5-13 include: 

• Among the group 1 tree species, overall 
vulnerability scores ranged from 27 to 78 
(lowest and highest scores possible were 0 and 
100, respectively). When species were ranked 
by score, the scores were distributed relatively 
evenly, with no gaps in scores larger than 9 
points.  

• Unlike our other subregional analysis areas in 
the Pacific Northwest, there was not a strong 
relationship between  tree species’ mean 
elevation and overall vulnerability score (fig. 

Table A5-13. Summary of five risk factor scores, and overall vulnerability scores, in a climate change vulnerability 
assessment of major central Oregon tree species 

Species 

Risk factor scores 

Overall score1 Distribution 
Reproductive 

capacity 
Habitat 
affinity 

Adaptive 
genetic 

variation 
Insects and 

disease 
Whitebark pine 93 80 50 100 68 78 

Subalpine fir 86 40 79 67 73 69 

Engelmann spruce 86 60 63 67 27 61 

Douglas-fir 69 20 9 100 100 60 

Pacific silver fir 76 60 100 33 24 59 

Western hemlock 100 20 72 67 2 52 

Sugar pine 82 40 45 33 54 51 

Noble fir - Shasta red fir 80 60 57 33 10 48 

Grand fir - white fir 31 40 23 67 73 47 

Western larch 83 0 18 67 46 43 

Mountain hemlock 61 0 83 33 27 41 

Incense-cedar 91 20 13 67 0 38 

Sierra lodgepole pine 8 20 17 67 68 36 

Western white pine 81 0 57 0 24 33 

Ponderosa pine 0 0 12 67 83 32 

Western juniper 33 100 0 0 0 27 

1 Calculated by averaging the scores from the five risk factors, each with a range of 0 to 100. Higher scores indicate greater vulnerability. 
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A5-8). Many species typical of higher-
elevation forests had generally higher overall 
vulnerability scores, but there were enough 
exceptions that the trend was weakened. Two 
exceptions were the highest-ranked species, 
whitebark pine, which also had the highest 
mean elevation, and the lowest-ranked species, 
western juniper, which also had the lowest 
mean elevation. When these two species were 
excluded, there was no correlation between 
elevation and vulnerability for the remaining 
14 species (correlation coefficient, r=0.00). 

• The conifers characteristic of low-elevation, 
dry forests (ponderosa pine and western 
juniper) ranked lowest in overall vulnerability. 

• The important 
commercial species 
varied widely in overall 
vulnerability score. 

• For most tree species, 
scores were quite 
variable across the five 
risk factors. Western 
juniper exhibited the 
greatest range, with 
factor scores ranging 
from 0 to 100. 

Results Based on Three 
Risk Factors 
After scoring species based on 
five equally weighted risk 
factors, we posed the following 
question: what if high 
vulnerability scores in fewer 
than five risk factors were 
sufficient to make a species 
highly vulnerable to climate 
change? To answer this, we 
recalculated the overall 
vulnerability scores using only 
the three risk factors with the 
highest scores for each species. 

Thus, for whitebark pine, with factor scores of 93, 80, 
50, 100, and 68, the overall score was recalculated as 
the average of 93, 80, and 100. This new calculation 
was based on the assumption that three areas of high 
vulnerability would be sufficient to raise a species’ 
overall vulnerability to climate change. This differs 
from our five-factor calculation, which was designed 
to be as comprehensive as possible, under the 
assumption that we couldn’t confidently predict which 
specific risk factors will be most important in the 
future. The results of our three-factor calculations are 
shown in table A5-14. We noted several trends: 

• Under a three-factor analysis, as under the 
five-factor analysis, whitebark pine had the 
highest overall vulnerability score. 

 

 
Figure A5-8. Relationship between overall climate change vulnerability score 

and mean elevation of FIA plots on which each of the group 1 tree species 
occurred. The correlation coefficient, r, was 0.52; when PIAL and JUOC were 
removed, r was 0.00 
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• When the three- and five-factor analyses were 
compared, the six most-vulnerable tree species 
remained the same, although they shifted in 
ranking. Similarly, the same four species 
remained at the bottom of the rankings under 
both analyses.  

• When using only the three highest-scoring risk 
factors for each species, none of the species 
changed in ranking by more than three 
positions, and rankings of 14 of the 16 species 
did not change by more than two positions. 

• Because rankings were generally similar 
whether we made the comprehensive analysis 
(all five risk factors) or the analysis that 
emphasized the three areas of greatest 
vulnerability (three-factor analysis), we have 
high confidence that our vulnerability 
assessment approach captures all patterns in 
vulnerability among the five factors we 
examined. 

In addition to the three-factor approach, there are 
many other possible approaches for calculating an 
overall vulnerability score based on the five factor 

Table A5-14. Overall climate change vulnerability rankings and scores for major central Oregon tree species, 
rankings and scores calculated with only the three highest-scoring risk factors, and the change in rank and 
score associated with the three-factor results1 

 
Species rankings based                              

on overall score 
 

Overall vulnerability score 

Species 
Using all 5 

factors 

Using 3 
highest 
factors 

Change in 
rank 

 
Using all 5 

factors 

Using 3 
highest 
factors 

Increase in 
score using 3 

factors 
Whitebark pine 1 1  0  78 91 13 

Douglas-fir 4 2 +2  60 90 30 

Western hemlock 6 3 +3  52 80 27 

Subalpine fir 2 4 -2  69 79 10 

Pacific silver fir 5 5  0  59 79 20 

Engelmann spruce 3 6 -3  61 72 11 

Noble fir - Shasta red fir 8 7 +1  48 66 18 

Western larch 10 8 +2  43 65 22 

Sugar pine 7 9 -2  51 60 9 

Grand fir - white fir 9 10 -1  47 60 13 

Incense-cedar 12 11 +1  38 59 21 

Mountain hemlock 11 12 -1  41 59 18 

Western white pine 14 13 +1  33 54 22 

Ponderosa pine 15 14 +1  32 54 22 

Sierra lodgepole pine 13 15 -2  36 51 15 

Western juniper 16 16  0  27 44 18 

1 Higher scores indicate greater vulnerability; a ranking of 1 = most vulnerable and a ranking of 16 = least vulnerable. 
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scores that we present for each species. For example, 
the simplest approach would be to calculate the 
species’ overall scores giving greater weight to a risk 
factor deemed of particular importance. Alternatively, 
one could apply a limiting factor approach by 
assigning an overall score for each species no lower 
than the score that species received for a chosen risk 
factor. If insects and diseases was chosen as the 
limiting risk factor, whitebark pine would retain its 
current overall score of 78 (table A5-13), because its 
insects and diseases factor score was lower (i.e., 68); 
however, subalpine fir would be scored 73 instead of 
69 because its insects and diseases factor score was 
higher than its overall score. 

Forest Series 

Management of forest tree species can, in some cases, 
likely be carried out more efficiently if applied at a 
scale broader than at the level of individual tree 
species. As an example of this approach, we used 
forest series (also known as climax tree series or plant 
association series) to determine which forest types 
were at highest risk of climate change impacts based 
on their tree species composition. Forest series is 
classified according to the dominant overstory tree 
species present when a stand succeeds to a climax 
condition; a series includes all the different vegetation 
types that eventually succeed to this common climax 
condition. We used the guides to plant associations 
that cover the national forests in the study area 
(Johnson and Clausnitzer 1992, Simpson 2007). For 
each forest series, we list the major seral and climax 
canopy tree species, ranked by our overall climate 
change vulnerability scores (tables A5-15 and A5-16). 

The lower-elevation, drier climax forest series of 
central Oregon (e.g., the western juniper, ponderosa 
pine, and Douglas-fir series) contain smaller numbers 
of canopy tree species and high-vulnerability tree 
species (with the exception of Douglas-fir) than the 
higher-elevation forest series (e.g., the subalpine fir, 
mountain hemlock, and Pacific silver fir series) (tables 
A5-15 and A5-16). The lower-elevation forest series 
also contain the two species with the lowest 

vulnerability scores: western juniper and ponderosa 
pine. Given the low number of tree species and the low 
vulnerability of species in these low-elevation forests, 
our results support the idea these forest series are less 
likely to change in composition than those on higher-
elevation sites.  

The climax forest series of the mid- to high-elevation 
forests contain tree species with a broad range of 
vulnerability scores. This reflects not only the number 
of tree species that may occur at a given location but 
also the diversity of plant associations within each 
forest series. Given this diversity, a detailed 
assessment of the potential influence of climate change 
would require analysis at finer level than at the forest 
series. But even at the relatively broad level of climax 
forest series, it is evident that series on the mid- to 
high-elevation sites contained more of the high-
vulnerability tree species than the forest series on 
lower-elevation, drier sites. 

The specific changes in forest canopy composition that 
could result from climate change are complex and 
beyond the scope of this analysis. In some cases, the 
proportion of the forest canopy occupied by a tree 
species with an existing vulnerability, such as a major 
insect threat, is likely to decline, allowing other tree 
species, or perhaps regeneration of the same species, 
to take its place. But in many forest types, it is not yet 
clear which climate-related impacts will have the 
greatest effects and at what point these impacts will 
affect each species. Furthermore, it is difficult to 
predict the dynamics of forest canopy change under a 
future climatic regime that is still uncertain. Owing to 
these multiple levels of uncertainty, management 
decisions made at this time should be designed to 
maintain forest resiliency and biodiversity under a 
wide range of future conditions. 

Conclusions of the Group 1 
Assessment 

The group 1 vulnerability assessment was designed to 
determine the relative climate change vulnerability of 
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major forest tree species. This information is important 
for prioritizing management activities and focusing 
limited resources on the most vulnerable species. 
However, the results should not be interpreted too 
narrowly. For example, a species with an overall 
vulnerability score of 52 may not, for practical 
purposes, be more vulnerable to climate change than a 
species with an overall score of 47; there is no 
statistical significance associated with these scores. 
Emphasis should instead be placed on general patterns 
in species rankings, large differences in scores, and 
most importantly, the underlying reasons for 
vulnerability (e.g., risks at higher elevations or 
exacerbated insect threats). In taking this broader 

view, the information that was compiled and organized 
to conduct the analysis (e.g., tables A5-7 through A5-
9, A5-11, and A5-12; appendices 7 and 8) may be as 
important as the scores themselves. Centralizing this 
information provided a framework for evaluating and 
comparing the importance of a wide variety of life 
history traits, threats, and other characteristics across 
many tree species. 

The relationship between species’ mean elevation and 
overall vulnerability was not as strong for central 
Oregon group 1 tree species as for the group 1 species 
of other subregions including western Washington 
(Aubry et al. 2011). The strongest indication of such a 
trend in central Oregon was the fact that the highest- 

Table A5-15. Major canopy tree species in each climax tree series described for the Oregon East Cascades 
(including the Deschutes and Fremont-Winema National Forests), ranked by climate change 
vulnerability score1 

Species 

Overall 
vulnerability 

score  

Climax tree series 

PIPO PSME PICO 
ABCO-
ABGR ABMAS TSHE ABAM TSME 

Whitebark pine 78   X     X 

Subalpine fir 69       X X 

Engelmann spruce 61       X  

Douglas-fir 60  X  X  X X X 

Pacific silver fir 59       X X 

Western hemlock 52      X X X 

Sugar pine 51     X X   

Noble fir - Shasta red 
fir 

48     X  X X 

Grand fir - white fir 47    X  X   

Western larch 43    X   X X 

Mountain hemlock 41        X 

Incense-cedar 38 X     X   

Sierra lodgepole pine 36 X  X X X  X X 

Western white pine 33    X X X X X 

Ponderosa pine 32 X X  X X    

Western juniper 27 X        
1 Climax tree series described by Simpson (2007). Higher vulnerability scores indicate greater vulnerability. 
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and lowest-elevation tree species (whitebark pine and 
western juniper, respectively) were associated with the 
highest and lowest overall vulnerability scores. This 
lack of a clear elevation-vulnerability relationship 
among the other 14 species does not indicate that the 
high-elevation species of the study area are not highly 
vulnerable, rather it indicates that there are also 
species of lower vulnerability co-occurring in the same 
high-elevation forests. The climax forest series in 
tables A5-15 and A5-16 show the large number of tree 
species/plant association groups that occupy the same 
forest series and therefore occur in similar habitats. A 
contributing factor to this pattern is the limited 
elevational range in which moisture is sufficient to 

support many of the tree species in this study area. The 
elevation-moisture relationship in this area is further 
complicated by the influence of varying depths of 
volcanic ash deposits on soil moisture availability and 
thus vegetation type (Simpson 2007). 

In the central Oregon study area, all of the forest series 
other than ponderosa pine and western juniper 
contained tree species exhibiting a wide range in 
vulnerability scores. This indicates that potential 
effects of climate change on management activities 
should be considered at a scale finer than that of forest 
series. It is beyond the scope of this analysis to 
determine whether co-occurring species of lower 
vulnerability will eventually replace those of higher 

Table A5-16. Major canopy tree species in each climax tree series described for the Blue and Ochoco 
Mountains (including the Ochoco National Forest), ranked by climate change vulnerability score1 

Species 

Overall 
vulnerability 

score  

Climax tree series 

JUOC PIPO PSME ABGR ABLA 
Whitebark pine 78     X 

Subalpine fir 69     X 

Engelmann spruce 61    X X 

Douglas-fir 60   X X X 

Pacific silver fir2 59      

Western hemlock2 52      

Sugar pine2 51      

Noble fir - Shasta red fir2 48      

Grand fir - white fir 47    X  

Western larch 43   X X X 

Mountain hemlock2 41      

Incense-cedar2 38      

Sierra lodgepole pine 36    X X 

Western white pine 33    X  

Ponderosa pine 32  X X X  

Western juniper 27 X X    

1 Climax tree series described by Johnson and Clausnitzer (1992). Higher vulnerability scores indicate greater vulnerability. 
2 Species does not occur, or occurs only as an accidental, on the Ochoco National Forest. 
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vulnerability. However, the information we present 
should be useful in identifying where specific 
vulnerabilities may lie, and actions to mitigate these 
potential effects of climate change must consider the 
multiple vulnerabilities of each tree species. Specific 
action items for the national forests of central Oregon 
are outlined in the Recommendations section of this 
report. 

Planting of high-elevation tree species may become 
increasingly important in the future. Models of future 
high-elevation forest types project significant shifts in 
suitable habitat during the 21st century (e.g., Coops 
and Waring 2011, Monserud et al. 2008). On the 
national forests of central Oregon, the species most 
often planted in recent years are those occurring 
primarily at mid-to-low elevations such as ponderosa 
pine, western larch, and Douglas-fir. If shifts in forest 
habitat at higher elevations result in widespread tree 
mortality, planting of additional high-elevation species 
may become a more important management option. 

Thinning of forest stands will likely continue to be an 
increasingly important management tool in preparing 
for the potential effects of climate change, specifically 
vulnerabilities to uncharacteristic wildfire and insect 
outbreaks. For example, thinning, either mechanically 
or through prescribed fire, was one of the primary 
tools identified by managers to promote forest stand 
vigor and resiliency to climate change in eastern 
Washington (Gaines et al. 2010). 

The potential impact of climate change presented here 
is just one of a number of considerations when 
planning the restoration and conservation of a 
particular tree species. For example, a look beyond the 
vulnerability rankings is necessary in the case of 
western white pine. Although the insects and disease 
risk factor score for this species was only 24, mortality 
has been very high due to the introduced pathogen 
Cronartium ribicola, which causes white pine blister 
rust (Kinloch 2003). The decreased vigor caused by 
this disease could also significantly increase this tree 
species’ overall susceptibility to other climate change 
effects. National forests continue to screen western 
white pine trees to find rust-resistant families and to 

develop and maintain orchards for the production of 
rust-resistant seed (Sniezko 2006). This work is 
critical for the restoration of western white pine across 
the landscape. Thus, a relatively low risk factor score 
for this tree species is not indicative of all present 
threats to the species—threats that would be 
significant even in the absence of climate change—or 
the degree to which conservation and restoration is 
needed. As another example showing that risk factor 
scores should not be interpreted too broadly, species 
such as western hemlock, subalpine fir, and Pacific 
silver fir received relatively high distribution factor 
scores, whereas immediately west of the study area 
(over the Cascade crest) these species are much more 
abundant owing to a far greater amount of suitable 
habitat. This is due to the fact that distribution risk 
factor scores were not intended to represent a species’ 
full distribution throughout the Pacific Northwest; 
rather, the scores represent the distribution within the 
central Oregon subregion. 

VULNERABILITY OF GROUP 2 
TREE SPECIES 
Group 2 includes nine tree species that are not 
significant components of the forest canopy, owing to 
small size or because they typically occur as scattered 
individuals or components of the mid-story rather than 
the forest overstory. Because many of the group 2 tree 
species have not been studied as thoroughly as the 
group 1 species, available information was often 
insufficient to perform a quantitative vulnerability 
assessment as we did with the group 1 species. Here, 
we review habitat and reproductive aspects of group 2 
tree species that may influence their vulnerability to 
changes in climate. 

Shade and Drought Tolerance 

The tree species of group 2 vary widely in habitat 
requirements and habitat specificity. In table A5-17, 
the group 2 species are organized according to drought 
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and shade tolerances. Among 
these tree species, the five 
species of low shade tolerance 
are most likely to establish as 
early successional species after 
disturbance (e.g., floods, fire, 
harvest) or on very wet or very 
dry sites where few other trees 
occur. Red alder and black 
cottonwood tolerate wet soils 
and periodic flooding, whereas 
golden chinquapin is capable of 
establishing on very dry sites. 
Scouler’s willow occurs on wet 
sites and drier upland sites. 

The three group 2 species of medium shade tolerance 
may occur in locations partially shaded by the forest 
canopy, although their growth and reproductive rates 
are generally better under full sunlight. These species 
may establish at forest edges, following disturbance, or 
in canopy gaps. 

Within the group 2 species, only Pacific yew is 
classified as shade-tolerant. Pacific yew occurs on a 
wide range of sites, in full sunlight or in the shade of a 
conifer overstory. The species is unique among 
conifers in the region, in that it is well-adapted to 
growing and reproducing under full shade. In northern 
California, Pacific yew was found to become 
increasingly common in older conifer stands, where 
stand-replacing fires were rare (Scher and Jimerson 
1989). 

Reproduction 

The group 2 species can be divided into four groups 
based on seed type and dispersal mechanism (table 
A5-18), although detailed information on attributes 
such as dispersal distance and level of seed production 
is unavailable for many of these species. Scouler’s 
willow and the two Populus species (trembling aspen 
and black cottonwood) produce substantial numbers of 
very small, light seeds bearing fine hairs; these seeds 
are capable of traveling long distances via wind or 

water. Red alder produces small, winged seeds that 
usually fall within several hundred yards of the parent 
tree. Douglas maple produces relatively large, winged 
seeds that are primarily dispersed by wind. Dispersal 
distance of these seeds is apparently limited unless 
they are carried by strong winds or transported by 
animals. The fourth species group is defined by the 
fact that seed of its species is dispersed primarily by 
animals. Seeds of these four species often are cached 
or dropped within several hundred yards of the parent 
tree, but there is potential for the seed to be transported 
great distances. Of the group 2 species, approximately 
half are insect-pollinated. 

All group 2 tree species are capable of reproducing 
both vegetatively and sexually. In many types of 
vegetative reproduction, a developed root system 
already exists, potentially facilitating rapid growth in 
the initial months and years following a disturbance. 
Forms of vegetative reproduction among various 
group 2 species include stump sprouts, root collar (i.e., 
the base of the stem) sprouts, root sprouts, and 
layering (i.e., sprouting of branches that have sagged 
and contacted the soil). However, vegetative 
reproduction originating from stump or root sprouts or 
layering does not provide the potential for propagule 
dispersal, as does sexual reproduction. This 
substantially limits colonization of new habitat created 
by stand-replacing disturbance. Additionally, 
vegetative reproduction is clonal and thus does not 
create the variety of genotypes that are produced by 

Table A5-17. Shade tolerance and drought tolerance of group 2 tree 
species 

Drought 
tolerance 

Shade tolerance 

Low Medium High 
Low Red alder 

Quaking aspen 

Black cottonwood 

  

Medium Scouler’s willow Cascara 

Douglas maple 

Bitter cherry 

Pacific yew 

 

High Golden chinquapin   
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sexual reproduction. For this reason, vegetative 
reproduction does not facilitate genetic adaptation to a 
changing environment. 

Implications for Climate Change 

Most of the group 2 tree species occur as understory 
components of multiple forest types or on sites with 
extreme moisture regimes (i.e., flooding or drought). 
Given conditions of increased summer moisture 
deficit, the drought-tolerant species, golden 
chinquapin, may become more competitive on some 
sites (assuming other conditions, such as sunlight 
availability, are also favorable); however, it is possible 
that golden chinquapin may also lose suitable habitat 
on sites that are already marginal owing to lack of 
moisture. The group 2 species that often colonize 
disturbed sites near streams and rivers (Scouler’s 
willow, red alder, black cottonwood) may have 
increased opportunities for establishment under 
projected climate scenarios in which seasonal 
snowmelt and precipitation patterns increase major 
flood events, which would potentially create habitat. 
However, more extreme precipitation patterns could 
also result in more severe drought, which could reduce 
habitat in other areas. 

Tree species dependent on animal interactions to 

facilitate reproduction (pollination or seed dispersal) 
are vulnerable to climate change because any change 
in the animal’s behavior or distribution could affect 
the tree species’ reproduction. The example of 
whitebark pine, and its dependence on a single bird 
species, Clark’s nutcracker, for primary seed dispersal, 
is noted in our discussion of group 1 tree species 
(Lorenz and Sullivan 2009). Although many group 2 
species are insect-pollinated or produce seed that is 
dispersed by animals, vulnerability to climate change 
is likely to differ among these tree species based on 
their number of animal associates and the specificity 
of the relationships. Most insect-pollinated plant 
species have multiple pollinator species, sometimes 30 
or more (Kearns et al. 1998, Waser et al. 1996). 
Similarly, most plants producing animal-dispersed 
seed have multiple species providing dispersal vectors 
(Herrera 1985). While it is likely that pollination- and 
seed dispersal-related vulnerabilities to climate change 
are lower for tree species associated with a large 
number of species of pollinators or seed dispersers, 
these associations are not well-documented for most of 
the group 2 tree species. Therefore, if reproductive 
limitations emerge for any group 2 species based on 
pollen or seed vectors, these changes should be 
investigated to determine causes and potential 
mitigation measures.  

Table A5-18. Reproductive characteristics of group 2 tree species  

Species Pollination vector Seed type and dispersal 
Primary seed dissemination 

vector 
Scouler’s willow Insect Abundant, very small seeds; may 

be dispersed miles  
Wind and water 

 

 
Black cottonwood Wind 

Quaking aspen Wind 

Red alder  Wind Small, winged seeds; typically 
dispersed several hundred yards 

Wind and water 

Douglas maple Insect, wind Large, heavy seeds; probably 
limited wind dispersal distance  

Wind; animal vectors of lesser 
importance 

Bitter cherry 

 

Insect Seed type varies; may 
occasionally be dispersed miles 
(km) depending on vector 

Birds and small mammals 

Cascara 

 

Insect  

Pacific yew 

 

Wind  

Golden chinquapin Wind, insect  
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GENE CONSERVATION 
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INTRODUCTION 
Genetic diversity within and among populations is 
important for a number of reasons, and its 
conservation has become a priority for many species. 
Genetic diversity provides the raw material for 
adapting to changing environments; therefore, 
conservation of genetic diversity protects a 
population’s evolutionary potential, which may be 
especially important under climate change or 
increasing pressures from insects and diseases. Gene 
conservation refers to the tools used to protect and 
maintain genetic diversity. Gene conservation can be 
ex situ, meaning that resources are maintained “off 
site” or outside of a species’ native range (e.g., seed 
banks, seed orchards, off-site plantings); or in situ, 
meaning that resources are maintained “on site” or 
within the native range or source of the population 
(e.g., parks, preserves, and unmanaged lands). 

EX SITU GENETIC RESOURCES 

Seed Orchards 

Tree seed orchards in central Oregon provide an 
excellent resource for ex situ gene conservation for a 
limited number of species. This resource is shown by 
orchard and species for the national forests in tables 
A5-19 and A5-20.  

Seed Storage 

Seed storage for the national forests in central Oregon 
is maintained at two facilities. Bulked reforestation 
seed lots, which include seed from multiple parent 
trees, are stored at the Bend Seed Extractory in Bend, 
Oregon. Of the Group 1 species (table A5-2), bulk 
seedlots are available for all species with the following 
exceptions: 

• The Deschutes and Ochoco National Forests 
lack mountain hemlock, subalpine fir, grand 

fir - white fir, noble fir, Pacific silver fir and 
western juniper; 

• The Fremont-Winema National Forest lacks 
subalpine fir, Pacific silver fir, grand fir, noble 
fir, western larch and western juniper. 

Across all species on all forests, more than 9,400 lbs 
(4,290 kg) of seed are currently in storage. However, 
much of this seed is more than 10 to 15 years of age 
and of questionable viability. The seed should be 
tested and unusable seed removed from the inventory. 

Select tree seedlots, which are seed from a single, 
source-identified tree usually with some desirable 
qualities, are maintained at the Dorena Genetic 
Resources Center in Cottage Grove, Oregon (table A5-
21). As with the bulk seedlots, many of these select 
tree seedlots are old, and viability testing is needed to 
assess their condition. 

IN SITU GENETIC RESOURCES 
There are extensive areas of protected habitat in 
central Oregon that serve as reserves of in situ genetic 
resources. On National Forest System lands of central 
Oregon, more than 800,000 acres (320,000 ha) are set 
aside in congressionally designated wilderness areas. 
Other protected areas include research natural areas 
and late successional reserves administered by the U.S. 
Forest Service.  
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Table A5-19. Ex situ genetic resources in seed orchards on the Deschutes and Ochoco 
National Forests 

Orchard name Species Breeding zone 
Orchard area 

(ac) 
Families in 

orchard (no.) 

Deer Run Ponderosa pine 01025 12 151 

  01025 12 168 

 Lodgepole pine 01025 4 35 

Kelsey Butte Ponderosa pine 01035 13 67 

  01036 9 65 

Three Sisters Ponderosa pine 01054 13 203 

  01055 7 96 

Blevins Ponderosa pine 01026 1 82 

Hazy Sugar pine 02176 5 25 

 Whitebark pine Cascades 2 40 

Blevins Ponderosa pine 07015 6 49 

  07016 2 25 

  07025 8 55 

  07026 9 47 

  07045 2 10 

  07046 2 64 

  07015 4 159 

 Western larch 07015 4 50 

Clarno Black cottonwood Ochoco 0.5 90 

  Deschutes 0.5 20 

  Umatilla 0.5 95 

  Malheur 0.5 221 

  Fremont 0.5 19 

  BLM/PV 0.5 134 

  BLM/Vale 0.5 14 

  BLM/Burns 0.5 31 

  Other/ZFS 0.5 62 

  Other/DFS 0.5 7 

  Other/SFS 0.5 65 

 Willow (Salix spp.) Ochoco 1 368 

  Deschutes 1 25 

  Malheur 1 183 

  Winema 1 104 

 Quaking aspen Deschutes 1 12 
TOTAL   125.5 2,841 
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Table A5-20. Ex situ genetic resources in seed orchards on the Fremont-Winema National 
Forest 

Orchard name Species Breeding zone 
Orchard area 

(ac) 
Families in 

orchard (no.) 

Crazy Creek Lodgepole pine 02031 11 165 

Psycho Lodgepole pine 02032 22 245 

Horseshoe Ponderosa pine 02021 16 131 

Michael B. Panelli Ponderosa pine 02050/51 20 97 

Cascade View Ponderosa pine 20061 10.5 140 

  20062 7.4 91 

Lost Creek Ponderosa pine 20031 8 136 

Sugar Pine Ponderosa pine 20011 7 66 

  20012 8 78 
TOTAL   109.9 1,149 

 

 

Table A5-21. Ex situ genetic resources in single-tree seedlots in 
storage at the Dorena Genetic Resources Center 

National forest Species Seed lots (no.) 
Deschutes and 

Ochoco 
White fir 3 

Western larch 209 

Whitebark pine 204 

 Lodgepole pine 996 

 Sugar pine 157 

 Western white pine 281 

 Ponderosa pine 6,177 

 Douglas-fir 432 

Fremont-Winema White fir 381 
 Shasta red fir 84 
 Incense-cedar 8 
 Whitebark pine 154 
 Lodgepole pine 2,109 
 Sugar pine 504 
 Western white pine 580 
 Ponderosa pine 4,266 
 Douglas-fir 443 
 Mountain hemlock 1 

TOTAL  16,989 
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RECOMMENDATIONS  
AND ACTION ITEMS 
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The recommendations and action items developed 
during the course of this project fall into three 
categories: 

1. Learn about and track changes in plant 
communities as the climate changes. Collect 
baseline data where needed. Monitor the 
impacts of a warming climate on the 
distribution and health of forest tree species. 
Look for triggers, such as an increase in the 
frequency of large-scale disturbance, that will 
indicate a need for a change in management 
approach. 

2. Maintain and increase biodiversity and 
increase resiliency. Focus on increasing stand 
diversity of native forest trees through 
thinning and planting. Increase disease 
resistance. Preserve genetic diversity, 
especially of isolated populations, and 

implement ex situ gene conservation where 
appropriate. 

3. Prepare for the future. Given uncertainty 
about how climate changes will unfold, a 
number of future scenarios are possible. Select 
activities that will work under a variety of 
scenarios including a potential increase in 
disturbances such as fires, wind storms, and 
floods, which could be followed by greater 
spread of invasive plant species. 

Based on the findings of our analysis, we created 
action items for the central Oregon national forests 
(table A5-22). Recommendations and action items are 
focused on present conditions with the assumption that 
existing policy and law will continue to guide land 
managers over the next few years. 

 
 
 
Table A5-22. Action items for the Deschutes and Ochoco and Fremont-Winema National Forests based on the 

results of a climate change vulnerability assessment1 

No. Action 

 1. Learn about and track changes in plant communities as the climate changes 

1A CONTINUE IMPLEMENTATION OF THE REGIONAL WHITEBARK PINE STRATEGY.  
• Continue and expand the survey and mapping program for whitebark pine, with participation by all land 

management agencies with whitebark pine habitat in Oregon. Cooperators include Crater Lake National 
Park, Confederated Tribes of Warm Springs, and adjacent national forests. This effort should include a 
refinement of the existing state-wide GIS layer of whitebark pine occurrences. Readily accessible data on 
whitebark pine’s present distribution are essential for monitoring and managing the species under climate 
change and pathogen threats. 

• Continue the monitoring of 75 permanent whitebark pine monitoring plots established on the Deschutes 
and Fremont-Winema National Forests to track pathogen increases, tree mortality, regeneration, and 
other trends associated with climatic change. Establish monitoring plots in under-represented populations 
and in areas not yet sampled. 

(This item pertains only to the Deschutes and Fremont-Winema National Forests.) 

1B MONITOR VEGETATIVE AND REPRODUCTIVE PHENOLOGY IN SEED ORCHARDS, PARTICULARLY THAT OF PONDEROSA AND 

LODGEPOLE PINE AT THE KELSEY BUTTE SEED ORCHARD ON THE DESCHUTES NATIONAL FOREST. Timing of phenology is 
closely linked to climate, and collecting data on annual phenology and microclimate will allow us to determine how 
trees are responding to annual climate variation. A pilot program was established in 2011 in the Dennie Ahl Seed 
Orchard (Olympic National Forest) to develop protocols to monitor phenology of conifers in seed orchards in the 
Pacific Northwest in partnership with Dr. Constance Harrington of Pacific Northwest Research Station and the 
Washington State Department of Natural Resources.  

 



Appendix 5: Climate Change and Forest Trees in Central Oregon  A5-63 
 

 

Table A5-22, continued 

No. Action 

2. Maintain and enhance biodiversity and increase resiliency 

2A CONTINUE THE NATIONAL FORESTS’ THINNING PROGRAMS. These programs achieve: (1) promotion of greater 
biodiversity by increasing the proportion of less abundant conifer and hardwood tree species, (2) the development 
of understory vegetation, (3) enhancement of the habitat value provided by forest stands, and (4) increased stand 
resistance and resiliency to disturbance and environmental stressors. 

2B CONTINUE TO INCLUDE A VARIETY OF TREE SPECIES IN PLANTING PRESCRIPTIONS, WITH AN EMPHASIS ON UNDER-
REPRESENTED TREE SPECIES. 

2C CONTINUE TO MONITOR AND TREAT WHERE POSSIBLE THE INSECTS AND DISEASES THAT POSE THE GREATEST THREATS TO 

GROUP 1 SPECIES: DOUGLAS-FIR BEETLE, MOUNTAIN PINE BEETLE, FIR ENGRAVER, BALSAM WOOLLY ADELGID, AND DWARF 

MISTLETOE. These are causing moderate to significant mortality in mature trees; impacts of a number of these 
threats appear to be increasing owing to climate change (table A5-12).  

3. Prepare for the future 

3A FORM PARTNERSHIPS WITH OTHER LAND MANAGERS IN CENTRAL OREGON TO CREATE A VIRTUAL COOPERATIVE TREE SEED 

BANK. This would increase the likelihood that appropriate seed will be available for reforestation after large-scale 
disturbances such as fire or insect outbreaks. Landowners can maintain their own seed inventories, but enter in 
cooperative agreements to share seed in the event of a major disturbance. As a first step, Forest Service 
personnel should form a partnership with silviculturists, geneticists, and seed managers from Oregon Department 
of Forestry, Bureau of Land Management, and others to develop an approach for sharing information and seed. 

3B MAINTAIN AN INVENTORY OF HIGH-QUALITY SEED FOR TREE SPECIES THAT ARE LIKELY TO BE NEEDED OVER THE NEXT 20 

YEARS. Place a priority on species that can be planted after disturbance. Accomplish this through the following 
steps: 
• Assess the viability of seed stored at the Forest Service storage facility at JH Stone Nursery; 
• Retest viability as needed; 
• Discard non-viable seed; 
• Update Seed Procurement Plans to include new and replacement collections. 

3C MAINTAIN AND PROTECT CONIFER SEED ORCHARDS, WHICH SERVE AS GENE CONSERVATION AREAS AND ARE ESSENTIAL IN 

PROVIDING HIGH QUALITY AND GENETICALLY DIVERSE SEED. Seed orchards are the national forests’ most efficient 
source of high quality tree seed for national forest reforestation and restoration programs. 

MAINTAIN AND PROTECT THE VAST EX SITU COLLECTION OF EASTERN OREGON NATIVE COTTONWOOD AND WILLOW 

ACCESSIONS. 

CONTINUE TO PROVIDE A GENETICALLY DIVERSE SOURCE OF HARDWOOD CUTTINGS FROM THE CLARNO HARDWOOD 

PRODUCTION BEDS (OCHOCO AND DESCHUTES NATIONAL FOREST). Currently, this program provides material for many 
eastern Oregon public lands partners and promotes the restoration of many extirpated hardwood populations. 

3D ASSESS SEED VIABILITY OF INDIVIDUAL SELECTED TREE LOTS IN STORAGE. The national forests in central Oregon have at 
least 16,969 single tree seedlots from selected trees in storage at the Dorena Genetic Resources Center. Many of 
these seedlots have been in storage for one or more decades and their viability is unknown. Viability testing is 
expensive and time-consuming, so it is impractical to test every seed lot. Geneticists and silviculturists should 
jointly develop a prioritized list of seedlots for viability testing. Priority for testing should be based on several 
factors, including: (1) climate change vulnerability rank of the species, (2) initial (or subsequent) viability test 
results, (3) age of seed, and (4) amount of seed available. Top priority should be given to highly vulnerable 
species, seedlots with low initial viability, older seed, and lots with a large amount of seed available. 

1Unless noted otherwise, action items apply to all national forests. 
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SUPPLEMENT A5S1: 
NATIONAL FOREST MANAGEMENT AREAS 
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Table A5S1-1. Management areas on the Deschutes National Forest. Geospatial data for management 
areas are available from: http://www.fs.fed.us/r6/data-library/gis/deschutes/ 

Management Area Acres 
1. Special interest areas 16,900 

2. Research natural areas 5,700 

3. Bald eagle 19,100 

4. Spotted owl 12,000 

5. Osprey 8,100 

6. Wilderness 181,300 

7. Deer habitat 208,900 

8. General forest 626,300 

9. Scenic views 171,700 

10. Bend municipal watershed 3,700 

11. Intensive recreation 67,100 

12. Dispersed recreation 48,400 

13. Winter recreation 32,200 

14. Oregon Cascade recreation area 42,700 

15. Old growth allocated areas 32,800 

16. Experimental forest 9,000 

17. Wild and scenic rivers 19,800 

18. Front country 34,700 

19. Metolius heritage area 24,300 

20. Metolius wildlife – primitive 13,100 

21. Metolius Black Butte scenic 10,600 

22. Metolius special forest 18,400 

23. Metolius special Interest 1,700 

24. Metolius research natural areas 1,300 

25. Metolius spotted owl 5,400 

26. Metolius scenic views 4,800 

27. Metolius old growth 1,800 

28. Metolius wild and scenic rivers 4,600 

Private/other 247,300 

Table from: USDA Forest Service (2012a). 
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Table A5S1-2. Management areas on the Ochoco National Forest. Geospatial data for 
management areas are available from: http://www.fs.fed.us/r6/data-library/gis/ochoco/ 

Management Area Acres 
MA-F1 Black Canyon Wilderness 13,400 

MA-F2 Bridge Creek Wilderness 5,400 

MA-F3 Mill Creek Wilderness 17,400 

MA-F4 North Fork Crooked River Wilderness Study Area 1,125 

MA-F5 Research natural areas 4,400 

MA-F6 Old growth 19,250 

MA-F7 Summit National Historic Trail 9,560 

MA-F8 Rock Creek/Cottonwood Creek 11,820 

MA-F9 Rock Creek/Cottonwood Creek unroaded-helicopter 2,480 

MA-F10 Silver Creek area 3,110 

MA-F11 Lookout Mountain recreation 15,660 

MA-F12 Eagle roosting areas 570 

MA-F13 Developed recreation 1,810 

MA-F14 Dispersed recreation 1,970 

MA-F15 Riparian 18,130 

MA-F16 Bandit Springs recreation 15,800 

MA-F17 Stein’s Pillar recreation 1,070 

MA-F18 Hammer Creek wildlife/recreation 2,560 

MA-F19 Deep Creek recreation 770 

MA-F20 Winter range 64,130 

MA-F21 General forest winter range 107,360 

MA-F22 General forest 496,850 

MA-F23 North Fork Crooked River Recreation Corridor 1,830 

MA-F24 North Fork Crooked River Scenic Corridor 830 

MA-F25 Highway 26 visual corridor 6,850 

MA-F26 Visual management corridors 33,260 

MA-F27 Round Mountain National Recreation Trail 1,000 

MA-F28 Facilities 460 
Table based on data from: USDA Forest Service (2012a). 
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Table A5S1-3. Management areas on the Fremont National Forest, based on the 1989 forest plan. 
Geospatial data for management areas are available from: http://www.fs.fed.us/r6/data-
library/gis/frewin/index.shtml 

Management Area Emphasis Acres 
1 Mule deer forage and cover on winter range 129,525 

2 Endangered and threatened species 27,128 

3 Old-growth habitat for dependent species above 
the management requirement level 

7,020 

4 Mineral exploration development activities 508,132 

5 Timber and range production 618,568 

6 Scenic viewsheds 45,065 

7 Special management areas 6,670 

8 Research natural areas 3,021 

9 Semiprimitive recreation 58,126 

10 Wilderness 22,823 

11 Wild and scenic river 12,832 

12 Utility and transportation corridors and single 
use areas 

8,858 

13 Developed recreation 304 

14 Old-growth habitat to provide management 
requirements for dependent species 

44,040 

15 Fish and wildlife habitat and water quality 22,847 

16 Minimum management 59,277 

Table based on data from: USDA Forest Service (2012b). 
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Table A5S1-4. Management areas on the Winema National Forest, based on the 1990 forest plan. 
Geospatial data for management areas are available from: http://www.fs.fed.us/r6/data-
library/gis/frewin/index.shtml 

Management Area Emphasis Acres 
1 Semiprimitive recreation 22,590 

2 Developed recreation 4,990 

3 Scenic management 119,002 

4 Unique management areas 17,482 

5 Sycan National Wild and Scenic River 4,840 

6 Wilderness 182,770 

7 Old-growth ecosystems 59,140 

8 Riparian areas 57,937 

9 Bald eagle habitat 18,920 

10 Big game winter range 37,132 

12 Timber production 523,272 

13 Research natural areas 3,045 

14 Minimum management 43,573 

15 Upper Williamson 38,361 

Table based on data from: USDA Forest Service (2012b). 
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SUPPLEMENT A5S2:  
FIA PLOT OCCURRENCES USED IN 

VULNERABILITY ASSESSMENT 
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Table A5S2-1. List of maps showing distributions of FIA plots that were used in the vulnerability 
assessment of group 1 tree species.  

Scientific name Common name Symbol Page 
Abies amabilis Pacific silver fir ABAM A5-71 

Abies grandis - Abies concolor Grand fir-white fir ABGR-ABCO A5-71 

Abies lasiocarpa Subalpine fir ABLA A5-71 

Abies procera - A. x shastensis 
[magnifica x procera]  

Noble fir-Shasta red fir ABPR-ABSH A5-71 

Calocedrus decurrens Incense-cedar CADE27 A5-72 

Juniperus occidentalis Western juniper JUOC A5-74 

Larix occidentalis Western larch LAOC A5-74 

Picea engelmannii Engelmann spruce PIEN A5-72 

Pinus albicaulis Whitebark pine PIAL A5-73 

Pinus contorta var. murrayana Sierra lodgepole pine PICOM A5-73 

Pinus lambertiana Sugar pine PILA A5-73 

Pinus monticola Western white pine PIMO3 A5-73 

Pinus ponderosa Ponderosa pine PIPO A5-74 

Pseudotsuga menziesii Douglas-fir PSME A5-72 

Tsuga heterophylla Western hemlock TSHE 1 

Tsuga mertensiana Mountain hemlock TSME A5-72 

Note: additional information on species and nomenclature appears in table A5-2. 
1 Does not occur on any FIA plots; thus, map is not shown. 
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EXECUTIVE SUMMARY 
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INTRODUCTION 
Climate change projections for the Pacific Northwest 
include year-round warming and potentially increased 
winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009). The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). However, there is a 
limited amount of information on climatic tolerance 
for many tree species and even less information on 
what complex interactions could result from 
ecosystem-wide exposure to a changing environment. 

   

OUR GOAL 
The goals of this analysis are to conduct a climate 
change vulnerability assessment of forest tree species 
and propose practical management actions that will 
work under a variety of future climate scenarios and 
can be implemented by the national forests in 
southwestern Oregon in cooperation with other land 
managers. 

OBJECTIVES 
The specific objectives of this analysis are to: 

1. Assess the relative vulnerability of forest tree 
species to projected climate changes. 

2. Recommend actions that will improve 
understanding of changes taking place among tree 
species, maintain and increase biodiversity and 
increase resiliency, and prepare for an uncertain 
future. 

3. Collaborate in the implementation of these actions 
with other land managers in southwestern Oregon. 

 

FORESTS OF SOUTHWESTERN 
OREGON 
The study area is based on the national forests of 
southwestern Oregon: the Rogue River-Siskiyou and 
the Umpqua (see map at top of next page). The study 
area boundary follows the national forest boundaries 
within Oregon, and also includes a 3-mile-wide buffer, 
for a total of 3.9 million ac (1.6 million ha). The 
Rogue River-Siskiyou and the Umpqua National 
Forests contain 1.8 and 1.0 million ac (0.7 and 0.4 
million ha), respectively. Approximately 19 and 7 
percent, respectively, of these forests are designated 
wilderness areas. 

During 2008-2010, annual averages of approximately 
2,700 and 4,200 ac (1,100 and 1,700 ha) were thinned 
(commercially or precommercially) on the Rogue 
River-Siskiyou and Umpqua National Forests, 
respectively. On the Rogue River-Siskiyou and 
Umpqua National Forests, averages of 270 and 890 ac 
(110 and 360 ha) were planted annually during 2008-
2010. On the Rogue River-Siskiyou National Forest, 
sugar pine and Douglas-fir  were most often planted, 
with fewer acres of ponderosa pine and Port-Orford-
cedar. On the Umpqua National Forest, the most 
commonly planted species were Douglas-fir, 
ponderosa pine, sugar pine, incense-cedar, and western 
white pine, in descending order. Small amounts of 

How can the national forests in 
southwestern Oregon conserve 
biodiversity and increase 
resiliency given the predicted 
changes in temperature and 
precipitation? 
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Shasta red fir, Pacific madrone, western redcedar, 
incense-cedar, western hemlock, and white fir also 
were planted. 

FOREST TREE SPECIES 
We organized the tree species of southwestern Oregon 
into three groups (see box on next page). Group 1 
consists of 25 overstory tree species that are common 
in major portions of southwestern Oregon and are thus 
important components of the forest canopy and overall 
forest structure. These group 1 species are a major 
focus of this report because changes in their 
distribution or health could affect forest structure and 
habitat at a broad scale. Group 2 includes trees that are 
not significant components of the forest canopy owing 
to small size or to limited occurrence in southwestern 
Oregon; these species may occur infrequently across 
broad areas or may be common within a limited 

habitat. Group 3 consists of trees that are rare in 
southwestern Oregon or are represented by disjunct 
populations. 

We created distribution maps for all tree species of 
southwestern Oregon to show documented occurrences 
using the latest available data (appendix 7; example to 
left).  

Drawing on information from a variety of published 
sources, we compiled profiles of the southwestern 
Oregon tree species (appendix 8). These profiles 
emphasize biological and ecological characteristics 
that were deemed relevant to the trees’ potential 
adaptation to predicted changes in climate. 
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FOREST TREE VULNERABILITY 
ASSESSMENT 

Methods 

A vulnerability assessment is a systematic process of 
identifying and quantifying the areas of vulnerability 
within a system (Glick and Stein 2010), or in this case, 
forest tree species. Our objectives for vulnerability 
assessment were to: (1) select a method that is 
straightforward to apply, transparent, flexible, and 
provides for easy application of sensitivity analysis; 
and (2) rank the tree species of group 1 according to 
their vulnerability to climate change impacts.  

After testing several methods, we chose the Forest 
Tree Genetic Risk Assessment System, which rates 
each species according to intrinsic attributes and 
external threats that can influence the species’ 
vulnerability to climate change (Potter and Crane 
2010). We ranked tree species for a number of 
characteristics organized into five risk factors: 
distribution, reproductive capacity, habitat affinity, 
adaptive genetic variation, and threats from insects and 
disease. Each risk factor contained multiple variables 
quantifying each tree species’ vulnerability to climate 
change. 

We calculated an overall climate change vulnerability 
score (0 to 100) for each species by averaging the five 
risk factors, which were weighted equally. A higher 
score indicates higher climate change vulnerability as 
measured by these risk factors. 

NATIVE TREE SPECIES OF SOUTHWESTERN 
OREGON 

Group 1: Widespread forest canopy species 

Bigleaf maple 
California black oak 
Canyon live oak 
Douglas-fir 
Engelmann spruce 
Grand fir - white fir 
Incense-cedar 
Jeffrey pine 
Knobcone pine 
Lodgepole pine 
Mountain hemlock 
Noble fir - Shasta red fir 
Oregon white oak 
Pacific madrone 
Pacific silver fir 
Ponderosa pine 
Port-Orford-cedar 
Red alder 
Subalpine fir 
Sugar pine 
Tanoak 
Western hemlock 
Western redcedar 
Western white pine 
Whitebark pine 

Group 2: Less common or non-canopy species 

Bitter cherry 
Black cottonwood 
Cascara 
Douglas maple 
Golden chinquapin 
Oregon ash 
Oregon myrtle 
Pacific dogwood 
Pacific willow 
Pacific yew 
Quaking aspen 
Scouler’s willow 
White alder 

Group 3: Species rare in southwestern Oregon 

Alaska yellow-cedar 
Baker cypress 
Brewer spruce 
Coast redwood 
Sitka spruce 

 

 



Appendix 6: Climate Change and Forest Trees in Southwestern Oregon  A6-9 

Group 1 Tree Species 

Several trends were evident in the vulnerability scores: 

• Among the group 1 tree species, overall 
vulnerability scores ranged from 33 to 72 
(lowest and highest scores possible were 0 and 
100, respectively). 

• The three most vulnerable species were 
Engelmann spruce, subalpine fir, and 
whitebark pine. These three species generally 
had high vulnerability scores across all risk 
factors except for the insects and diseases risk 
factor.  

• There was a general positive trend between 
mean elevation (assessed using FIA plots) and 
overall vulnerability score. With the exception 
of Port-Orford-cedar, all of the species below 
approximately 3,500 ft elevation had 
vulnerability scores of 50 of lower. The three 
species with the highest vulnerability scores 
had mean elevations above 4,500 ft. 

• Among species present in lower elevation 
forests, those with the highest vulnerability 
scores were Port-Orford-cedar and the grand 
fir-white fir complex. 

• For most tree species, scores were quite 
variable across the five risk factors. Pacific 
madrone exhibited the greatest range, with 
factor scores ranging from 0 to 100.  

• The important commercial species varied 
widely in overall vulnerability score. 

Group 2 and Group 3 Tree Species 

Group 2 tree species were predominantly non-
commercial, and, relative to group 1 species, little 
biological information was available for many of 
them. Therefore, instead of a formal vulnerability 
assessment, we examined general habitat requirements 
and reproductive characteristics relevant to climate 
change vulnerability. Implications for these species 
under a changing climate include: 

• Most of the group 2 tree species occur on sites 
with extreme moisture regimes (i.e., flooding 
or drought) or as understory components of 
multiple forest types. 

• The group 2 species that often colonize 
disturbed sites near streams and rivers (e.g., 
willows, cottonwood, white alder) may have 
increased opportunities for establishment 
under projected climate scenarios in which 

Results: Group 1 species (widespread forest 
canopy trees) of southwestern Oregon, ranked by 
overall climate change vulnerability score; higher 
scores indicate greater vulnerability 

Tree species 
Overall vulnerability 

score 

Engelmann spruce 72 

Subalpine fir 69 

Whitebark pine 67 

Pacific silver fir 56 

Port-Orford-cedar 56 

Grand fir - white fir 55 

Mountain hemlock 49 

Noble fir - Shasta red fir  48 

Oregon white oak 48 

Ponderosa pine 46 

Pacific madrone 46 

Tanoak 46 

California black oak 45 

Western hemlock 42 

Lodgepole pine 42 

Canyon live oak 40 

Jeffrey pine 39 

Bigleaf maple 39 

Sugar pine 39 

Knobcone pine 38 

Western white pine 36 

Douglas-fir 36 

Western redcedar 35 

Incense-cedar 33 

Red alder 33 
 



A6-10    Appendix 6: Climate Change and Forest Trees in Southwestern Oregon 

seasonal snowmelt and precipitation patterns 
increase major flood events, which would 
potentially create habitat. 

• Many group 2 tree species are insect-
pollinated or produce seed that is dispersed by 
animals; thus, these species are vulnerable to 
changes in animal behavior associated with 
climate. However, vulnerability is likely to 
differ among these tree species based on 
number of animal associates and the 
specificity of the relationships. 

Group 3 tree species are known to be rare 
within southwestern Oregon, and, owing to 
their limited distributions, all of these species 
are already deemed vulnerable to the effects of 
climate change. The report includes specific 
recommendations for conserving and 
monitoring these species. 

 

 

RECOMMENDATIONS 
The recommendations developed during the course of this project fall into three categories: 

1. Learn about and track changes in plant communities as the climate changes. Collect 
baseline data where needed. Monitor the impacts of a warming climate on the distribution 
and health of forest tree species. Look for triggers, such as an increase in the frequency of 
large-scale disturbance, which will indicate a need to change our management approach. 

2. Maintain and increase biodiversity and increase resiliency. Focus on increasing stand 
diversity of native forest trees through thinning and planting. Increase disease resistance. 
Preserve genetic diversity, especially of isolated populations, and implement ex situ gene 
conservation where appropriate. 

3. Prepare for the future. Given uncertainty about how climate changes will unfold, a 
number of future scenarios are possible. Select activities that will work under a variety of 
scenarios including a potential increase in disturbances such as fires, wind storms, and 
floods, which could be followed by greater spread of invasive plant species. 

 

 

“The results of this vulnerability assessment suggest that 
high-elevation tree species are at risk under a changing 
climate and therefore should be a focus of conservation 
and monitoring.” 
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ACTION ITEMS BASED ON THE RESULTS OF THE     
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

SOUTHWESTERN OREGON 

1. Learn about and track changes in plant communities as the climate changes 

 Continue and expand the survey and mapping program for whitebark pine, with 
participation by all land management agencies with whitebark pine habitat in 
Oregon. 
Readily accessible data on whitebark pine’s present distribution are essential for 
monitoring and managing the species under climate change and pathogen threats.  

 Develop conservation and monitoring plans for Brewer spruce, Baker cypress, 
and Alaska yellow-cedar, which are limited to small or disjunct populations in 
southwestern Oregon. 

  Such information is important because disjunct populations may become refugia 
under predicted climate change scenarios or, conversely, might be more severely 
impacted because lack of gene flow would limit opportunities for immigration of more 
highly adapted genes from other populations. 

 Establish permanent plots at high elevations (5,000 to 7,000 ft) on the Diamond 
Lake Ranger District of the Umpqua National Forest north and northwest of 
Crater Lake National Park to monitor changes in tree growth, survival and 
distribution. 
Six of the eight tree species that we determined were most at risk under a changing 
climate are found in this area (Engelmann spruce, subalpine fir, whitebark pine, 
Pacific silver fir, mountain hemlock, and the noble fir - Shasta red fir complex).  

 
 Monitor vegetative and reproductive phenology in seed orchards. 

Timing of phenology is closely linked to climate, and collecting data on annual 
phenology and microclimate will allow us to determine how trees are responding to 
annual climate variation. 

 

 

 

Note: full details of each action item appear in table A6-22 of this appendix; unless noted 
otherwise, action items apply to both national forests. 
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ACTION ITEMS BASED ON THE RESULTS OF THE     
CLIMATE CHANGE VULNERABILITY ASSESSMENT 

SOUTHWESTERN OREGON 
 

2. Maintain and enhance biodiversity and increase resiliency 

 Continue the national forests’ thinning programs. 
  These programs achieve: (1) promotion of greater biodiversity by increasing the 

proportion of less abundant conifer and hardwood tree species, (2) the development 
of understory vegetation, (3) enhancement of the habitat value provided by forest 
stands, and (4) increased stand resistance and resiliency to disturbance and 
environmental stressors. 

 Continue to include a variety of tree species in planting prescriptions, with an 
emphasis on under-represented tree species. 

 Expand gene conservation collections. 
  Seed from rare species and disjunct populations should be collected for long-term ex 

situ gene conservation. These efforts are already underway for whitebark pine, but to 
date no collections have been made for other species. 

 

3. Prepare for the future 

 Partner with other land managers in southwestern Oregon to create a virtual 
cooperative tree seed bank. 
This would increase the likelihood that appropriate seed will be available for 
reforestation after large-scale disturbances such as fire or insect outbreaks.  

 Maintain an inventory of high-quality seed for tree species that are likely to be 
needed over the next 20 years.  
Place a priority on species that can be planted after disturbance.  

 Maintain forest tree seed orchards. 
  These serve as gene conservation areas and are the national forests’ most efficient 

source of high quality tree seed. 

 Assess seed viability of individual selected tree seed lots in storage. 
  The two national forests in southwestern Oregon have at least 15,241 single tree 

seedlots from selected trees in storage at the Dorena Genetic Resources Center. 
Many of these seedlots have been in storage for one or more decades and their 
viability is unknown. 
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ASSESSING CLIMATE CHANGE 
EFFECTS ON PACIFIC 
NORTHWEST VEGETATION 
Anthropogenic climate change is a great challenge to 
sustainable management of forests and grasslands 
because the rate of climatic change will likely exceed 
some species’ capability to adapt, which in turn will 
alter plant communities and ecosystems. Climate 
change projections for the Pacific Northwest show 
year-round warming, and some models indicate 
increased winter precipitation and decreased summer 
precipitation (Mote and Salathé 2009). The extent and 
duration of the regional snowpack is projected to 
decrease, particularly at lower elevations (Elsner et al. 
2010, Mote 2003). Seasonal stream flow patterns are 
likely to shift to earlier spring peak flows and lower 
summer flows, especially for snowmelt-dominated 
watersheds (Barnett et al. 2005). The effects of long-
term climate changes on the composition and structure 
of southwestern Oregon’s plant communities are 
difficult to predict. There is a limited amount of 
information on the climatic tolerances of many species 
and even less information on what complex 
interactions could result from ecosystem-wide 
exposure to a changing environment. 

In 2008, a study was initiated to determine how best to 
adapt federal land management on the Olympic 
Peninsula, Washington, to enhance the resiliency of 
federal lands to the effects of climate change 
(Halofsky et al. 2011). The Olympic Climate Change 
Case Study—a partnership of the U.S. Department of 
Agriculture (USDA), Forest 
Service, Pacific Northwest 
Research Station and Olympic 
National Forest, with the U.S. 
Department of Interior (USDI), 
National Park Service, Olympic 
National Park—examined 
hydrological processes and 
management of vegetation, fish 
and wildlife habitat, and roads to 
determine strategies and actions 

for adaptation to climate change. The adaptation 
strategies for managing vegetation under climate 
change included gene conservation, disease resistance, 
increasing biodiversity through planting and thinning, 
and increasing preparedness for large disturbances 
including potential increases in invasive species. 

Following the Olympic Climate Change Case Study, 
the present effort was launched to address the 
projected effects of climate change on vegetation, 
specifically forest trees and vulnerable non-forested 
habitats. In the first phase of this project, the area of 
analysis was western Washington state, with an 
emphasis on the Olympic, Mt. Baker-Snoqualmie, and 
Gifford-Pinchot National Forests (Aubry et al. 2011). 
Subsequent phases of the project include all forested 
areas of Washington and Oregon (Forest Service 
Pacific Northwest Region), which we divided into six 
subregional study areas (table A6-1; fig. A6-1). These 
six study areas were delineated so that each phase of 
the analysis could focus on the species and 
management issues unique to each area. The 
southwestern Oregon study area includes the Rogue 
River-Siskiyou and Umpqua National Forests (fig. A6-
2). In this report, we assess the vulnerabilities of the 
forest trees within the study area; vulnerabilities of 
non-forested habitats will be addressed separately in a 
subsequent report. 

This work focuses on two central questions: (1) how 
may climate change affect forest tree species? and (2) 
what are the management implications of these 
potential impacts? Biodiversity is often viewed from a 
global perspective (Wilson 1988), but in this analysis 

Table A6-1. Phases of the Climate Change and Forest Trees project 

Phase National forests 
Western Washington Gifford Pinchot, Mt. Baker-Snoqualmie, Olympic 

Northwestern Oregon Mt. Hood, Siuslaw, Willamette 

Eastern Washington Colville, Okanogan-Wenatchee 

Eastern Oregon Malheur, Umatilla, Wallowa-Whitman 

Central Oregon Deschutes and Ochoco, Fremont-Winema 

Southwestern Oregon Rogue River-Siskiyou, Umpqua 
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biodiversity is defined as the “genetic variation within 
species, the variety of species in an area, and the 
variety of habitat types within a landscape” (Duffy and 
Lloyd 2010). As components of biodiversity, 
individual species, habitats, and ecosystems can be 
conservation targets for vulnerability assessments 
(Glick and Stein 2010). It is critical to address the 
effects of a changing climate at the level of individual 
plant species because species respond differently to 

climate, with potential shifts 
in distribution resulting in 
novel species associations 
(Lovejoy and Hannah 2005, 
Williams et al. 2007). This 
analysis includes a 
vulnerability assessment 
conducted at the level of 
individual tree species. The 
purpose of the vulnerability 
assessment was to identify 
tree species that are most 
vulnerable to the projected 
changes in climate and thus 
assist managers in more 
efficiently allocating limited 
resources. 

The target audience for this 
report is vegetation managers 
on southwestern Oregon’s 
national forests; the 
management options 
presented are based on the 
tools available to managers 
of National Forest System 
lands. However, this report 
also will provide useful 
information for other land 
managers in the Pacific 
Northwest who manage, 
restore, and conserve forests 
and woodlands under a 
changing climate. Land 
managers in other parts of 
the country will find that the 

methods used here can be applied to their plant 
communities using local information. Researchers will 
find signposts to the many questions yet to be 
answered concerning the impacts of climate change on 
forests and terrestrial habitats. 

 

Figure A6-1. Boundaries of the six study areas 
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Figure A6-2. Major land ownerships of southwestern Oregon 
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THE STUDY AREA: 
SOUTHWESTERN OREGON 
The study area is based on the national forests in 
southwestern Oregon: the Rogue River-Siskiyou and 
the Umpqua (fig. A6-2). The study area boundary 
follows the national forest boundaries within Oregon, 
and also includes a 3-mi-wide (5-km) buffer. We used 
this buffer so that the study area would include the 
forested land immediately outside of the national 
forest boundaries. Examination of tree distribution 
data showed that, without a buffer, we would exclude 
portions of some species’ populations that are relevant 
to our analysis. The portion of the Rogue River-
Siskiyou National Forest in California was not 
included in our species distribution analysis for the 
vulnerability assessment. 

The southwestern Oregon study area includes a total of 
3.9 million ac (1.6 million ha), encompassing the 
national forests and the associated buffer areas. The 
Rogue River-Siskiyou and the Umpqua National 
Forests contain 1.8 and 1.0 million ac (0.7 and 0.4 
million ha), respectively. Approximately 19 and 7 
percent, respectively, of the Rogue River-Siskiyou and 
the Umpqua National Forests are designated 
wilderness. 

MANAGEMENT OF THE 
NATIONAL FORESTS 
The management of resources within each national 
forest is guided by a comprehensive management plan. 
These plans include goals, which describe desired 
future conditions, as well as specific objectives that 
address a wide variety of activities and resources 
including recreation, wildlife, wilderness, scenery, 
timber, water, and cultural resources. Forest plans are 
revised on an approximate 15-year interval. Existing 
forest plans for the national forests in the study area 
were completed from 1989 to 1990. The forest plans 
allocate the National Forest System lands into a 
variety of management areas such as Developed 
Recreation, Wilderness, Timber Production, and 

Designated Wildlife Habitat; these management areas 
differ by forest (supplement A6S1). Each management 
area is managed under a specific prescription or set of 
prescriptions which contain standards and guidelines 
for the forest. 

Management of the National Forest System lands in 
much of the coastal Pacific Northwest, including the 
Cascade Range, has been guided by the Northwest 
Forest Plan (NWFP) since its adoption in 1994 (Moeur 
et al. 2005). The record of decision amends the 
planning documents of lands administered by the 
USDA Forest Service and the U.S. Department of the 
Interior (USDI) Bureau of Land Management (BLM) 
within the range of the northern spotted owl (Strix 
occidentalis caurina). The NWFP established a system 
of standards and guidelines to provide habitat 
management direction for these agencies. The NWFP 
land use allocations for the Rogue River-Siskiyou and 
Umpqua National Forests are shown in figure A6-3. 
Management actions will be influenced by the NWFP 
land use allocations. 

Vegetation Management 

Vegetation management on southwestern Oregon’s 
national forests is conducted to meet a wide variety of 
objectives designed to diversify and improve forest 
structure. Commercial and precommercial thinning 
may be applied to improve forest health where insect 
and disease threats are present, to manage fuels in 
areas prone to wildfire, to improve wildlife habitat, 
and to increase stand productivity. During 2008-2010, 
annual averages of approximately 2,550 and 2,450 ac 
(1,030 and 990 ha) were commercially thinned on the 
Rogue River-Siskiyou and Umpqua National Forests, 
respectively. On these two forests, precommercial 
thinning averaged 170 and 1,740 ac (70 and 705 ha) 
annually during this period.  

On the Rogue River-Siskiyou and Umpqua National 
Forests, averages of 270 and 890 ac (110 and 360 ha) 
were planted annually during 2008-2010. On the 
Rogue River-Siskiyou National Forest, sugar pine (60 
percent) and Douglas-fir (22 percent) were most often  
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Figure A6-3. Northwest Forest Plan land 
allocations for the Rogue River-Siskiyou 
and Umpqua National Forests 
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planted, with small amounts of ponderosa pine and 
Port-Orford-cedar planted as well. On the Umpqua 
National Forest, the most commonly planted species 
included Douglas-fir (50 percent), ponderosa pine (13 
percent), sugar pine (12 percent), incense-cedar (11 
percent), and western white pine (7 percent). Small 
amounts of Shasta red fir, Pacific madrone, western 
redcedar, incense-cedar, western hemlock, and white 
fir were also planted. 

FORESTS OF SOUTHWESTERN 
OREGON 
Southwestern Oregon is characterized by diversity in 
climate, topography, soils, history of disturbance, and 
vegetation. As a result of interactions among these 
factors, vegetation zones are not as closely linked to 
elevation as they are in other parts of the Pacific 
Northwest (Franklin and Dyrness 1973). Modeled 
potential natural vegetation (PNV) zones (i.e., the 
climax tree species that would dominate in the absence 
of disturbance) for the study area are shown in figure 
A6-4. 

The region’s vegetation can also be described briefly 
using six somewhat broader vegetation zones 
identified by Franklin and Dyrness (1973). The 
Interior Valley zone is the hottest and driest zone in 
Southwestern Oregon; forested areas contain a variety 
of relatively drought-tolerant trees including oaks 
(Quercus spp.), pines (Pinus spp.), incense-cedar, and 
Douglas-fir (Franklin and Dyrness 1973). The mixed-
conifer zone occurs on the western Cascade Range and 
the eastern Siskiyou Mountains; it contains a mixture 
of species characterized by the presence of Douglas-
fir, sugar pine, ponderosa pine, incense-cedar, and 
white fir (Franklin and Dyrness 1973). The mixed-
evergreen zone occurs in the eastern Siskiyou 
Mountains and is represented by Douglas-fir and 
tanoak; other species present include Pacific madrone, 
golden chinquapin, Canyon live oak, sugar pine, 
ponderosa pine, incense-cedar, and knobcone pine. 
The white fir zone is a narrow zone which occurs 
above the mixed-conifer zone and below the Shasta 

red fir zone; it is characterized by the dominance of 
white fir. The Shasta red fir zone is found in the 
Siskiyou Mountains and the Cascade Range; Shasta 
red fir is the major species, although white fir, western 
white pine, lodgepole pine, and mountain hemlock are 
also common (Franklin and Dyrness 1973). The 
mountain hemlock zone encompasses the highest 
forested sites in the Southern Cascades and also is 
found occasionally at high elevations in the Siskiyous; 
mountain hemlock, lodgepole pine, and Shasta red fir 
are major species. A factor substantially altering 
vegetative composition in some parts of southwestern 
Oregon is the presence of ultramafic soils, which are 
low in calcium and high in nickel, chromium, and 
magnesium. Where these occur, Jeffrey pine is 
common on drier sites, whereas on moister sites, 
Douglas-fir, incense-cedar, western white pine, sugar 
pine, Port-Orford-cedar, and knobcone pine are also 
present. 

GOALS, ASSESSMENT 
TARGETS, AND OBJECTIVES 
The goal of this analysis is to conduct an assessment 
of the vulnerability of individual forest tree species to 
climate change. An understanding of which tree 
species are most vulnerable will assist managers in 
efficiently allocating limited resources to the 
management of these species. Forest trees are the first 
priority for analysis of climate change impacts on 
individual plant species because trees provide stand 
structure and dictate the composition of plant 
communities in the forests of the Pacific Northwest. 
Many tree species also have high economic or cultural 
value. Because trees are long-lived and have long 
generational intervals, tree species may be slower to 
adapt and migrate and thus may be more at risk to 
changes in climate than forb or grass species. Grasses, 
forbs, and shrubs that are at risk because of habitat loss 
or other factors (though not specifically because of 
projected climate change) are protected, monitored, 
and often restored under the Endangered Species Act 
and the Interagency Special Status/Sensitive Species 
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Figure A6-4. Potential natural vegetation (PNV) zones of the Rogue 
River-Siskiyou and Umpqua National Forests, southwestern Oregon 
(Henderson 2009) 
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Program (ISSSSP) (USDA/USDI 2011). Two tree 
species listed as special status species occur in 
southwestern Oregon: Baker cypress (Cupressus 
bakeri; sensitive), and whitebark pine (Pinus 
albicaulis; sensitive) (USDA/USDI 2011). 

Whitebark pine is the only tree species in southwestern 
Oregon that has been considered for federal protection. 
In July 2011, the USDI Fish and Wildlife Service 
announced a 12-month finding on the petition to list 
whitebark pine as threatened or endangered (USDI 
FWS 2011). The Fish and Wildlife Service found that 
listing whitebark pine as threatened or endangered was 
warranted but that listing as such was “precluded by 
higher priority actions to amend the Lists of 
Endangered and Threatened Wildlife and Plants” 
(USDI FWS 2011). Therefore, the species was added 
to the candidate list, and the Fish and Wildlife Service 
is developing a proposed rule to list whitebark pine 
when “priorities and funding will allow” (USDI FWS 
2011). The proposed listing rule will include any 
determination on critical habitat. 

Objectives 

The specific objectives of this project are to: 

• Assess the relative vulnerability of forest tree 
species to projected climate changes. 

• Recommend actions that will: 
o improve understanding of changes 

taking place among tree species,  
o maintain and increase forest 

biodiversity and increase resiliency, 
and 

o prepare for an uncertain future. 

• Collaborate in the implementation of these 
actions with the Bureau of Land Management 
and other land management agencies of 
southwestern Oregon. 
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THE TREE SPECIES OF                   
SOUTHWESTERN OREGON 
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INTRODUCTION 
This report focuses on the tree species that are native 
to southwestern Oregon. Here, we define trees as 
woody perennials capable of producing a single stem 
with apical dominance and reaching at least 20 ft (6 m) 
in height. Of the 43 native tree species occurring in 
southwestern Oregon (table A6-2), 24 are coniferous 
and 19 are broadleaf species. The Pinus (pine) genus 
contains the greatest number of species (7). All 
southwestern Oregon conifers are evergreen. Fourteen 
of the broadleaf species are deciduous, whereas five 
species, Pacific madrone, tanoak, canyon live oak, 
golden chinquapin, and Oregon myrtle, are evergreen.  

GROUPING OF SPECIES 
To facilitate our vulnerability assessment, we divided 
the tree species of southwestern Oregon into three 
groups (table A6-2). Group 1 consists of 25 overstory 
tree species that are significant components of forest 
or woodland canopies in southwestern Oregon. The 
group 1 species are a major focus of this report 
because changes in their distribution or health could 
have a major effect on forest structure and habitat. 
This group includes species that are widespread across 
the study area (e.g., Douglas-fir, sugar pine) and 
species that are common within more limited zones 
(e.g., mountain hemlock, California black oak). 

Group 2 includes 13 tree species that are not 
significant components of the forest canopy, owing to 
small size (e.g., cascara, Douglas maple) or because 
they typically occur as scattered individuals or 
components of the mid-story rather than the forest 
canopy. Group 3 includes 5 species with distributions 
that are very limited in southwestern Oregon; therefore 
these species may have an elevated vulnerability to 
climate change. 

We subjected the species groups to different types of 
climate change vulnerability assessments. For all of 
the group 1 species, sufficient biological information 
was available to perform a detailed vulnerability 
assessment based on numerous quantifiable 

characteristics (e.g., drought tolerance, distance of 
seed dispersal, and adaptive genetic variation). In 
contrast, many of the group 2 species are not 
commercially important and have not been well-
studied (although there are some exceptions). As a 
result, insufficient data were available to conduct the 
type of vulnerability assessment that was performed on 
the group 1 species. Instead, we summarized and 
discussed the characteristics of group 2 tree species 
that we deemed likely to influence climate change 
vulnerability. The group 3 species were not subjected 
to the assessment and ranking like the group 1 species 
because these species are already known to warrant a 
high level of attention in terms of monitoring and/or 
management owing to their limited distributions. 
Instead, we looked for specific, potential climate 
change vulnerabilities for each of the group 3 species. 

There are at least three tree species that are known to 
occur in southwestern Oregon that are not covered by 
this report because they do not occur, or occur only as 
“accidentals”, within our study area (i.e., National 
Forest System lands). Gray pine (Pinus sabiniana) is 
known to occur as individual trees in at least two 
locations in the Rogue River National Forest (Callahan 
2009). California buckeye (Aesculus californica) 
occurs near Gold Hill (Callahan 2005), and Hinds 
walnut (Juglans hindsii) occurs near Ashland and 
Medford (Callahan 2008). Neither of these two 
broadleaf tree species occurs on National Forest 
System lands. 

TREE SPECIES DISTRIBUTIONS 
To assess the climate change vulnerability of regional 
tree species, we needed detailed information on the 
distribution of each species. Previously published 
range maps are available for most tree species in the 
region (e.g., Little 1971, 1976). However, these maps 
are primarily useful for evaluating species 
distributions at a broad scale, whereas we desired a 
greater degree of precision because our assessment is 
focused on smaller areas. A variety of computer 
models have been used to predict tree species 
distributions, both at present and under future climate  
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Table A6-2. Native tree species of southwestern Oregon (continues)1 

Scientific name Common name Symbol Group2 Division Type 
Abies amabilis Pacific silver fir ABAM 1 Conifer Evergreen 

Abies grandis - A. concolor3 Grand fir-white fir ABGR-
ABCO 

1 Conifer Evergreen 

Abies lasiocarpa Subalpine fir ABLA 1 Conifer Evergreen 
Abies procera - A. x 

shastensis [magnifica x 
procera] 4 

Noble fir-Shasta red fir ABPR-ABSH 1 Conifer Evergreen 

Acer macrophyllum Bigleaf maple ACMA3 1 Broadleaf Deciduous 
Alnus rubra Red alder ALRU2 1 Broadleaf Deciduous 
Arbutus menziesii Pacific madrone ARME 1 Broadleaf Evergreen 
Calocedrus decurrens Incense-cedar CADE27 1 Conifer Evergreen 
Chamaecyparis lawsoniana Port-Orford-cedar CHLA 1 Conifer Evergreen 
Notholithocarpus 

densiflorus 
 

Tanoak 
 

LIDE3 
 

1 Broadleaf Evergreen 

Picea engelmannii Engelmann spruce PIEN 1 Conifer Evergreen 
Pinus albicaulis Whitebark pine PIAL 1 Conifer Evergreen 
Pinus attenuata 
 

Knobcone pine 
 

PIAT 1 Conifer Evergreen 
Pinus contorta5 Lodgepole pine PICO 1 Conifer Evergreen 
Pinus jeffreyi 
 

Jeffrey pine 
 

PIJE 1 Conifer Evergreen 
Pinus lambertiana Sugar pine PILA 1 Conifer Evergreen 
Pinus monticola Western white pine PIMO3 1 Conifer Evergreen 
Pinus ponderosa Ponderosa pine PIPO 1 Conifer Evergreen 
Pseudotsuga menziesii Douglas-fir PSME 1 Conifer Evergreen 
Quercus chrysolepis Canyon live oak QUCH2 1 Broadleaf Evergreen 
Quercus garryana Oregon white oak QUGA4 1 Broadleaf Deciduous 
Quercus kelloggii California black oak QUKE 1 Broadleaf Deciduous 
Thuja plicata Western redcedar THPL 1 Conifer Evergreen 
Tsuga heterophylla Western hemlock TSHE 1 Conifer Evergreen 
Tsuga mertensiana Mountain hemlock TSME 1 Conifer Evergreen 
Acer glabrum var. douglasii Douglas maple ACGLD4 2 Broadleaf Deciduous 
Alnus rhombifolia White alder ALRH2 2 Broadleaf Deciduous 
Chrysolepis chrysophylla Golden chinquapin CHCH7 2 Broadleaf Evergreen 
Cornus nuttallii Pacific dogwood CONU4 2 Broadleaf Deciduous 
Frangula purshiana  Cascara FRPU7 2 Broadleaf Deciduous 
Fraxinus latifolia Oregon ash FRLA 2 Broadleaf Deciduous 
Populus balsamifera ssp. 

trichocarpa 
Black cottonwood POBAT 2 Broadleaf Deciduous 

Populus tremuloides Quaking aspen POTR5 2 Broadleaf Deciduous 
Prunus emarginata Bitter cherry PREM 2 Broadleaf Deciduous 
Salix lucida var. lasiandra Pacific willow SALUL 2 Broadleaf Deciduous 
Salix scouleriana Scouler’s willow SASC 2 Broadleaf Deciduous 
Taxus brevifolia Pacific yew TABR2 2 Conifer Evergreen 
Umbellularia californica Oregon myrtle UMCA 2 Broadleaf Evergreen 
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scenarios (e.g., Crookston 2010, Hargrove and 
Hoffman 2005). However, these models did not fit our 
objectives for mapping because they predict species 
distributions based on projections of suitable habitat 
rather than on the present occurrences of the species. 
Therefore, we created distribution maps for the tree 
species of southwestern Oregon by using documented 
occurrences of each tree species (appendix 7). 

Species occurrence data were acquired from a variety 
of sources (table A6-3). Three of these sources were 
from the U.S. Forest Service: the Forest Inventory and 
Analysis (FIA) Program (USDA Forest Service 
2010b), the Current Vegetation Survey (CVS) (USDA 
Forest Service 2008), and the Forest Service Region 6 
Ecology Program Core Dataset (USDA Forest Service 
2010a). Additional data were acquired from the 
Oregon Flora Project and the University of 
Washington Burke Museum herbarium (Oregon Flora 
Project 2011, University of Washington 2011), which 
document the geographic locations where herbarium 
specimens were collected or where species were 
observed. Maps of all plot locations represented in the 
three Forest Service data sources are shown in 
appendix 7, as is a map of all Oregon Flora Project and 
University of Washington sample locations for the 
species in this project. Because data collection 
protocols differed among these five primary data 
sources, data were not available from all sources for 

every tree species. As a result of the different 
protocols, several factors must be considered when 
interpreting the maps: 

• Plot density—Plot density varied by 
inventory; therefore, the density of points on a 
map does not necessarily correspond to the 
density at which a tree species occurs. For 
example, if the range of a species 
encompasses a national forest and adjacent 
privately owned land, the density of mapped 
points may be much higher on the national 
forest because the forest includes CVS and 
Ecology Program plots, which do not occur on 
private land. Thus, the higher density of 
mapped occurrences on the national forest 
results from the additional sampling locations 
and does not represent a true difference in the 
frequency of the species’ occurrence. 

• Plot size—For data sources that are based on 
inventory plots, density of mapped species 
occurrences is affected by plot size, which 
varies among inventories. An inventory that 
uses larger plots is likely to sample a given 
species more frequently on its plots compared 
to an inventory that uses smaller plots. 

• Inventory design—The density of mapped 
species occurrences is influenced by inventory 
design. An inventory of regularly spaced plots 

Table A6-2, continued      
Cupressus bakeri Baker cypress CUBA 3 Conifer Evergreen 
Cupressus nootkatensis Alaska yellow-cedar CUNO 3 Conifer Evergreen 
Picea breweriana Brewer spruce PIBR 3 Conifer Evergreen 
Picea sitchensis Sitka spruce PISI 3 Conifer Evergreen 
Sequoia sempervirens Coast redwood SESE3 3 Conifer Evergreen 
1 Nomenclature follows the U.S. Department of Agriculture Plants Database (USDA NRCS 2010); in cases where multiple common 
names exist, regionally favored names are used here. 
2 Group 1 = overstory trees with widespread distribution in the study area; group 2 = trees that are not major overstory components 
owing to limited frequency or small size; group 3 = trees that are rare within the study area. 
3 Grand fir and white fir co-occur and hybridize in the study area. The map data sources do not differentiate these species and their 
hybrid consistently; thus, we combined the species for the purpose of this analysis. 
4 Noble fir and Shasta red fir co-occur and hybridize in the study area. The map data sources do not differentiate these species and 
their hybrid consistently; thus, we combine the species for the purpose of this analysis. 
5 Because it is beyond the scope of this project to determine whether each of the populations in the western Siskiyou Mountains are 
var. contorta or var. murrayana, we combined these varieties for the purpose of this analysis. 
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on a grid (e.g., FIA) is much less likely to 
sample a rare species than an inventory with 
an objective of locating and sampling that 
species (e.g., Oregon Flora Project). 

Owing to influences of these factors, mapped species 
occurrences should be interpreted as representing the 
extent of a species’ distribution, rather than 
representing its density within that distribution. 

TREE SPECIES PROFILES 
Drawing on information from a variety of published 
sources, we compiled profiles of all southwestern 
Oregon tree species (appendix 8). These profiles 
emphasize characteristics that we deemed relevant to 
the trees’ potential adaptation to climate change. The 
profiles focus on ecological and reproductive 
characteristics, genetic aspects, and threats and 
management considerations relevant to each tree 
species. The ecological description contains 
information on distribution, habitat, and ecological 
amplitude; this information may assist in projecting a 

species’ potential response to climate-induced changes 
in its habitat. Reproductive characteristics such as seed 
production, reproductive age, and seed dispersal 
distance affect the rate at which a species evolves and 
migrates. The information on threats and management 
considerations addresses a species’ response to insects, 
diseases, and wildfire, which may be exacerbated by 
climate change. 

The amount of published information available for 
each tree species varies significantly, with much more 
information available for the commercially important 
species. As a result, the level of detail contained in 
these tree profiles varies by species.  

Table A6-3. Data sources used to create tree species distribution maps for southwestern Oregon 

Dataset Source Coverage Inventory design 
Forest Inventory and 
Analysis (FIA) 

U.S. Forest Service, 
Pacific Northwest Region 

All public and private 
lands1 

Regularly spaced plots 

Current Vegetation Survey 
(CVS) 

U.S. Forest Service, 
Pacific Northwest Region 

National forests Regularly spaced plots 

USFS Region 6 Ecology 
Program 

U.S. Forest Service, 
Pacific Northwest Region 

National forests Plots located according to plant 
community type 

Oregon Flora Project Department of Botany and 
Plant Pathology, Oregon 
State University 

Public and private land 
in Oregon 

Species collections by many 
individuals with various 
objectives 

University of Washington 
Herbarium 

Burke Museum, University 
of Washington 

Public and private land 
in Oregon and 
Washington 

Species collections by many 
individuals with various 
objectives 

1 A small amount of random error was intentionally added to the FIA plot locations to protect the identity of landowners. 
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VULNERABILITY ASSESSMENT OF 
SOUTHWESTERN OREGON TREE SPECIES 
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INTRODUCTION 
There are numerous ways in which climate influences 
the growth, survival, and reproduction of tree species. 
If these climate influences are well-understood, they 
can be used to project a tree species’ potential 
response to various climate scenarios. For the tree 
species of southwestern Oregon, this process of 
evaluating potential climate effects was accomplished 
through a vulnerability assessment—a systematic 
process of identifying and quantifying areas of 
vulnerability within a system (Glick and Stein 2010). 
The assessment was undertaken to identify: (1) 
characteristics of individual forest tree species that 
could influence their response to long-term changes in 
climate, and (2) relative levels of vulnerability to 
climate change among the tree species of southwestern 
Oregon. 

We view this analysis as a tool for prioritizing tree 
species to help managers more efficiently allocate 
limited resources to the most vulnerable species. In our 
previous analysis of the climate change vulnerability 
of western Washington tree species (Aubry et al. 
2011), we concluded that a vulnerability assessment 
approach was useful for detecting probable underlying 
causes of climate change vulnerability and for 
prioritizing management responses. We selected the 
Forest Tree Genetic Risk Assessment System (GRAS) 
(Potter and Crane 2010) to assess climate change 
vulnerability of group 1 tree species because the 
system is well-suited to our regional needs and data 
availability (Aubry et al. 2011). As stated above, we 
did not apply the Forest Tree GRAS to group 2 or 3 
tree species; vulnerability of those species is discussed 
in the subsequent sections. 

The Forest Tree GRAS is a model developed to 
evaluate and rank the vulnerability of individual tree 
species within a region of interest, given anticipated 
effects of long-term climate change. It is designed to 
assist managers in focusing limited resources on the 
most vulnerable species, thus increasing the efficacy 
of conservation activities. Given projected changes in 
climate, conservation of species’ existing adaptedness, 

specifically variation in adaptive traits, is key to long-
term viability. However, because this detailed level of 
genetic information does not currently exist for many 
tree species, the Forest Tree GRAS uses documented 
ecological and life-history traits to assess the 
vulnerability of individual tree species to climate 
change and related threats (Myking 2002, Potter and 
Crane 2010).  

The Forest Tree GRAS rates each species according to 
factors deemed likely to influence its overall 
susceptibility to loss of genetic variation and adaptive 
capacity under projected changes in climate (Potter 
and Crane 2010). The model is composed of multiple 
risk factors, each containing a set of variables used to 
rate a species’ climate change vulnerability according 
to intrinsic attributes or external threats. Examples of 
intrinsic attributes include a species’ fecundity, 
mechanism of seed dispersal, and drought tolerance; 
examples of external threats include insects and 
diseases. Table A6-4 summarizes the five risk factors 
used in our analysis, the variables we chose for each 
risk factor, and the rating system for each variable. 

To conduct this assessment, we compiled information 
on individual tree species from a variety of sources 
including Silvics of North America (Burns and 
Honkala 1990), The Woody Plant Seed Manual 
(Bonner and Karrfalt 2008), the FIA annual inventory 
(USDA Forest Service 2010b), and other sources in 
the scientific literature. Information on insect and 
disease threats was provided by an expert panel from 
the U.S. Forest Service, Pacific Northwest Region 
Forest Health Protection Program Southwest Oregon 
Service Center. Compiled information is presented as 
tree species distribution maps and profiles (appendices 
7, 8). For each species, we assigned numerical ratings 
(0 to 100) to each of the variables within each risk 
factor (table A6-4). We then averaged all of the 
variable ratings for each species within each risk factor 
to determine a raw factor score for that species. Next, 
we scaled all of the species’ raw factor scores within 
each factor from 0 to 100 (i.e., we set the lowest 
species score to 0, the highest to 100, and adjusted all 
other species’ scores proportionally). The purpose of 
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the scaled scores is to provide equal weighting to each 
of the five risk factors for calculation of the overall 
vulnerability score for each species. Finally, we 
calculated an overall vulnerability score for each 
species based on an average of the five risk factor 
scores. We then ranked the species according to 
overall vulnerability score. 

VULNERABILITY ASSESSMENT 
RESULTS: GROUP 1 TREE 
SPECIES 
In the sections that follow, we describe the five risk 
factors and the variables that we used to rate climate 
change vulnerability for the forest canopy tree species 
of southwestern Oregon. Following a brief description 
of the methodology used for each factor, we list key 
observations and present a table of the variable ratings 
and factor scores. Both raw scores and scaled scores 
are presented for each factor. These overall 
vulnerability scores and rankings are presented at the 
end of this section. 

Distribution 

Approach 

The distribution risk factor is composed of three 
variables selected to describe the distribution of each 
tree species in southwestern Oregon: Frequency of 
Occurrence, Proportion of Canopy Trees, and 
Distribution in Southwestern Oregon (table A6-5). The 
first two of these three variables were calculated using 
FIA data (table A6-4); the FIA plots on which each 
species occurred are shown in supplement A6S2. 
Selection of these three variables was based on the 
premise that if a species is common, has a broad 
geographic distribution, and a relatively high level of 
canopy dominance, then its vulnerability to climate 
change is reduced. The dominant and co-dominant 
canopy trees are generally the trees with the greatest 
vigor and reproductive capacity; thus, a species with a 
high degree of canopy dominance was assumed to be 

more likely to maintain its presence. For the three 
variables in this factor: 

• Frequency of Occurrence was calculated as 
the percentage of FIA plots on which a given 
species occurred as a live tree (diameter >5 in 
[13 cm]). The vulnerability score ranged from 
0 (for the species occurring on the most plots) 
to 100 (for the species occurring on the fewest 
plots), with values for all other species 
assigned proportionally, according to the 
percentage of plots on which each occurred. 

• Proportion of Canopy Trees was calculated 
based only on the plots on which a given 
species occurred as a canopy tree (i.e., a tree 
coded by FIA as dominant, codominant, or 
open-grown). For each of these plots, we 
calculated the percentage of all canopy trees 
that the given species represented; we then 
averaged this percentage across these plots. 
The vulnerability score was calculated in the 
same manner as the Frequency of Occurrence 
variable, with the species composing the 
lowest percentage of canopy trees receiving 
the highest vulnerability score (i.e., 100). 

• Values for Distribution within Southwestern 
Oregon were assigned after evaluating the 
distribution of each species as shown on the 
maps in appendix 7. All sources of species 
occurrence data were used, not just data from 
FIA. Unlike the other two variables in this risk 
factor, this was a qualitative determination 
based on each species’ distribution within 
southwestern Oregon. Thus, this variable 
accounted for the spatial distribution of 
occurrences, whereas the Frequency of 
Occurrence variable was calculated only from 
the number of occurrences. 

Key Observations 

Several patterns emerged: 

• Frequency of occurrence on FIA plots was 
highest for Douglas-fir (71 percent). All other  
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Table A6-4. The five risk factors and descriptions and rating systems for variables within each factor for the Forest 
Tree GRAS (continues) 

Risk factor Variable Description Rating system1 

Distribution 
 

Frequency of 
occurrence 

Percentage of FIA plots on 
which a given species is present 

Highest frequency = 0; lowest frequency 
= 100; all other species scored 
proportionally according to frequency of 
occurrence 

 Proportion of canopy 
trees  

Mean proportion of all canopy 
trees (dominant, co-dominant, 
and open-grown crown classes) 
represented by a given species 
on all FIA plots where that 
species is present 

Highest mean proportion = 0; lowest 
mean proportion = 100; all other species 
scored proportionally 

 Distribution within study 
area 

Qualitative assessment, scored 
by examining distribution maps2 

Wide = 0 
Moderate = 25 
Narrow = 50 
Very narrow = 75 
Rare = 100 

Reproductive 
capacity3 

Seed dispersal vector Wind, water, birds, mammals, or 
gravity 

Wind and water = 0 
Birds, mammals, gravity = 100 

 Fecundity Qualitative assessment, based 
on size and frequency of seed 
crops, proportion of filled seed in 
mature cones or fruits, and 
germination rate 

High = 0 
Medium = 50 
Low = 100 

 Seed dispersal 
capacity 

Distance within which most seed 
is dispersed 

 > 0.5 mile = 0 
 400 ft to 0.5 miles = 50 
 < 400 ft = 100 

 Minimum seed-bearing 
age 

Age at which seed production 
begins under good growing 
conditions 

< 10 years = 0 
10 to 20 years = 50  
 > 20 years = 100 

 Dioecy Breeding system Monoecious = 0 
Dioecious = 100 

Habitat affinity 
 

Mean elevation Mean elevation (ft) of FIA all 
plots on which a given species 
is present 

Lowest elevation = 0; highest elevation = 
100; all other species scored 
proportionally according to frequency of 
occurrence 

 Successional stage3 Successional stage(s) in which 
the species typically achieves its 
greatest canopy presence 

Early = 0 
Early to late = 50 
Late = 100 

 Habitat specificity3 Habitat specificity relative to all 
other southwestern Oregon tree 
species 

Low = 0 
Medium = 50 
High = 100 

 Drought tolerance3 Drought tolerance relative to all 
other southwestern Oregon tree 
species 

High = 0 
Medium = 50 
Low = 100 
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species were substantially lower (<28 
percent). Eighteen species occurred on 10 
percent or fewer of FIA plots, and nine species 
occurred on 5 percent or few of FIA plots. 
Engelmann spruce did not occur on any FIA 
plots, but was inventoried in other surveys 
(appendix 7). 

• The species averaging the greatest proportion 
of canopy trees on the plots where they 
occurred were Douglas-fir (52 percent), 
lodgepole pine (48 percent), and Oregon white 
oak (46 percent). Fifteen species averaged less 

than 20 percent of canopy trees on the plots 
where they occurred. The species least 
represented among canopy trees were sugar 
pine (9 percent), knobcone pine (10 percent), 
and bigleaf maple (10 percent). 

• Based on distribution data from all sources, 
whitebark pine, subalpine fir, and Engelmann 
spruce were rated as having very narrow 
species distributions. Pacific silver fir and 
mountain hemlock were rated as having 
narrow distributions. Thirteen species had 

Table A6-4, continued 

Risk factor Variable Description Scoring system 

Adaptive 
genetic 
variation3 

Elevation band width 
of seed zones4 

Range in elevation within which 
maladaption due to seed 
movement is minimized 

No elevation bands = 0 
> 1,500 ft = 33 
1,000 to 1,500 ft = 67 
 < 1,000 ft = 100 

 Pollen dispersal vector Wind or insects Wind = 0 
Insects = 100 

 Disjunct populations Populations that are disjunct 
from the main portion of the 
species’ range 

No disjunct populations = 0 
One or more such populations = 100 

Major insect 
and disease 
threats5 

Threat Insect or disease that impacts 
the health or survival of the 
species 

Score for each threat is calculated as the 
product of the severity and immediacy 
scores 

Severity A rating of the present impact of 
insect or disease threats  

Minor mortality, usually of already-stressed 
trees = 1 
Moderate mortality in association with 
other threats = 3 
Moderate mortality of mature trees = 5 
Significant/complete mortality in related 
species = 6 
Significant mortality of mature trees = 8 
Complete mortality of all mature trees = 10 

Immediacy Threats weighted based on 
immediacy and present or 
expected exacerbation by a 
changing climate 

Potential to reach region of interest = 1 
Present in region = 2 
Present in region and climate change 
appears to be a contributing factor in 
increases in distribution and impact = 3 

1 Higher scores indicate greater vulnerability. 
2 See distribution maps in appendix 7. 
3 Unless otherwise noted, all information is taken from published literature, which is summarized in the tree profiles in appendix 8. 
4 Randall and Berrang (2002). 
5 Information provided by expert panel, U.S. Forest Service Pacific Northwest Forest Health Protection Program. 

 



A6-34    Appendix 6: Climate Change and Forest Trees in Southwestern Oregon 

medium distributions and seven had broad 
distributions. 

Engelmann spruce (100), whitebark pine (99), and 
subalpine fir (95) were rated as most vulnerable for the 
distribution risk factor. These are high-elevation 
species, and their limited distributions were associated 

with the fact that high-elevation habitat was limited 
within the study area. The species with the lowest 
distribution risk factor score was Douglas-fir (0); the 
species with the second-lowest score was lodgepole 
pine (47).  

Table A6-5. Distribution risk factor for a climate change vulnerability assessment of major southwestern Oregon 
tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for three variables representing 
distribution-related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 

FIA data  Score 

Frequency of 
occurrence 
(% of plots) 

Proportion 
of canopy 
trees (%)  

Frequency of 
occurrence1 

Proportion 
of canopy 

trees1 
Distribution 
in SW OR2 

Raw 
factor 
score 

Scaled 
factor 
score 

Engelmann spruce3 0.0 -  100 - 75 88 100 

Whitebark pine 0.7 14.5  99 87 75 87 99 

Subalpine fir 1.4 18.6  98 77 75 83 95 

Knobcone pine 1.4 9.6  98 98 25 74 84 

Western redcedar 5.0 10.5  93 96 25 71 81 

California black oak 3.8 15.9  95 83 25 68 77 

Port-Orford-cedar 5.5 15.6  92 84 25 67 77 

Pacific silver fir 3.0 30.5  96 50 50 65 75 

Canyon live oak 9.3 18.1  87 78 25 63 73 

Ponderosa pine 10.0 18.5  86 77 25 63 72 

Bigleaf maple 10.0 9.8  86 97 0 61 70 

Western hemlock 16.8 17.1  77 81 25 61 69 

Sugar pine 13.9 8.7  81 100 0 60 69 

Mountain hemlock 9.8 33.1  86 44 50 60 69 

Western white pine 9.1 15.5  87 84 0 57 65 

Incense-cedar 19.8 11.7  72 93 0 55 63 

Pacific madrone 21.4 13.3  70 89 0 53 61 

Red alder 7.3 23.0  90 67 0 52 60 

Noble fir - Shasta red fir 9.5 33.2  87 44 25 52 59 

Jeffrey pine 1.8 39.8  98 29 25 50 58 

Grand fir - white fir 27.1 27.4  62 57 25 48 55 

Tanoak 17.3 33.7  76 43 25 48 55 

Oregon white oak 2.3 46.3  97 14 25 45 52 

Lodgepole pine 7.3 48.2  90 9 25 41 47 

Douglas-fir 71.4 52.2  0 0 0 0 0 
1 Highest = 0; lowest = 100; all other species scored in proportion to where their values fell between these two extremes. 
2 Wide = 0; moderate = 25; narrow = 50; very narrow = 75; rare = 100. 
3 This species did not appear on any FIA plots, likely because stands did not meet the minimum stocking criteria for plot establishment. The 
factor score was calculated by averaging the other two variables, rather than all three variables. 
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Reproductive Capacity 

Approach 

The variables in this risk factor relate to regeneration 
and seed dispersal: Seed Dispersal Vector, Fecundity, 
Seed Dispersal Capacity, Minimum Seed-Bearing 
Age, and Dioecy (breeding system) (table A6-6). At 
greater risk are species with bird or mammal seed 
dispersal vectors, lower production of viable seed, less 
frequent seed crops, later seed-bearing age, shorter 
seed dispersal distances, and more complex breeding 
systems. Because many of these tree species need 
openings to reproduce, reproductive capacity rankings 
in this case represent the relative ability of species to 
migrate and regenerate after large-scale disturbances, 
which are expected to become more frequent in the 
future under a changing climate (Littell et al. 2010).  

These scores are based on present seed biology and 
climate (including wind patterns); some of these 
characteristics may change over the next century as 
trees acclimate to a changing environment. Therefore, 
the information presented here is appropriate for the 
near future only and must be updated as new 
information becomes available. 

Key Observations 

• About one-quarter of the tree species in 
this assessment rely on birds and small 
mammals as their primary dispersal 
vectors. These species will be especially at 
risk for a severe reduction in seed 
dispersal if their dispersal vectors are 
disrupted. 

• The scores for Fecundity (low, medium, 
and high) were based on a qualitative 
assessment of size and frequency of seed 
crops, proportion of filled seed in mature 
cones or fruits, and germination rate. One 
species, whitebark pine, was classified has 
having low fecundity. 

• Most of the tree species examined in this 
assessment have a seed dispersal distance 

of less than 400 ft (122 m) (score = 100). 
Five species, western hemlock, mountain 
hemlock, knobcone pine, Pacific madrone, 
and western white pine, have a maximum 
dispersal distance between 400 to 2,600 ft 
(122 to 792 m) (score = 50). One species, 
whitebark pine, has the advantage of 
longer-distance seed dispersal (score = 0) 
due to dispersal by Clark’s nutcrackers 
which cache seeds up to 20 miles (32 km) 
from source trees. 

• Species were evenly distributed among the 
three Minimum Seed-Bearing Age 
categories (less than 10 years, 10 to 20 
years, and more than 20 years). 

• All species in group 1 are monoecious 
(both male and female reproduction on the 
same individual); therefore, the Dioecy 
variable had no effect on rankings. 

The species with the highest factor score (100), and 
thus the greatest vulnerability, was Oregon white oak 
due to its reliance on bird and mammal seed dispersal 
vectors, its short dispersal distance, and its high 
minimum seed-bearing age. Whitebark pine and 
California black oak (80) ranked next highest and had 
similar characteristics to Oregon white oak except that 
whitebark pine had long seed dispersal distances, 
which reduced its vulnerability. The next highest 
scoring group (score 60) for this risk factor includes 
two species of true fir, Pacific silver fir and the noble 
fir - Shasta red fir complex, Port-Orford-cedar, tanoak, 
Engelmann spruce, Jeffrey pine, and canyon live oak. 
Port-Orford-cedar is planted on the Umpqua National 
Forest in small numbers. Shorter seed dispersal 
distances and various combinations of scores for other 
variables resulted in these higher scores. 

The species with the lowest score (0), and thus rated 
least at risk due to reproductive capacity, were four 
pine species, ponderosa pine, western white pine, 
sugar pine, and knobcone pine, and one broadleaf 
species, red alder. High production of wind-dispersed  
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Table A6-6. Reproductive capacity risk factor for a climate change vulnerability assessment of major southwestern 
Oregon tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for five variables representing 
reproduction-related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 
Seed dispersal 

vector 

Score 
Seed-

dispersal 
vector1 Fecundity2 

Seed 
dispersal 
distance3 

Minimum 
seed-

bearing age4 Dioecy5 

Raw 
factor 
score 

Scaled 
factor 
score 

Oregon white oak Birds, small 
mammals, gravity 

100 50 100 100 0 70 100 

Whitebark pine Clark's nutcracker 100 100 0 100 0 60 80 

California black oak Birds, small 
mammals 

100 0 100 100 0 60 80 

Port-Orford-cedar Gravity, water 100 50 100 0 0 50 60 

Tanoak Birds, small 
mammals 

100 50 100 0 0 50 60 

Jeffrey pine Birds, small 
mammals 

100 0 100 50 0 50 60 

Canyon live oak Birds, small 
mammals 

100 0 100 50 0 50 60 

Pacific silver fir Wind 0 50 100 100 0 50 60 

Noble fir - Shasta red fir Wind 0 50 100 100 0 50 60 

Engelmann spruce Wind 0 50 100 100 0 50 60 

Pacific madrone Birds, deer, 
rodents, gravity 

100 50 50 0 0 40 40 

Grand fir - white fir Wind, rodents 0 50 100 50 0 40 40 

Subalpine fir Wind 0 50 100 50 0 40 40 

Incense-cedar Wind 0 0 100 100 0 40 40 

Western redcedar Wind 0 0 100 100 0 40 40 

Bigleaf maple Wind 0 0 100 50 0 30 20 

Lodgepole pine Wind 0 0 100 50 0 30 20 

Douglas-fir Wind 0 0 100 50 0 30 20 

Western hemlock Wind 0 0 50 100 0 30 20 

Mountain hemlock Wind 0 0 50 100 0 30 20 

Red alder Wind, water 0 0 100 0 0 20 0 

Sugar pine Wind 0 0 100 0 0 20 0 

Ponderosa pine Wind 0 0 100 0 0 20 0 

Knobcone pine Wind 0 0 50 50 0 20 0 

Western white pine Wind 0 0 50 50 0 20 0 

1 Wind or water = 0; animals or gravity = 100. 
2 High = 0; medium = 50; low = 100. 
3 Greater than 0.5 mile = 0; 400 ft to 0.5 miles = 50; less than 400 ft = 100. 
4 Less than 10 years = 0; 10 to 20 years = 50; more than 20 years = 100. 
5 Monoecious = 0; dioecious = 100. 
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seed and relatively young minimum seed-bearing ages, 
and, in the case of knobcone and western white pine, a 
moderately long seed dispersal distance, give these 
species greater opportunity for post-disturbance 
reproduction. All of these species except knobcone 
pine and red alder are commercial species that are 
planted as part of reforestation programs on the 
national forests of southwestern Oregon. 

Douglas-fir, which accounts for 50 percent of the 
acreage planted on the Umpqua and 22 percent on the 
Rogue River-Siskiyou received a score of 20 and 
therefore ranked among the least vulnerable to climate 
change based on reproductive capacity. Thus, the 
primary commercial species, Douglas-fir, ponderosa 
pine, and sugar pine had low vulnerability scores for 
this risk factor. 

Habitat Affinity 

Approach 

The habitat affinity risk factor consists of four 
variables selected to describe how a species’ habitat 
affinities are expected to influence its vulnerability to 
projected changes in climate (table A6-7). The four 
variables are: Mean Elevation, Successional Stage, 
Habitat Specificity, and Drought Tolerance. Species 
occurring at high elevations are more vulnerable to 
climate change, specifically warming temperatures, 
because the extent of their habitat and their pathways 
of migration become increasingly limited (Parmesan 
2006). Mean Elevation was calculated from all 
occurrences on FIA plots in the study area. The 
vulnerability score ranged from 0 (the species with the 
lowest mean elevation) to 100 (the species with the 
highest mean elevation), with values for all other 
species assigned proportionally, according to where 
their mean elevations fell between these two extremes. 

The Successional Stage variable was included because 
species adapted to late successional stages generally 
have greater within-population genetic diversity than 
species of early successional stages (Hamrick et al. 
1992) and thus are assumed to be more vulnerable to 

loss of genetic diversity (Myking 2002, Potter and 
Crane 2010). We based the Successional Stage 
variable on the successional stage at which a tree 
species typically becomes a significant component of 
the forest canopy. Habitat Specificity represents the 
specificity of a given species’ habitat requirements 
relative to other tree species in southwestern Oregon. 
Species with high habitat specificity were assigned 
high vulnerability scores because they were considered 
more vulnerable to habitat loss associated with climate 
change. Drought Tolerance was included because 
projected increases in summer temperatures are likely 
to be associated with increased drought, even if no 
substantial change occurs in summer precipitation. 
Species with higher tolerance of drought were 
assigned lower vulnerability scores. 

Key Observations 

For the habitat affinity risk factor: 

• Species’ mean elevations ranged from 1,635 to 
6,577 ft (500 to 2,000 m), and mean elevations 
of species were evenly distributed between 
these extremes. The highest-elevation species 
was whitebark pine, and the lowest-elevation 
species were red alder, tanoak, and bigleaf 
maple. 

• All of the species occur in early or early to late 
successional stages, with the exception of 
Pacific silver fir which typically achieves its 
highest level of canopy representation at late 
successional stages. 

• Whitebark pine was the only species rated as 
having high habitat specificity. Seven species 
were rated as having low habitat specificity 
(the grand fir-white fir complex, incense-
cedar, Douglas-fir, Pacific madrone, Canyon 
live oak, bigleaf maple, and tanoak). 

• Ratings for drought tolerance were relatively 
evenly distributed among the three categories 
(low, medium, and high). Drought tolerance 
ratings were assigned relative to the other trees 
of southwestern Oregon; thus, some ratings  
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Table A6-7. Habitat affinity risk factor for a climate change vulnerability assessment of major southwestern Oregon 

tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for four variables representing habitat-
related vulnerabilities as well as factor scores based on the average of the variable scores 

Species 
Mean 

elevation (ft)1 

Score 

Mean 
elevation2 

Successional 
stage3 

Habitat 
specificity4 

Drought 
tolerance5 

Raw 
factor 
score 

Scaled 
factor 
score 

Pacific silver fir 5,353 75 100 50 100 81 100 

Mountain hemlock 5,764 84 50 50 100 71 87 

Subalpine fir 5,600 80 50 50 100 70 85 

Engelmann spruce 4,607 60 50 50 100 65 79 

Noble fir - Shasta red fir 5,549 79 0 50 100 57 69 

Western hemlock 2,936 26 50 50 100 57 68 

Western white pine 4,660 61 50 50 50 53 63 

Whitebark pine 6,577 100 0 100 0 50 60 

Lodgepole pine 5,482 78 0 50 50 44 52 

Sugar pine 2,862 25 50 50 50 44 52 

Western redcedar 2,638 20 50 50 50 43 50 

Port-Orford-cedar 2,176 11 50 50 50 40 47 

Red alder 1,635 0 0 50 100 38 44 

Grand fir - white fir 3,900 46 50 0 50 36 42 

Ponderosa pine 3,528 38 50 50 0 35 40 

Douglas-fir 2,902 26 50 0 50 31 36 

Bigleaf maple 1,994 7 50 0 50 27 30 

Tanoak 1,764 3 50 0 50 26 28 

Incense-cedar 3,305 34 50 0 0 21 22 

Knobcone pine 3,040 28 0 50 0 20 20 

Jeffrey pine 2,864 25 0 50 0 19 19 

Oregon white oak 2,388 15 0 50 0 16 16 

California black oak 2,227 12 0 50 0 15 15 

Canyon live oak 2,173 11 50 0 0 15 15 

Pacific madrone 2,380 15 0 0 0 4 0 
1 Mean elevations of all occurrences on FIA plots. 
2 Lowest elevation = 0; highest = 100; all other species scored in proportion to where their values fell between these two extremes. 
3 Early = 0; early to late = 50; late = 100. 
4 Low = 0; medium = 50; high = 100. 
5 High = 0; medium = 50; low = 100. 
6 Because this species did not occur on any FIA plots, we used mean elevation data of occurrences on CVS plots, which were established 
using a comparable protocol. 
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differed from those assigned to the same 
species in other subregions of the Pacific 
Northwest. 

Pacific silver fir had the highest vulnerability score for 
the habitat affinity risk factor (100), followed by 
mountain hemlock (87), subalpine fir (85), and 
Engelmann spruce (79). Pacific silver fir was ranked 
highest in vulnerability owing to its late-successional 
canopy presence and its low drought tolerance, as well 
as its relatively high mean elevation. Mountain 
hemlock and subalpine fir had scores similar to those 
of Pacific silver fir for all variables except 
Successional Stage, in which they were rated 50 (early 
to late) instead of 100 (late). Pacific madrone had the 
lowest habitat affinity vulnerability score (0), followed 
by canyon live oak (15), California black oak (15), and 
Oregon white oak (16). 

Adaptive Genetic Variation 

Approach 

The adaptive genetic variation factor is based on 
elements that describe a tree species’ ability to adapt to 
a changing climate: genetic diversity, gene flow, and 
population structure. Genetic variation in adaptive 
traits is important because it provides the raw 
materials for populations to cope with climate change 
through evolution (Aitken et al. 2008). Forest trees 
generally have high levels of both within- and among-
population genetic diversity for quantitative traits 
related to adaptation. A 
wealth of information has 
been collected on this type 
of genetic variation in 
commercially important 
trees species through 
common garden 
experiments. This 
information has been 
critical in developing seed 
zones and elevation bands 
to guide seed movement 

(Randall 1996). 

Rehfeldt (1994) used the term specialist to describe 
species in which genetic variability is organized into 
numerous local populations, each of which is 
physiologically specialized for a particular range of 
environments. Conversely, the term generalist 
describes species in which individuals, and therefore 
populations, are attuned to a broad range of 
environments. Because specialist species are closely 
adapted to their local environment and do not have the 
necessary adaptive genetic variation within 
populations to rapidly adapt to a changing climate, 
they are more susceptible to changes in climate. The 
general characteristics of these alternative evolutionary 
strategies are shown in table A6-8. 

Genetic variation in traits related to local adaptation is 
critically important in assessing vulnerability to 
climate change. Seed zones delineated for 
commercially important tree species reflect levels of 
genetic variation in adaptive traits; however, the 
number and size of these zones also are dependent on 
the distribution of the species. Therefore, in this risk 
factor, we used seed zone elevation band width (within 
this study area) as a surrogate for adaptive genetic 
variation. Species with one or no elevation bands are 
considered generalists with wide climatic tolerances, 
whereas species with several narrow elevation bands 
are considered specialists, highly adapted to their local 
environment, with specific climatic requirements. For 
example, elevation band widths that determine seed 

Table A6-8. Comparison of alternative evolutionary strategies 

Characteristic 

Evolutionary strategy 

Specialist Generalist 

Factor controlling physical expression of 
adaptive traits 

Genotype Environment 

Mechanism for accommodating 
environmental heterogeneity 

Genetic variation Phenotypic 
plasticity 

Range of environments across which 
physiological processes function optimally 

Small Large 

Slope of gradients for adaptive traits Steep Flat 

Source: Rehfeldt 1994. 
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transfer zones for Douglas-fir, a specialist species, are 
1,000 ft (305 m), whereas for western white pine, a 
generalist species, there are no elevation restrictions 
on seed transfer (Campbell and Sugano 1989, Randall 
1996). Because specialist species are more vulnerable 
to changes in climate, species with narrow elevation 
bands within their southwestern Oregon range were 
given a higher vulnerability score (table A6-9). It 
should be noted that, for a given species, elevation 
band width within our study area may differ from that 
elsewhere in the species’ range. 

Evolution and response to natural selection depend on 
a number of factors including genetic diversity present 
within populations and gene flow from adjacent 
populations (Aitken et al. 2008). For example, gene 
flow into a population from adjacent populations 
growing at warmer temperatures (such as populations 
at lower elevations or further south) can increase the 
rate of adaptation by introducing genetic variation that 
is pre-adapted to a warmer climate. Gene flow occurs 
through the movement of pollen and seed; however, 
neither of these vectors is easy to measure on a 
quantitative basis. Species that are insect-pollinated 
are more vulnerable to climate change because of the 
required interaction with another organism; climate 
change may affect the seasonal patterns of insect 
pollinator activity and thus disrupt the synchrony 
between the pollinators and the time of flowering, 
negatively affecting gene flow. Species with animal-
dispersed seed were assigned higher vulnerability 
ratings (in the reproductive capacity risk factor; table 
A6-6) because of their dependence on interactions 
with another organism. 

Populations that are disjunct from other parts of a 
species’ distribution may evolve to be genetically 
distinct due to the lack of exchange of genetic material 
among populations. This may or may not be reflected 
in adaptive genetic variation, but regardless, this 
genetic “uniqueness” makes these populations high 
priorities for conservation. Additionally, gene flow 
into populations that are isolated or fragmented is 
often interrupted, which increases the future 
vulnerability of these populations, as opportunities to 

receive novel adaptive genetic variation are restricted. 
Given climate warming trends and anticipated 
northward shifts in species’ distributions, range 
contraction affecting disjunct populations is of 
particular concern where these populations are at the 
southernmost extent of a species’ distribution. This 
vulnerability is represented by the Disjunct 
Populations variable. Species received a high 
vulnerability score for this variable if the potential loss 
of a disjunct population was deemed likely to impact 
the climate change vulnerability of the species as a 
whole (e.g., the loss of a genetically distinct 
population at the southern extreme of a species’ 
distribution). 

Data for all variables in this risk factor were obtained 
from the scientific literature. Elevation band widths 
were obtained from the Oregon Department of 
Forestry, Forest Tree Seed Zones for Western Oregon 
(Randall 1996) and Washington Tree Seed Transfer 
Zones (Randall and Berrang 2002) for all species with 
the exception of whitebark pine, subalpine fir, 
mountain hemlock, Pacific madrone, bigleaf maple, 
tanoak, knobcone pine, and the three oak species. 
Formal seed zones have not been delineated for 
whitebark pine, mountain hemlock, bigleaf maple, and 
Oregon white oak, but published information on 
adaptive genetic variation in combination with the 
elevational range of these species in southwestern 
Oregon (appendix 7) was used to assign scores for this 
variable. Information for whitebark pine was obtained 
from Bower and Aitken (2008) and Aubry et al. 
(2008), mountain hemlock from Benowicz and El-
Kassaby (1999) and Benowicz et al. (2001b), Oregon 
white oak from Hubert (2009), and bigleaf maple from 
Iddrisu (2005). For tanoak, Pacific madrone, canyon 
live oak, California black oak, subalpine fir, and 
knobcone pine, no published information was 
available, so scores were based on consultation with 
species experts, and, unless there was specific data to 
the contrary, the basic seed zones/elevation bands in 
Forest Tree Seed Zones for Western Oregon (Randall 
1996) were used. 
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Table A6-9. Adaptive genetic variation risk factor for a climate change vulnerability assessment of major 

southwestern Oregon tree species. Included are scores (0 to 100; 100 = greatest vulnerability) for three 
variables representing vulnerabilities related to adaptive genetic variation as well as factor scores based 
on the average of the variable scores 

  
Species 

Pollen 
dispersal 

vector 

Score 

Seed zone 
elevation 

band width1 

Pollen 
dispersal 
vector2 

Disjunct 
populations3 

Raw 
factor 
score 

Scaled 
factor 
score 

Pacific madrone Insects 67 100 0 56 100 

Subalpine fir Wind 
 

67 0 100 56 100 

Engelmann spruce Wind 67 0 100 56 100 

Port-Orford-cedar Wind 100 0 0 33 60 

Douglas-fir Wind 100 0 0 33 60 

Oregon white oak Wind 100 0 0 33 60 

Bigleaf maple Insects 0 100 0 33 60 

Whitebark pine Wind 0 0 100 33 60 

Grand fir - white fir Wind 67 0 0 22 40 

Red alder Wind 67 0 0 22 40 

Incense-cedar Wind 67 0 0 22 40 

Tanoak Wind 67 0 0 22 40 

Lodgepole pine Wind 67 0 0 22 40 

Jeffrey pine Wind 67 0 0 22 40 

Ponderosa pine Wind 67 0 0 22 40 

Knobcone pine Wind 67 0 0 22 40 

Canyon live oak Wind 67 0 0 22 40 

California black oak Wind 67 0 0 22 40 

Western hemlock Wind 67 0 0 22 40 

Mountain hemlock Wind 33 0 0 11 20 

Pacific silver fir Wind 33 0 0 11 20 

Noble fir - Shasta red fir Wind 33 0 0 11 20 

Sugar pine Wind 33 0 0 11 20 

Western white pine Wind 0 0 0 0 0 

Western redcedar Wind 0 0 0 0 0 

1 No seed zone elevation bands = 0; bands wider than 1,500 ft = 33; bands 1,000 to 1,500 ft = 67; bands less than 1,000 ft = 100. 
2 Primarily abiotic pollination vectors = 0; primarily biotic pollination vectors = 100. 
3 No disjunct populations = 0; one or more such populations = 100. 
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Key Observations 

Most of the group 1 species are continuously 
distributed and wind pollinated, so the few species that 
are insect pollinated or have disjunct populations 
ranked relatively high (risk factor scores of 60 or 100). 

• Three species received scores of 100 for the 
Disjunct Populations variable: subalpine fir, 
Engelmann spruce, and whitebark pine. 
Whitebark pine populations are generally 
relatively small, and in most cases are 
restricted to isolated mountain peaks. In an 
extreme example, the only whitebark pines on 
the Rogue River-Siskiyou National Forest are 
two clumps of trees near the summit of Mt. 
Ashland. While whitebark pine seed can be 
transported long distances by the Clark’s 
nutcracker (up to 20 miles, Lorenz et al. 
2011), populations on different mountain 
ranges will have restricted gene flow, which 
could negatively impact their ability to adapt 
to changes in climate, making them more 
vulnerable. Within the study area, subalpine 
fir and Engelmann spruce both have small, 
disjunct populations in the Siskiyou 
Mountains which represent the southern edges 
of both species’ ranges in the Pacific 
Northwest. It should be noted that mountain 
hemlock also has small, disjunct populations 
in the study area; however, these populations 
do not represent the edge of the species’ range, 
which extends much farther south into 
California. Thus, these local disjunct 
populations of mountain hemlock may be 
vulnerable to climate change, but their 
vulnerability does not necessarily increase the 
overall vulnerability of the species to climate 
change. 

• Scores for subalpine fir (100), Engelmann 
spruce (100), and whitebark pine (60), all 
high-elevation species, ranked among the 
highest in this risk factor. 

• Western white pine (0) and western redcedar 
(0) are generalist species with broad 
environmental tolerances and have no 
elevation bands in southwestern Oregon. 
These two species ranked lowest in this risk 
factor. 

Insects and Diseases 

Approach 

This risk factor includes insects and diseases that 
presently affect the tree species under assessment or 
are expected to exacerbate the negative impacts of 
climate changes on tree survival, growth, or vigor 
(table A6-10). For each tree species, the most 
important insect and disease threats within the area of 
analysis were determined by entomologists and 
pathologists of the USFS Southwest Oregon Forest 
Insect and Disease Service Center, who rated each 
insect and disease according to the severity and 
immediacy of its impact. The score for each threat to 
each species was calculated by multiplying the 
severity and immediacy ratings; the factor score for 
each species is the sum of all individual threat scores 
for that species. 

We made one modification to Potter and Crane’s 
(2010) original format for this risk factor; we altered 
their threat immediacy rating scale to better represent 
threats in southwestern Oregon. We changed the 
definition of immediacy score 2, “approaching region 
of interest,” to “present in region;” and we changed the 
definition of immediacy score 3, “present in region,” 
to “present in region and climate change appears to 
contribute to increases in distribution and impact.” 
Although species-specific predictions for the future 
remain uncertain, these changes were made because 
there are indications that the current trend in climate 
warming has already exacerbated the effects of several 
insects and diseases on tree species of southwestern 
Oregon. 
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Table A6-10. Insects and diseases risk factor for a climate change vulnerability assessment of major southwestern 
Oregon tree species. Vulnerability scores for as many as five major threats per tree species and factor scores are 
shown (continues) 

Species 

Threat 1  Threat 2  Threat 3 

Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e 

  Threat Se
ve

rit
y 

Im
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ia

cy
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e 
 Threat Se
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rit

y 

Im
m
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Grand fir - white fir Fir engraver 8 3 24  Heterobasidion 
root disease 

8 2 16  Armillaria root 
disease 

8 2 16 

Ponderosa pine Western pine beetle 8 3 24  Mountain pine 
beetle 

8 3 24  Armillaria root 
disease 

3 2 6 

Douglas-fir (below       
3,500 ft) 

Flatheaded fir borer 8 3 24  Dwarf mistletoe 8 2 16  DF cankers 
(Phomopsis 
etc.) 

3 2 6 

Douglas-fir (above      
3,500 ft) 

Laminated root rot 8 2 16  Douglas-fir beetle 8 2 16  Dwarf mistletoe 8 2 16 

Sugar pine Mountain pine   
beetle 

8 3 24  Armillaria root 
disease 

5 2 10  White pine blister 
rust 

3 2 6 

Western white pine Mountain pine  
beetle 

8 3 24  Armillaria root 
disease 

5 2 10  White pine blister 
rust 

3 2 6 

Lodgepole pine Mountain pine beetle 8 2 16  Dwarf mistletoe 5 2 10  Western gall rust 3 2 6 

Mountain hemlock Laminated root rot 8 2 16  Dwarf mistletoe 8 2 16  Heterobasidion 
root disease 

3 2 6 

Knobcone pine Mountain pine beetle 8 2 16  Pine engraver 
beetles (Ips spp.) 

5 2 10  Western gall rust 3 2 6 

Tanoak Phytophthora 
ramorum 

10 2 20  Armillaria root 
disease 

5 2 10  Ambrosia beetles 3 2 6 

Whitebark pine Mountain pine beetle 8 3 24  White pine blister 
rust 

3 2 6      

Port-Orford-cedar Phytophthora 
lateralis 

10 2 20  Cedar bark beetle 3 2 6  Cypress canker 1 2 2 

Noble fir - Shasta red fir Fir engraver 5 2 10  Heterobasidion 
root disease 

3 2 6  Dwarf mistletoe / 
cytospora 
canker 

 

3 2 6 

Pacific madrone Natrassia and 
Botryosphaeria 

 

5 2 10  Phytophthora root 
rot 

3 2 6  Phytophthora 
ramorum 

3 1 3 

Pacific silver fir Balsam woolly 
adelgid 

5 2 10  Heterobasidion 
root disease 

3 2 6  Silver fir beetle 3 2 6 

Subalpine fir Balsam woolly 
adelgid 

5 2 10  Armillaria root 
disease 

3 2 6  Western balsam 
bark beetle 

3 2 6 

Red alder Armillaria root 
disease 

3 2 6  Wood borers 3 2 6  Phytophthora alni 5 1 5 

Engelmann spruce Spruce beetle 5 2 10  Tomentosus root 
rot 

3 2 6      

Jeffrey pine Dwarf mistletoe 5 2 10  Jeffrey pine beetle 3 2 6      

Bigleaf maple Verticillium wilt 3 2 6  Armillaria root 
disease 

3 2 6  Bacterial scorch 1 1 1 

Oregon white oak Armillaria root 
disease 

3 2 6  Phytophthora 
cinnamomi 

5 1 5  True mistletoe 1 2 2 

Western hemlock Heterobasidion root 
disease 

3 2 6  Dwarf mistletoe 3 2 6       

California black oak Armillaria root 
disease 

3 2 6  Phytophthora 
cinnamomi 

5 1 5       

Canyon live oak Phytophthora 
ramorum 

5 1 5  Phytophthora 
cinnamomi 

5 1 5   
    

Western redcedar Cedar leaf blight 1 2 2  Cypress canker 1 2 2       

Incense-cedar Incense cedar rust 1 2 2                   
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Table A6-10, continued 

Species 

Threat 4 

 

Threat 5 

  

Score 

Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e 

Threat Se
ve

rit
y 

Im
m

ed
ia

cy
 

Sc
or

e Raw 
factor 
score1 

Scaled 
factor 
score 

Grand fir - white fir Laminated root rot 8 2 16 
 

Dwarf mistletoe/ 
cytospora    
complex 

3 2 6  78 100 

Ponderosa pine Pine engravers 
beetles (Ips spp.) 

3 2 6  Western gall rust 1 2 2  62 79 

Douglas-fir (below       
3,500 ft) 

Armillaria root 
disease 

3 2 6  Swiss needle cast 1 3 3  55 702 

Douglas-fir (above        
3,500 ft) 

          48 612 

Sugar pine Lophodermella / 
lophodermium 
needle casts 

1 2 2 
 

     42 53 

Western white pine Lophodermella / 
lophodermium 
needle casts 

1 2 2 
 

     42 53 

Lodgepole pine Lophodermella / 
lophodermium 
needle casts 

1 2 2 
 

Pine engravers 
beetles (Ips) 

3 2 6  40 50 

Mountain hemlock            38 47 

Knobcone pine Dwarf mistletoe 3 2 6       38 47 

Tanoak           36 45 

Whitebark pine           30 37 

Port-Orford-cedar           28 34 

Noble fir - Shasta red fir Armillaria root 
disease 

3 2 6       28 34 

Pacific madrone Leafspotting fungi 1 2 2  Fall webworm 1 2 2  23 28 

Pacific silver fir            22 26 

Subalpine fir            22 26 

Red alder            17 20 

Engelmann spruce            16 18 

Jeffrey pine            16 18 

Bigleaf maple            13 14 

Oregon white oak            13 14 

Western hemlock            12 13 

California black oak            11 12 

Canyon live oak            10 11 

Western redcedar            4 3 

Incense-cedar               2 0 

Note: Severity calculated as: minor mortality, usually of already-stressed trees = 1; moderate mortality in association with other threats = 3; 
moderate mortality of mature trees = 5; significant/complete mortality in related species = 6; significant mortality of mature trees = 8; 
mortality of all mature trees = 10. Immediacy calculated as: potential to reach region = 1; present in region = 2; present in region & climate 
change appears to increase distribution and impact = 3. Threat score is the product of multiplying severity and immediacy values. 
1 Calculated by summing the five threat scores. Higher scores indicate greater vulnerability. 
2 Scores for above and below 3,500 ft elevation were averaged to create an overall score (table A6-11). 
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Key Observations 

Each tree species was assigned between 1 and 5 
threats. Threats are arranged in table A6-10 from 
highest to lowest score (threat 1 is highest; threat 2 is 
second highest, etc.). The threat severity scores ranged 
from 1 (minor mortality, usually of already-stressed 
trees) to 10 (mortality of all mature trees). Immediacy 
scores were 1 (potential to reach region), 2 (present in 
region), or 3 (present in region and climate change 
appears to contribute to increases in distribution and 
impact). 

The insect threats with the highest scores were: 

• Fir engraver / white fir-grand fir (24) 
• Western pine beetle / ponderosa pine (24) 
• Flatheaded fir borer / Douglas-fir below 3,500 

ft (24) 
• Mountain pine beetle / ponderosa pine, sugar 

pine, western white pine, whitebark pine (24) 
• Mountain pine beetle / lodgepole pine, 

knobcone pine (16) 
• Douglas-fir beetle / Douglas-fir above 3,500 ft 

(16) 

In each case, the immediacy score was either 2 or 3, 
and the severity score was 8 (significant mortality of 
mature trees). 

The disease threats with the highest scores were: 
• Laminated root rot / grand fir-white fir, 

Douglas-fir above 3,500 ft, mountain hemlock 
(16) 

• Phytophthora lateralis / Port-Orford-cedar 
(20) 

• Phytophthora ramorum / tanoak (20) 
• Dwarf mistletoe / Douglas-fir at all elevations, 

mountain hemlock (16) 
• Heterobasidion root disease / grand fir-white 

fir (16) 
• Armillaria root disease / grand fir-white fir 

(16) 

Among these disease threats, all immediacy scores 
were assigned 2; all severity scores were assigned 8, 

with the exception of Port-Orford-cedar and tanoak 
which received severity scores of 10. 

Grand fir-white fir was ranked highest, with a 
vulnerability score of 100, for the insect and disease 
threat risk factor. Ponderosa pine (79) and Douglas-fir 
(65; scores averaged for above and below 3,500 ft 
elevation) received the next-highest scores. These two 
species, with sugar pine and western white pine which 
also were ranked among the most vulnerable, are the 
species most often planted after timber harvest and 
fires. Commercial species are therefore at a very high 
risk from insect and disease threats, which, in many 
cases, are being exacerbated by a changing climate. 
However, it should be noted that commercial species 
have also received the most attention regarding insects 
and diseases; thus, we may have a relatively greater 
understanding of the threats that these species face. 
The species with the lowest risk factor scores were 
incense-cedar (0) and western redcedar (3). Broadleaf 
species all had scores of 20 or less except for tanoak 
(45) and Pacific madrone (28). 

Overall Scores and Rankings 

The vulnerability score for each risk factor and the 
overall vulnerability score for each species are 
displayed in table A6-11. The overall vulnerability 
scores were calculated by averaging the five risk 
factors, which were weighted equally. Higher overall 
scores indicate higher projected vulnerability to the 
effects of climate change as measured by the five risk 
factors. General observations on the vulnerability 
scores and rankings shown in table A6-11 include: 

• Among the group 1 tree species, overall 
vulnerability scores ranged from 33 to 72 
(lowest and highest scores possible were 0 and 
100, respectively). When species were ranked 
by score, the largest gap between scores (11 
points) was between the third and fourth most 
vulnerable species. 

• Relative to the other subregions with the 
Pacific Northwest, overall vulnerability scores  
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Table A6-11. Summary of five risk factor scores, and overall vulnerability scores, in a climate change vulnerability 
assessment of major southwestern Oregon tree species 

Species 

Risk factor score 

Overall 
score1 Distribution 

Reproductive 
capacity 

Habitat 
affinity 

Adaptive 
genetic 

variation 
Insects and 

disease 
Engelmann spruce 100 60 79 100 18 72 

Subalpine fir 95 40 85 100 26 69 

Whitebark pine 99 80 60 60 37 67 

Pacific silver fir 75 60 100 20 26 56 

Port-Orford-cedar 77 60 47 60 34 56 

Grand fir - white fir 55 40 42 40 100 55 

Mountain hemlock 69 20 87 20 47 49 

Noble fir - Shasta red fir 59 60 69 20 34 48 

Oregon white oak 52 100 16 60 14 48 

Ponderosa pine 72 0 40 40 79 46 

Pacific madrone 61 40 0 100 28 46 

Tanoak 55 60 28 40 45 46 

California black oak 77 80 15 40 12 45 

Western hemlock 69 20 68 40 13 42 

Lodgepole pine 47 20 52 40 50 42 

Canyon live oak 73 60 15 40 11 40 

Jeffrey pine 58 60 19 40 18 39 

Bigleaf maple 70 20 30 60 14 39 

Sugar pine 69 0 52 20 53 39 

Knobcone pine 84 0 20 40 47 38 

Western white pine 65 0 63 0 53 36 

Douglas-fir 0 20 36 60 65 36 

Western redcedar 81 40 50 0 3 35 

Incense-cedar 63 40 22 40 0 33 

Red alder 60 0 44 40 20 33 

1 Calculated by averaging the scores from the five risk factors, each with a range of 0 to 100. Higher scores indicate greater vulnerability. 
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for the majority of the tree species were 
comparatively uniform. The range in scores 
for 19 of the 25 species was only 16 points 
(scores from 33 to 49). 

• The three most vulnerable species were 
Engelmann spruce, subalpine fir, and 
whitebark pine. These three species generally 
had high vulnerability scores across all risk 
factors except for insects and diseases; their 
scores in this risk factor were 37 or lower. 

• For most tree species, scores were quite 
variable across the five risk factors. Pacific 
madrone exhibited the greatest range, with 
factor scores ranging from 0 to 100. 

• There was a general positive trend between 
mean elevation (assessed using FIA plots) and 
overall vulnerability score (fig. A6-5). With 
the exception of Port-Orford-cedar, all of the 
species below approximately 3,500 ft 
elevation had vulnerability scores of 50 of 
lower. The three species with the highest 
vulnerability scores had mean elevations 
above 4,500 ft. 

• Among species present in lower elevation 
forests, those with the highest vulnerability 
scores were Port-Orford-cedar and the grand 
fir-white fir complex. 

• The important commercial species varied 
widely in overall vulnerability score. 

Results Based on Three Risk Factors 

After scoring species based on five equally weighted 
risk factors, we posed the following question: what if 
high vulnerability scores in fewer than five risk factors 
were sufficient to make a species highly vulnerable to 
climate change? To answer this, we recalculated the 
overall vulnerability scores using only the three risk 
factors with the highest scores for each species. Thus, 
for Engelmann spruce, with factor scores of 100, 60, 
79, 100, and 18, the overall score was recalculated as 
the average of 100, 79, and 100. This new calculation 
was based on the assumption that three areas of high 

vulnerability would be sufficient to raise a species’ 
overall vulnerability to climate change. This differs 
from our five-factor calculation, which was designed 
to be as comprehensive as possible, under the 
assumption that we couldn’t confidently predict which 
specific risk factors will be most important in the 
future. The results of our three-factor calculations are 
shown in table A6-12. We noted that: 

• The four highest-ranked species remained the 
same under the three-factor and five-factor 
analyses. Similarly, the two lowest-ranked 
species remained the same under both 
analyses. 

• After applying the three-factor analysis, the 
species with the greatest upward shift in 
ranking (relative to the five-factor ranking) 
was western white pine, which moved up eight 
positions. This was the result of dropping two 
factor scores for which western white pine had 
values of 0 (reproductive capacity and 
adaptive genetic variation). Therefore, our 
assessment indicates higher vulnerability for 
western white pine if we assume that three 
areas of vulnerability, rather than five, are 
sufficient to put a species at risk under 
anticipated changes in climate. 

• Considering that most of the species scores 
fell within a relatively narrow range, species 
rankings did not change substantially when the 
three-factor analysis was applied instead of the 
five-factor analysis.  

Forest Series 

Management of forest tree species can, in some cases, 
likely be carried out more efficiently if applied at a 
scale broader than at the level of individual tree 
species. As an example of this approach, we used 
forest series (also known as climax tree series or plant 
association series) in an effort to determine which 
forest types were at highest risk of climate change 
impacts based on their tree species composition. Forest 
series is classified according to the dominant overstory 
tree species present when a stand succeeds to a climax  
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Table A6-12. Overall climate change vulnerability rankings and scores for major southwestern Oregon tree 
species, rankings and scores calculated with only the three highest-scoring risk factors, and the change in 
rank and score associated with the three-factor results1 

 Species rankings based on overall score  Overall vulnerability score 

Species 
Using all 5 

factors 
Using 3 

highest factors 
Change in 

rank 

 
Using all 
5 factors 

Using 3 
highest factors 

Increase in 
score using 

3 factors 
Subalpine fir 2 1 +1  69 94 24 

Engelmann spruce 1 2 -1  72 93 22 

Whitebark pine 3 3 0  67 80 12 

Pacific silver fir 4 4 0  56 78 22 

Oregon white oak 9 5 +4  48 71 22 

Mountain hemlock 7 6 +1  49 68 19 

Pacific madrone 11 7 +4  46 67 21 

California black oak 13 8 +5  45 66 21 

Grand fir - white fir 6 9 -3  55 66 10 

Port-Orford-cedar 5 10 -5  56 66 10 

Ponderosa pine 10 11 -1  46 64 17 

Noble fir - Shasta red fir 8 12 -4  48 63 14 

Western white pine 21 13 +8  36 60 24 

Western hemlock 14 14 0  42 59 17 

Sugar pine 19 15 +4  39 58 19 

Canyon live oak 16 16 0  40 58 18 

Knobcone pine 20 17 +3  38 57 19 

Western redcedar 23 18 +5  35 57 22 

Douglas-fir 22 19 +3  36 54 17 

Bigleaf maple 18 20 -2  39 53 14 

Tanoak 12 21 -9  46 53 8 

Jeffrey pine 17 22 -5  39 53 13 

Lodgepole pine 15 23 -8  42 50 8 

Red alder 25 24 +1  33 48 15 

Incense-cedar 24 25 -1  33 48 15 
1 Higher scores indicate greater vulnerability; a ranking of 1 = most vulnerable and a ranking of 25 = least vulnerable. 
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condition; a series includes all the different vegetation 
types that eventually succeed to this common climax 
condition. To classify tree species by forest series, we 
used the guide to plant associations that covers the 
national forests within the study area (Atzet et al. 
1996). For each forest series, we list the major seral 
and climax canopy tree species, ranked by our overall 
climate change vulnerability scores (table A6-13). 

The forests of southwestern Oregon are more complex 
in composition than those of most other parts of the 
Pacific Northwest (Franklin and Dyrness 1973). 
Interactions among climate, topography, historical fire 
regime, and soils result in a wide range of forest types. 
Additionally, southwestern Oregon contains a number 
of tree species that are near the northern extent of their 
ranges; these species not common elsewhere in 
Oregon and Washington. Within the study area, at 
least 15 climax tree series have been defined (Atzet et 
al. 1996). Many of these series contain relatively large 
numbers of seral and climax canopy tree species, often 
representing a wide range in vulnerability scores (table 
A6-13). Because of this diversity in both tree species 
and vulnerability scores, the individual forest series in 
southwestern Oregon could not readily be classified as 
high-vulnerability or low-vulnerability based on the 
data in table A6-13. It is possible that classification at 
a finer scale, such as individual plant association 
groups, could be more effective in determining which 
vegetation communities contain tree species that are 
most vulnerable to climate change. 

Conclusions of the Group 1 
Assessment 

The group 1 vulnerability assessment was designed to 
determine the relative climate change vulnerability of 
the major forest tree species in southwestern Oregon. 
This information is important for prioritizing 
management activities and focusing limited resources 
on the most vulnerable species. However, the results 
should not be interpreted too narrowly. For example, a 
species with an overall vulnerability score of 48 may 
not, for practical purposes, be more vulnerable to 

climate change than a species with an overall score of 
45; there is no statistical significance associated with 
these scores. Emphasis should instead be placed on 
general patterns in species rankings, large differences 
in scores, and most-importantly, the underlying 
reasons for vulnerability (e.g., changing habitats at 
high elevations or disease threats that could be 
exacerbated by climate change). In taking this broader 
view, the information that was compiled and organized 
to conduct the analysis (e.g., tables A6-5 through A6-
7, A6-9, and A6-10; appendices 7 and 8) may be as 
important as the scores themselves. Centralizing this 
information provided a framework for evaluating and 
comparing the importance of a wide variety of life 
history traits, threats, and other characteristics across 
many tree species. 

There was a general positive correlation between high 
mean elevation and high overall vulnerability (fig. A6-
5); six of the eight species with mean elevations 
greater than 4,500 ft were ranked among the top eight 
in overall vulnerability (table A6-11). The highest 
ranked species that were not high-elevation species 
were Port-Orford-cedar and the grand fir-white fir 
complex. Our results showing high vulnerability of 
high-elevation tree species supports the potential 
climate change effects summarized in a recent 
publication on federally managed Pacific Northwest 
forests under a changing climate (Spies et al. 2010). In 
our analysis, the high overall vulnerability scores that 
these species received were a result of many different 
factors. Among the high-elevation tree species, the 
highest-scoring risk factors were distribution and 
habitat affinity; the adaptive genetic variation and 
reproductive capacity risk factors also were relatively 
high, but less consistently so. Specific areas of 
vulnerability common to these high-elevation tree 
species were: limited distribution in the study area, 
low drought tolerance, high minimum seed-bearing 
age, low seed dispersal distance, and low drought 
tolerance. Actions to mitigate potential effects of a 
changing climate on these high-elevation species must 
consider the multiple vulnerabilities of each tree 
species and may use these risk factors and variables as 
a starting point. Specific action items for the national  
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forests of southwestern Oregon are outlined in the 
Recommendations section of this report. 

Planting of high-elevation tree species may become 
increasingly important in the future. Models of future 
high-elevation forest types project significant shifts in 
suitable habitat during the 21st century (e.g., Coops 

and Waring 2011, Monserud et al. 2008). On the 
national forests of southwestern Oregon, the species 
most often planted in recent years were sugar pine, 
Douglas-fir, and ponderosa pine. If shifts in forest 
habitat at higher elevations result in widespread tree 
mortality, seedling production and planting of high-

Table A6-13. Major canopy tree species in each climax tree series described for southwestern Oregon 
(including the Umpqua and Rogue River-Siskiyou National Forests), ranked by climate change 
vulnerability score1 

Species 

Overall 
vulner-
ability 
score  

Climax tree series 
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Engelmann spruce 72             X   

Subalpine fir 69               X 

Whitebark pine 67               X 

Pacific silver fir 56      X    X   X  X 

Port-Orford-cedar 56    X  X  X X X      

Grand fir - white fir 55 X   X X X    X  X X X  

Mountain hemlock 49          X X X X  X 

Noble fir - Shasta 
red fir 

48          X X X X X X 

Oregon white oak 48  X X             

Ponderosa pine 46   X X X     X      

Pacific madrone 46    X X           

Tanoak 
 

46    X X X   X X    X  

California black oak 45   X  X           

Western hemlock 42    X X X X X X X X  X   

Lodgepole pine 42          X X X   X 

Canyon live oak 40    X X           

Jeffrey pine 
 

39    X X    X     X  

Bigleaf maple 39    X  X          

Sugar pine 39    X X X    X      

Knobcone pine 
 

38    X     X     X  

Western white pine 36    X X      X X X X X 

Douglas-fir 36 X X X X X X X X X X X X X X X 

Western redcedar 35      X X         

Incense-cedar 33   X X X    X X    X  

Red alder 33 X     X          
1 Climax tree series described by Atzet et al. (1996). Higher vulnerability scores indicate greater vulnerability. 
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elevation tree species 
may become an 
important management 
option. Such activities 
will require an 
assessment of seed 
availability and creation 
of an appropriate seed 
bank for highly 
vulnerable tree species.  

Thinning and 
prescribed burning of 
forest stands will 
continue to be 
increasingly important 
management tools in 
preparing for the 
potential effects of 
climate change, 
specifically 
vulnerabilities to 
uncharacteristic 
wildfire and insect 
outbreaks. For example, 
thinning, either 
mechanically or through prescribed fire, was one of 
the primary tools identified by managers to promote 
forest stand vigor and resiliency to climate change in 
eastern Washington (Gaines et al. 2010). On one 
mixed-evergreen forest site, tree mortality following 
the Biscuit Fire was substantially reduced where prior 
treatments had removed both ladder fuels (via 
thinning) and surface fuels (through underburning); 
thinning without underburning increased tree mortality 
on that site because it increased the amount of surface 
fuels (Raymond and Peterson 2005). 

The specific changes in forest canopy composition that 
could result from climate change are complex and 
beyond the scope of this analysis. In some cases, the 
proportion of the forest canopy occupied by a tree 
species with an existing vulnerability, such as a major 
disease threat, is likely to decline, allowing other tree 
species, or perhaps regeneration of the same species, 

to take its place. But in many forest types, it is not yet 
clear which climate-related impacts will have the 
greatest effects and at what point these impacts will 
affect each species. Furthermore, it is difficult to 
predict the dynamics of forest canopy change under a 
future climatic regime that is still uncertain. Owing to 
these multiple levels of uncertainty, management 
decisions made at this time should be designed to 
maintain forest resiliency and biodiversity under a 
wide range of future conditions. 

Disturbance associated with climate change, including 
major droughts, insects and diseases, and wildfire, 
may have an increasing influence on many tree species 
in the future. In this vulnerability analysis we chose to 
use only risk factors based on attributes and threats 
that were already documented, as opposed to predicted 
future conditions, which would introduce an added 
level of uncertainty. Thus, we included drought 
tolerance and documented insect and disease threats in 

 
Figure A6-5. Relationship between overall climate change vulnerability score and 

mean elevation of FIA plots on which each of the group 1 tree species of 
southwestern Oregon occurs 
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our risk factors but did not include predictions of 
future wildfire frequency. Similarly, we chose not to 
include future habitat shifts predicted by climate 
envelope models (Aubry et al. 2011). Quantification of 
future wildfire risk for a vulnerability assessment such 
as this would require:  

• Assumptions regarding the frequency and 
intensity of wildfire (and the extent of wildfire 
suppression) across the range of habitats that 
each tree species is predicted to occupy at a 
given point in the future.  

• For each tree species, assumptions of whether 
its existing ecological adaptations to fire 
would be sufficient under a predicted future 
fire regime. 

Although we did not include wildfire risk in our 
quantitative analysis, we reviewed the adaptations of 
individual tree species to wildfire during the course of 
this project. This information is summarized in tables 
A6-14 and A6-15. 

The potential impact of climate change presented here 
is just one of a number of considerations when 
planning the restoration and conservation of a 
particular tree species. For example, a look beyond the 
vulnerability rankings is necessary in the case of 
western white pine. Although the insects and diseases 
risk factor score for this species was moderate (53), 
mortality has been very high due to the introduced 
pathogen Cronartium ribicola, which causes white 

pine blister rust (Kinloch 2003). The decreased vigor 
caused by this disease could also significantly increase 
this tree species’ overall susceptibility to other climate 
change effects. The Forest Service continues to screen 
western white pine trees to find rust-resistant families 
and to develop and maintain orchards for the 
production of rust-resistant seed (Sniezko 2006). This 
work is critical for the restoration of western white 
pine across the landscape. Similarly, Port-Orford-cedar 
received a score of only 34 for the insects and diseases 
risk factor. This does not imply that this species has no 
significant insect or disease vulnerabilities; rather, it 
can be explained by the fact that the tree species 
ranked higher than Port-Orford-cedar typically had a 
greater number of moderate to severe insect or disease 
threats. Conversely, Port-Orford-cedar has one major 
threat: Phytophthora lateralis, which has infested at 
least 9 percent of all stands (Betlejewski et al. 2003). 
A breeding program was initiated by the U.S. Forest 
Service with a goal of ultimately producing seedlings 
with high disease-resistance using parent trees with 
high natural levels of resistance. Thus, for western 
white pine and Port-Orford-cedar, a relatively low risk 
factor score does not indicate a lack of threats—threats 
that would be significant even in the absence of 
climate change—or the degree to which conservation 
and restoration is needed. These are examples of non-
climate-related considerations that must be integrated 
with potential climate change vulnerabilities when 
planning future management of these species.  
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Table A6-14. Influence of fire on group 1 tree species of southwestern Oregon1 

Species 
Fire resistance of  

mature trees 

Fire regime in typical habitat 

Frequency2 Intensity 
Bigleaf maple Low, but sprouts vigorously Variable; depends on site Variable 

California black oak High resistance to surface fire Historical MFRI 15-150 yr 
depending on site 

Historically, intensities were 
low 

Canyon live oak Low; sprouts vigorously  Historical MFRI 15-35 yr Historically, intensities were 
low 

Douglas-fir Moderate to high Frequency increases on drier 
sites 

Intensity increases with 
longer MFRI 

Engelmann spruce Very low Low; MFRI 150+ yr High 

Grand fir - white fir Moderate Variable, more frequent on drier 
sites 

Variable; increases with 
longer MFRI 

Incense-cedar Increases with age; large trees 
have moderate resistance 

Historically frequent; now 
variable, but more frequent 
on drier sites 

Variable 

Jeffrey pine High resistance to surface fires Historically MFRI 7-25 yr, 
longer in recent decades 

Variable; usually low to 
moderate severity 

Knobcone pine Low, but requires stand-
replacing fire to regenerate 

Depends on accumulation of 
fuels which is relatively slow 

Adapted to regenerating 
after high-intensity fire 

Mountain hemlock Low Low; MFRI 400-800 yr High 

Noble fir - Shasta red 
fir 

Low to moderate Moderate; average MFRI      
40-60 yr 

Moderate 

Oregon white oak High resistance to surface fire Historical MFRI estimated to be 
5-30 yr 

Historically, intensities were 
low 

Pacific madrone Low; sprouts readily from burl 
after top-kill 

Historically frequent; now 
variable, but more  frequent 
on drier sites 

Variable; historically low to 
moderate 

Pacific silver fir Very low Low; MFRI <200 yr High 

Ponderosa pine High High prior to settlement, MFRI 
<30 yr; now less frequent 

Increases with longer MFRI 

Port-Orford-cedar High, owing to thick bark; 
moderate at pole-size 

Variable but MFRI averages 
approximately 20 yr 

Variable; depends on fuel 
accumulation 

Red alder Resistant to low-intensity fire Infrequent on moist sites where 
it usually occurs 

Variable 

Lodgepole pine Moderate; survives low-
severity fire 

Variable; MFRI often 25-75+ yr Variable 

Subalpine fir Very low Low; MFRI >100 yr Usually high 

Sugar pine Moderate to high; mature trees 
survive most fires 

Historically frequent; now 
variable, but more frequent 
on drier sites 

Variable 

Tanoak Moderate; burls survive fire 
and sprout afterward 

MFRI 20-150 yr, depending on 
location 

Variable 

Western hemlock Low Low High 

Western redcedar Low; moderate for large trees Low; MFRI 50-350 yr High 

Western white pine Moderate; regenerates well 
after severe fire 

Variable Variable 

Whitebark pine Moderate; survives low-
severity fire 

Variable; MFRI 30-350+ Variable 

1 Data from Fischer et al. (1996) and Agee (1993). 
2 MFRI = mean fire-return interval. 
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Table A6-15. Influence of fire on group 2 and 3 tree species of southwestern Oregon1 

Group / species 
Fire resistance of mature 

trees 
Fire in typical habitat 

Frequency2 Intensity 
Group 2    

Bitter cherry Low, but sprouts readily after 
top-kill 

Variable; occurs in a wide variety 
of forest types 

Variable 

Black cottonwood Low, but sprouts vigorously Variable, depends on forest type Variable, depends on site 
and forest type 

Cascara  Low, but sprouts readily after 
top-kill 

Variable, depending on forest 
type; MFRI 30-320 yr 

Variable 

Golden chinquapin Low to moderate for thick-
barked mature trees; 
sprouts readily after top-kill 

Variable, depending on forest 
type 

Variable 

Oregon ash Unknown; sprouts readily after 
top-kill 

Probably infrequent on moist sites 
where it usually occurs 

Unknown 

Oregon myrtle Low; sprouts vigorously Variable, depends on forest type Variable 

Pacific dogwood Unknown; sprouts readily after 
fire 

Variable Variable 

Pacific willow Unknown, but likely sprouts 
after fire 

Probably infrequent on moist sites 
where it usually occurs 

Unknown 

Pacific yew Very low Abundance is positively related to 
time since last fire 

Often high, because 
MFRI are long 

Quaking aspen Low to moderate; regenerates 
rapidly after fire 

Variable; frequency greatly 
reduced post-settlement  

Variable; low-intensity to 
stand-replacing 

Rocky Mountain maple Low, but sprouts vigorously Variable; occurs in a wide variety 
of forest types 

Variable; occurs in a wide 
variety of forest types 

Scouler’s willow Low, but sprouts vigorously 
after top-kill 

Variable, depending on forest 
type 

Variable 

White alder Low Probably infrequent on moist sites 
where it usually occurs 

Unknown 

Group 3    

Alaska yellow-cedar Low Low; MFRI 150-350+ yr High 

Baker cypress Low, but dependent on severe 
fire to regenerate 

Unknown Unknown; probably high 

Brewer spruce Low Probably low Unknown 

Coast redwood Very high Historical MFRI 17-82 yr Variable 

Sitka spruce Very low Low; MFRI 150-350+ yr High 

1 Data from Fischer et al. (1996) and Agee (1993). 
2 MFRI = mean fire-return interval. 
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VULNERABILITY OF GROUP 2 
TREE SPECIES 
Group 2 includes 13 tree species that are not 
significant components of the forest canopy, owing to 
small size or because they typically occur as scattered 
individuals or components of the mid-story rather than 
the forest overstory. Because many of the group 2 tree 
species have not been studied as thoroughly as the 
group 1 species, available information was often 
insufficient to perform a quantitative vulnerability 
assessment as we did with the group 1 species. Here, 
we review habitat and reproductive aspects of group 2 
tree species that may influence their vulnerability to 
changes in climate. 

Shade and Drought Tolerance 

The tree species of group 2 vary widely in habitat 
requirements and habitat specificity. In table A6-16, 
the group 2 species are organized according to drought 
and shade tolerances. Among these tree species, the 
seven species of low shade tolerance are likely to 
establish as early successional species after 
disturbance (e.g., floods, fire, harvest) or on very wet 
or very dry sites where few other trees occur. Pacific 
willow, black cottonwood, and Oregon ash, in 
particular, are tolerant of periodic flooding; golden 
chinquapin is capable of 
establishment on very dry 
sites.  

The four group 2 species of 
medium shade tolerance may 
occur in locations partially 
shaded by the forest canopy, 
although their growth and 
reproductive rates are 
generally better under full 
sunlight. These species may 
establish at forest edges, 
following disturbance, or in 
canopy gaps. 

Within the group 2 species, only Pacific yew and 
Oregon myrtle are classified as shade-tolerant. Pacific 
yew, the most shade-tolerant species of group 2, 
occurs on a wide range of sites, in full sunlight or in 
the shade of a conifer overstory. The species is unique 
among conifers in the region, in that it is well-adapted 
to growing and reproducing under full shade. In 
northern California, Pacific yew was found to become 
increasingly common in older conifer stands, where 
stand-replacing fires were rare (Scher and Jimerson 
1989). 

Reproduction 

Although detailed information on attributes such as 
seed dispersal distance and level of seed production is 
unavailable for many of the group 2 species, we were 
able to divide the species into four groups based on 
seed type and dispersal mechanism (table A6-17). 
Both willow (Salix) and both Populus species 
(trembling aspen and black cottonwood) produce 
substantial numbers of very small, light seeds bearing 
fine hairs; these seeds are capable of traveling long 
distances via wind or water. White alder produces 
small, winged seeds that usually fall within several 
hundred yards of the parent tree. Douglas maple and 
Oregon ash produce relatively large, winged seeds that 
are primarily dispersed by wind. Dispersal distance of 
these seeds is apparently limited unless they are 

Table A6-16. Shade tolerance and drought tolerance of group 2 tree species 

Drought 
tolerance 

Shade tolerance 

Low Medium High 
Low White alder 

Quaking aspen 

Black cottonwood 

Pacific willow 

  

Medium Scouler’s willow 

Oregon ash 

Cascara 

Douglas maple 

Bitter cherry 

Pacific dogwood 

Pacific yew 

 

High Golden chinquapin  Oregon myrtle 
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carried by strong winds or transported by animals. The 
fourth species group is defined by the fact that its seed 
is dispersed primarily by animals. Seeds of these six 
species often are cached or dropped within several 
hundred yards of the parent tree, but there is potential 
for the seed to be transported greater distances. Of the 
group 2 species, approximately half are insect-
pollinated.  

All group 2 tree species are capable of reproducing 
both vegetatively and sexually. In many types of 
vegetative reproduction, a developed root system 
already exists, potentially facilitating rapid growth in 
the initial months and years following a disturbance. 
Forms of vegetative reproduction among various 
group 2 species include stump sprouts, root collar (i.e., 
the base of the stem) sprouts, root sprouts, and 
layering (i.e., sprouting of branches that have sagged 
and contacted the soil) (appendix 8). However, 
vegetative reproduction originating from stump or root 

sprouts or layering does not provide the potential for 
propagule dispersal, as does sexual reproduction. This 
substantially limits colonization of new habitat created 
by stand-replacing disturbance. Additionally, 
vegetative reproduction is clonal and thus does not 
create the variety of genotypes that are produced by 
sexual reproduction. For this reason, vegetative 
reproduction does not facilitate genetic adaptation to a 
changing environment. 

Implications for Climate Change 

Most of the group 2 tree species occur on sites with 
extreme moisture regimes (i.e., flooding or drought) or 
as understory components of multiple forest types. 
Given conditions of increased summer moisture 
deficit, the drought-tolerant group 2 species may 
become more competitive on some sites (assuming 
other growing conditions are also favorable); however, 

it is possible that these 
species may also lose 
suitable habitat on sites 
that are already marginal 
owing to lack of 
moisture. The group 2 
species that often 
colonize disturbed sites 
near streams and rivers 
(willows, white alder, 
black cottonwood) may 
have increased 
opportunities for 
establishment under 
projected climate 
scenarios in which 
seasonal snowmelt and 
precipitation patterns 
increase major flood 
events, which would 
potentially create habitat. 

Tree species dependent 
on animal interactions to 
facilitate reproduction 

Table A6-17. Reproductive characteristics of group 2 tree species  

Species 
Pollination 

vector 
Seed type and 

dispersal 

Primary seed 
dissemination 

vector 
Scouler’s willow Insect Abundant, very 

small seeds; may be 
dispersed miles  

Wind and water 

Pacific willow Insect 

Black cottonwood Wind 

Quaking aspen Wind 

White alder  Wind Small, winged 
seeds; typically 
dispersed several 
hundred yards 

Wind 

Douglas maple Insect, wind Large, heavy seeds; 
probably limited 
wind dispersal 
distance  

Wind; animal 
vectors of lesser 
importance Oregon ash Wind 

Bitter cherry 
 

Insect Seed type varies; 
may occasionally be 
dispersed miles 
(km) depending on 
vector 

Birds and small 
mammals 

Cascara 
 

Insect 

Pacific yew 
 

Wind 

Golden chinquapin Wind, insect 

Pacific dogwood Insect 

Oregon myrtle Insect 
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(pollination or seed dispersal) are vulnerable to climate 
change because any change in the animal’s behavior or 
distribution could affect the tree species’ reproduction. 
The example of whitebark pine, and its dependence on 
a single bird species, Clark’s nutcracker, for primary 
seed dispersal, is noted in our discussion of group 1 
tree species (Lorenz and Sullivan 2009). Although 
many group 2 species are insect-pollinated or produce 
seed that is dispersed by animals, vulnerability to 
climate change is likely to differ among these tree 
species based on their number of animal associates and 
the specificity of the relationships. Most insect-
pollinated plant species have multiple pollinator 
species, sometimes 30 or more (Kearns et al. 1998, 
Waser et al. 1996). Similarly, most plants producing 
animal-dispersed seed have multiple species providing 
dispersal vectors (Herrera 1985). While it is likely that 
pollination- and seed dispersal-related vulnerabilities 
to climate change are lower for tree species associated 
with a large number of species of pollinators or seed 
dispersers, these associations are not well-documented 
for most of the group 2 tree species. Therefore, if 
reproductive limitations emerge for any group 2 
species based on pollen or seed vectors, these changes 
should be investigated to determine causes and 
potential mitigation measures. 

VULNERABILITY OF GROUP 3 
TREE SPECIES 
Group 3 consists of five tree species determined to be 
rare within the southwestern Oregon study area: Baker 
cypress, Alaska yellow-cedar, Brewer spruce, Sitka 
spruce, and coast redwood. Possible vulnerabilities to 
climate change are discussed below and summarized 
in table A6-18. 

Baker Cypress 

Baker cypress is limited to a dozen small, scattered 
populations in southwestern Oregon and northern 
California, usually between 3,800 to 7,000 ft (1,150 to 
2,130 m) elevation, and mostly on National Forest 

System lands. Baker cypress is listed as a special 
status species (sensitive in Oregon) and also is a 
special target element in Forest Service Region 5 
(USDA/USDI 2011). In the state of Oregon, Baker 
cypress is listed as critically imperiled (status S1) by 
NatureServe; it is listed as vulnerable (S3) in 
California (NatureServe 2010b). It is not federally 
listed as threatened or endangered. 

Baker cypress is a fire-dependent pioneer species; 
serotinous cones will not open to release seed unless 
they are exposed to heat from a relatively intense fire 
(Merriam 2011). However, the species also has low 
tolerance to fire; thus, mature trees may be killed by 
the same fire that opens cones to release seed. Because 
these fires are stand-replacing, it is important that the 
Baker cypress trees reach seed-bearing age before the 
fire occurs. Good regeneration potential is reached by 
this species between 30 and 50 years of age (Merriam 
2011). As a highly shade-intolerant species, Baker 
cypress relies on fire not only to regenerate, but also to 
remove competition from other tree species that 
compete for sunlight. Fire suppression in Baker 
cypress stands for the better part of a century has 
substantially diminished the vigor of the remaining 
trees. 

Although many researchers have projected increases in 
future wildfire activity based on climate change 
projections, the future of fire (wildfire or prescribed 
burning) in Baker cypress stands will be largely 
dependent on the actions that the Forest Service takes 
to manage fire in these stands. A recent study on fire 
and Baker cypress, led by Forest Service personnel, 
has provided groundbreaking information that will 
provide a basis for these important management 
decisions (Merriam 2011). Some of the 
recommendations from that study include high-
intensity prescribed fire in stands of mature trees and 
thinning to reduce competition which, in turn, 
increases seed production. 
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Alaska Yellow-Cedar 

The study area includes disjunct populations of Alaska 
yellow-cedar, close to the southern edge of its 
distribution which is the Siskiyou Mountains of 
extreme northern California (Antos and Zobel 1986). 
Habitat of the southernmost populations, including 
those in the Siskiyous and Southern Cascades, is 
typically very rocky, relatively steep, north-facing 
slopes at elevations of 4,500 to 6,900 ft (1,370 to 
2,100 m) (Antos and Zobel 1986). The snowpack on 
these sites lasts well into the growing season. The trees 
in these populations are shrubby, and stands are of low 
density owing to the fact that they occur on harsh sites 
that are marginal for tree growth. It has been suggested 
that scattered stands in the Southern Cascades and 
Siskiyous are relicts of time period between 4,000 and 

8,000 years ago when conditions were wetter in the 
region (Frenkel 1974). 

There are at least two ways that a warmer climate 
could negatively affect the scattered populations of 
Alaska yellow-cedar. First, although the species’ 
stomatal control is relatively effective in limiting water 
loss (Hickman 1970), warmer summertime conditions 
could lead to earlier snowmelt and a longer dry period, 
potentially further reducing suitable habitat in this 
area. Second, populations at lower elevations, where 
the distribution of Alaska yellow-cedar is primarily 
competition-limited, could face increased competition 
from associated tree species if those species had 
increased growth, as has been predicted by some 
models (Coops and Waring 2001). Alaska yellow-
cedar decline, though apparently climate-related, has 

Table A6-18. Summary of potential climate change vulnerabilities of group 3 species 

Species 
Potential vulnerabilities to projected  

changes in climate Other notes 
Baker cypress Climate-related changes in wildfire frequency and 

decisions regarding fire suppression could affect the 
survival and reproduction of populations 

Heavily dependent on fire regime; 
management of wildfire and application of 
prescribed fire are of key importance 
regardless of climate change 

Alaska yellow-cedar Populations in southwestern Oregon occur near the 
extreme southern edge of the species’ distribution. 
Populations occur on harsh, high-elevation sites 
where moisture is sufficient. A warming climate 
could affect moisture availability (including 
snowpack) and could affect the level of competition 
from other tree species 

Populations in southwestern Oregon are 
apparently relicts from a period when 
suitable sites were more widespread in the 
region 

Brewer spruce Warmer, drier air during the growing season may 
result in reduced photosynthesis and growth. 
Because this species is tolerant of a deep 
snowpack, a reduction in snowpack could negatively 
affect its competitiveness relative to other tree 
species 

Populations in southwestern Oregon are 
apparently relicts from a period when 
suitable sites were more widespread in the 
region 

Sitka spruce Vulnerability is likely low relative to most other 
regional tree species because Sitka spruce only 
occupies coastal habitat where climate change 
effects are projected to be of lower magnitude than 
inland and at higher elevations 

None 

Coast redwood As with Sitka spruce, vulnerability is likely low 
relative to most other regional tree species because 
coast redwood only occupies coastal habitat where 
climate change effects are projected to be of lower 
magnitude than inland and at higher elevations 

None 
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been reported only in the northern portion of the 
species’ distribution and only at lower elevations 
(Hennon et al. 2008, Wooton 2010); therefore, it is not 
a threat to southwestern Oregon populations at this 
time. 

Brewer Spruce 

The distribution of Brewer spruce occupies a very 
small region in southwestern Oregon and northern 
California, occurring in widely scattered populations 
between 4,000 to 8,000 ft (1,200 to 2,400 m) 
elevation. Brewer spruce is restricted to cool, montane 
sites but is associated with a wide range of tree and 
understory plant species. Brewer spruce is listed as 
vulnerable (S3) in the state of Oregon (NatureServe 
2010b). The environmental tolerances of Brewer 
spruce were studied in detail by Waring et al. (1975); 
this information is useful in assessing how the species 
could respond to long-term changes in climate. Brewer 
spruce occupies habitat that is characterized by cool 
growing-season temperatures and infrequent fire. 
Although it is tolerant of low soil moisture, Brewer 
spruce is not tolerant of high evaporative demand (i.e., 
hot, dry air) because such conditions cause it to close 
its stomata, which halts photosynthesis (Waring et al. 
1975).  However, Brewer spruce is very tolerant of 
shade, heavy snowfall, and low soil fertility. 
Combined, these tolerances allow Brewer spruce to 
establish and compete well in cool, high-elevation 
habitats. It does not occur at lower elevations because 
its growth is relatively slow and it cannot compete 
with species such as western hemlock and Douglas-fir.  

Similar to Alaska yellow-cedar, warmer air 
temperatures and an extended growing season may 
favor growth rates of competitors in the lower-
elevation populations of Brewer spruce. Brewer spruce 
can tolerate short periods of hot, dry air, but stomata 
were observed to close after 2 hours of these 
conditions (Waring et al. 1975). If wildfire becomes 
more frequent in the future, then this too could impact 
existing populations of Brewer spruce, as the species 
has thin bark, low branches, and low resistance to fire 

injury. It is unclear what effects warmer air 
temperatures would have on growth of Brewer spruce 
trees at higher elevations. The species’ high tolerance 
of a deep snowpack will likely continue to favor it on 
sites where a heavy snowpack occurs, but a reduction 
in snowpack could diminish this competitive 
advantage on such sites. 

Sitka Spruce 

Sitka spruce occupies a narrow strip of land along the 
southwestern Oregon coast. Though not a rare species 
in Oregon, it occurs to a very limited extent within the 
study area and thus was not included in group 1. 
Because it occurs only along a coastal strip, where 
climate is heavily buffered by the ocean, changes in 
climate within the range of Sitka spruce are likely to 
be quite small compared to those occurring for most 
other species in the Pacific Northwest (Salathé et al. 
2008). For the coast, precipitation models show no 
change, or, in some cases, a slight increase in 
projected precipitation, whereas temperature models 
show a relatively small increase in projected air 
temperature during the 21st century (Salathé et al. 
2008).  

Coast Redwood 

Coast redwood occurs in a small coastal zone in the 
extreme southwestern corner of Oregon. As noted for 
Sitka spruce, changes in climate close to the coast are 
likely to be smaller in magnitude than those inland and 
at higher elevations (Salathé et al. 2008). For this 
reason, it is unclear at present whether future climate 
patterns will impact coast redwood in southwestern 
Oregon. A study estimating future fire frequency in the 
coast redwood zone of northern California found that 
under a scenario of doubling atmospheric 
concentration of CO2 (with associated changes in air 
temperature), the increase in fire frequency was 
negligible (Fried et al. 2004).  
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GENE CONSERVATION 
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INTRODUCTION 
Genetic diversity within and among populations is 
important for a number of reasons, and its 
conservation has become a priority for many species. 
Genetic diversity provides the raw material for 
adapting to changing environments; therefore, 
conservation of genetic diversity protects a 
population’s evolutionary potential, which may be 
especially important under climate change or 
increasing pressures from insects and diseases. Gene 
conservation refers to the tools used to protect and 
maintain genetic diversity. Gene conservation can be 
ex situ, meaning that resources are maintained “off 
site” or outside of a species’ native range (e.g., seed 

banks, seed orchards, off-site plantings); or in situ, 
meaning that resources are maintained “on site” or 
within the native range or source of the population 
(e.g., parks, preserves, and unmanaged lands). 

EX SITU GENETIC RESOURCES 

Seed Orchards 

Tree seed orchards in southwestern Oregon provide an 
excellent resource for ex situ gene conservation for a 
limited number of species. This resource is shown by 
orchard and species for the national forests in tables 
A6-19 and A6-20. 

Table A6-19. Ex situ genetic resources in seed orchards on the Rogue River-Siskiyou National Forest 

Orchard name Species Breeding zone Elevation (ft) 
Orchard area 

(ac) 
Families in 

orchard (no.) 
Bean Gulch Sugar pine 10025 > 4,000 5.1 86 

 Douglas-fir 10035 4,500-5,500 9.0 200 

Jim Creek Western white pine 15040 All 8.9 300 

Junction/Provolt Sugar pine 10045 > 4,000 0.4 67 

Needle Douglas-fir 10013 2,500-3,500 4.5 50 

Thompson Creek Douglas-fir 10033 2,500-3,500 13.4 48 

Woodpecker 
Springs 

Douglas-fir 10034 3,500-4,500 12.4 129 

Zim/Provolt  Sugar pine 10044 2,500-4,000 3.8 138 

Zim Douglas-fir 10024 3,500-4,500 11.9 48 

Baxter Douglas-fir 11032 1,500-2,500 13.0 162 

Copper Douglas-fir 11011 < 1,500 11.0 135 

Elk Douglas-fir 11053 2,500-3,500 17.6 210 

Horse Mtn. Sugar pine 11054 2,500-4,000 13.0 228 

Kearns Douglas-fir 11072 500-2,000 11.9 163 

Long Ridge Douglas-fir 11021 < 1,500 14.0 243 

McCurdy Douglas-fir 11052 1,500-2,500 15.0 204 

Pandora Douglas-fir 11051 < 1,500 12.0 210 

Solider Creek Sugar pine 11054 2,500-4,000 6.0 39 

 Douglas-fir 11063 2,500-3,500 13.0 239 

 Douglas-fir 11064 3,500-4,500 12.0 199 

Wayout Saddle Sugar pine 11053 < 2,500 12.2 114 

 Douglas-fir 11073 2,000-3,000 11.9 291 

Wild Moore Douglas-fir 11033 2,500-3,500 14.0 200 

TOTAL    246.0 3,703 
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Seed Storage 

Seed storage for the national forests in southwestern 
Oregon is maintained at two facilities. Bulked 
reforestation seed lots, which include seed from 
multiple parent trees, are stored at the J. Herbert Stone 
Nursery in Medford, Oregon. Of the Group 1 species 
(table A6-2), bulk seedlots are available for all species 
with the following exceptions: 

• The Rogue River-Siskiyou National Forest 
lacks subalpine fir, Pacific madrone, tanoak, 
whitebark pine, canyon live oak, Oregon white 
oak, and California black oak.  

• The Umpqua National Forest lacks subalpine 
fir, whitebark pine, lodgepole pine, canyon 
live oak, and California black oak. Tanoak is 
very rare on this forest and Port-Orford-cedar 
is not present. 

Across all species on all forests, more than 4,700 lbs 
(2,140 kg) of seed are currently in storage. However, 
much of this seed is more than 10-15 years of age and 
of questionable viability. The seed should be tested 
and unusable seed removed from the inventory. 

Select tree seedlots, which are seed from a single, 
source-identified tree usually with some desirable 
qualities, are maintained at the Dorena Genetic 

Resources Center in Cottage Grove, Oregon (table A6-
21). As with the bulk seedlots, many of these select 
tree seedlots are old, and viability testing is needed to 
assess their condition. 

IN SITU GENETIC RESOURCES 
There are extensive areas of protected habitat in 
southwestern Oregon that serve as reserves of in situ 
genetic resources for these national forests. For 
example, almost 390,000 acres (157,700 ha) are set 
aside in congressionally designated wilderness areas. 
Other protected areas include research natural areas 
and late successional reserves administered by the U.S. 
Forest Service as well as in situ resources on lands 
under other ownership outside of the national forests.  

Table A6-20. Ex situ genetic resources in seed orchards on the Umpqua National Forest 

Orchard name Species Breeding zone Elevation (ft) 
Orchard area 

(ac) 
Families in 

orchard (no.) 
Buckeye Douglas-fir 15023 2,500-3,000 11.0 124 

Meridian Sugar pine 15043 < 2,500 11.7 134 

Rosebud Douglas-fir 15014 3,000-3,500 8.3 137 

 Douglas-fir 15015/6 3,500-4,500 4.5 122 

Spring Creek Douglas-fir 15012 2,000-2,500 10.5 130 

Timber Bench Douglas-fir 15013 2,500-3,000 11.6 173 

Wrens Douglas-fir 15024/5 3,000-4,000 11.0 123 

TOTAL    68.6 943 
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Table A6-21. Ex situ genetic resources in single-tree seedlots in 
storage at the Dorena Genetic Resources Center 

National forest Species Seed lots (no.) 
Rogue River-

Siskiyou 
 

White fir 224 

Shasta red fir 81 

Port-Orford-cedar 116 

 Incense-cedar 19 

 Brewer spruce 33 

 Whitebark pine 1 

 Sugar pine 2,298 

 Western white pine 531 

 Ponderosa pine 169 

 Douglas-fir 7,246 

Umpqua White fir 84 

 Grand fir 11 

 Shasta red fir 50 

 Whitebark pine 39 

 Sugar pine 619 

 Western white pine 436 

 Ponderosa pine 54 

 Douglas-fir 3,230 

TOTAL  15,241 
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RECOMMENDATIONS  
AND ACTION ITEMS 
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The recommendations and action items developed 
during the course of this project fall into three 
categories: 

1. Learn about and track changes in plant 
communities as the climate changes. Collect 
baseline data where needed. Monitor the 
impacts of a warming climate on the 
distribution and health of forest tree species. 
Look for triggers, such as an increase in the 
frequency of large-scale disturbance, that will 
indicate a need for a change in management 
approach. 

2. Maintain and increase biodiversity and 
increase resiliency. Focus on increasing stand 
diversity of native forest trees through 
thinning and planting. Increase disease 
resistance. Preserve genetic diversity, 
especially of isolated populations, and 

implement ex situ gene conservation where 
appropriate. 

3. Prepare for the future. Given uncertainty 
about how climate changes will unfold, a 
number of future scenarios are possible. Select 
activities that will work under a variety of 
scenarios including a potential increase in 
disturbances such as fires, wind storms, and 
floods, which could be followed by greater 
spread of invasive plant species. 

Based on the findings of our analysis, we created 
action items for the southwestern Oregon national 
forests (table A6-22). Recommendations and action 
items are focused on present conditions with the 
assumption that existing policy and law will continue 
to guide land managers over the next few years.  

Table A6-22. Action items for the Rogue River-Siskiyou and Umpqua National Forests based on the results of a 
climate change vulnerability assessment1 

No. Action 

 1. Learn about and track changes in plant communities as the climate changes 

1A CONTINUE AND EXPAND THE SURVEY AND MAPPING PROGRAM FOR WHITEBARK PINE, WITH PARTICIPATION BY ALL 

LAND MANAGEMENT AGENCIES WITH WHITEBARK PINE HABITAT IN OREGON. This can be done in cooperation with 
Crater Lake National Park and should include a refinement of the existing state-wide GIS layer of 
whitebark pine occurrences. Readily accessible data on whitebark pine’s present distribution are essential 
for monitoring and managing the species under climate change and pathogen threats. 

1B DEVELOP CONSERVATION AND MONITORING PLANS FOR BREWER SPRUCE, BAKER CYPRESS, AND ALASKA YELLOW-
CEDAR, WHICH ARE LIMITED TO SMALL OR DISJUNCT POPULATIONS IN SOUTHWESTERN OREGON. Plans should 
include surveys to verify location data, seed sampling for gene conservation, and needle collection for 
genetic studies. Genetic analysis can be done in partnership with the National Forest Genetics 
Laboratory. The northernmost extent of the endemic Brewer spruce is limited to the Rogue River-Siskiyou 
National Forest. Baker cypress also has a very limited range and has been documented in three areas on 
the forests of southwestern Oregon. One of the southernmost populations of Alaska yellow-cedar occurs 
on the Rogue River-Siskiyou National Forest and is separated from its main distribution in the Cascades. 
Conservation and monitoring plans for these three species should be created and implemented in 
partnership with land managers in northern California. Assessing genetic variation and population 
structure of Alaska yellow-cedar will determine if these populations are genetically distinct from 
populations within the contiguous part of the species’ distribution. Such information is important because 
disjunct populations may become refugia under predicted climate change scenarios or, conversely, might 
be more severely impacted because lack of gene flow would limit opportunities for immigration of more 
highly adapted genes from other populations. 
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Table A6-22, continued 

No. Action 

1C ESTABLISH PERMANENT PLOTS AT HIGH ELEVATIONS (5,000 TO 7,000 FT) ON THE DIAMOND LAKE RANGER DISTRICT 

OF THE UMPQUA NATIONAL FOREST NORTH AND NORTHWEST OF CRATER LAKE NATIONAL PARK TO MONITOR 

CHANGES IN TREE GROWTH, SURVIVAL, AND DISTRIBUTION. Six of the eight tree species that we determined 
were most at risk under a changing climate are found in this area (Engelmann spruce, subalpine fir, 
whitebark pine, Pacific silver fir, mountain hemlock, and the noble fir - Shasta red fir complex). All of these 
species also occur on the national park, and thus there is the opportunity to share resources and results. 

1D MONITOR VEGETATIVE AND REPRODUCTIVE PHENOLOGY IN SEED ORCHARDS. Timing of phenology is closely 
linked to climate, and collecting data on annual phenology and microclimate will allow us to determine 
how trees are responding to annual climate variation. A pilot program was established in 2011 in the 
Dennie Ahl Seed Orchard (Olympic National Forest) to develop protocols to monitor phenology of conifers 
in seed orchards in the Pacific Northwest in partnership with Dr. Constance Harrington of Pacific 
Northwest Research Station and the Washington State Department of Natural Resources.  

2. Maintain and enhance biodiversity and increase resiliency 

2A CONTINUE THE NATIONAL FORESTS’ THINNING PROGRAMS. These programs achieve: (1) promotion of greater 
biodiversity by increasing the proportion of less abundant conifer and hardwood tree species, (2) the 
development of understory vegetation, (3) enhancement of the habitat value provided by forest stands, 
and (4) increased stand resistance and resiliency to disturbance and environmental stressors. 

2B CONTINUE TO INCLUDE A VARIETY OF TREE SPECIES IN PLANTING PRESCRIPTIONS, WITH AN EMPHASIS ON UNDER-
REPRESENTED TREE SPECIES. 

2C EXPAND GENE CONSERVATION COLLECTIONS. Seed from rare species and disjunct populations should be 
collected for long-term ex situ gene conservation. These efforts are already under way for whitebark pine, 
but to date no collections have been made for other species. Collections should focus on Brewer spruce, 
Baker cypress, and Alaska yellow-cedar which are limited to small or disjunct populations in southwestern 
Oregon. Seed should be collected and sent to the USDA Agricultural Research Service National Center 
for Germplasm Preservation in Ft. Collins, CO. 

3. Prepare for the future 

3A PARTNER WITH OTHER LAND MANAGERS IN SOUTHWESTERN OREGON TO CREATE A VIRTUAL COOPERATIVE TREE 

SEED BANK. This would increase the likelihood that appropriate seed will be available for reforestation after 
large-scale disturbances such as fire or insect outbreaks. Landowners can maintain their own seed 
inventories, but enter in cooperative agreements to share seed in the event of a major disturbance. As a 
first step, Forest Service personnel should form a partnership with silviculturists, geneticists, and seed 
managers from Oregon Department of Forestry, Bureau of Land Management, and Crater Lake National 
Park to develop an approach for sharing information and seed. 

3B MAINTAIN AN INVENTORY OF HIGH-QUALITY SEED FOR TREE SPECIES THAT ARE LIKELY TO BE NEEDED OVER THE NEXT 

20 YEARS. Place a priority on species that can be planted after disturbance. Accomplish this through the 
following steps: 
• Assess the viability of seed stored at the Forest Service storage facility at JH Stone Nursery; 
• Retest viability as needed; 
• Discard non-viable seed; 
• Update Seed Procurement Plans to include new and replacement collections. 
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Table A6-22, continued 

No. Action 

3C MAINTAIN AREA SEED ORCHARDS, WHICH SERVE AS GENE CONSERVATION AREAS AND ARE THE NATIONAL FORESTS’ 
MOST EFFICIENT SOURCE OF HIGH QUALITY TREE SEED. 

3D ASSESS SEED VIABILITY OF INDIVIDUAL SELECTED TREE SEED LOTS IN STORAGE. The two national forests in 
southwestern Oregon have at least 15,241 single tree seedlots from selected trees in storage at the 
Dorena Genetic Resources Center. Many of these seedlots have been in storage for one or more 
decades and their viability is unknown. Viability testing is expensive and time-consuming so it is 
impractical to test every seed lot. Geneticists and silviculturists should jointly develop a prioritized list of 
seedlots for viability testing. Priority for testing should be based on several factors, including: (1) climate 
change vulnerability rank of the species, (2) initial (or subsequent) viability test results, (3) age of seed, 
and (4) amount of seed available. 

1Unless noted otherwise, action items apply to both national forests. 
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Table A6S1-1. Management areas on the Rogue River National Forest 

Management 
Area Management Area goal Acres 

Minimum 
management 

To maintain National Forest System lands in federal ownership, protect resources, 
and life, health and safety of incidental users. 

59,704 

Backcountry non-
motorized 

Provide semi-primitive non-motorized recreation opportunity with low numbers of 
users. 

12,801 

Developed 
recreation 

Provide quality outdoor recreation opportunities within a forest environment that is 
modified for visitor use, visitor satisfaction and accommodation of large numbers of 
visitors. 

5,352 

Special interest 
areas 

Manage and interpret special geological, botanical, zoological, cultural and scenic 
areas for educational, scientific and public enjoyment purposes. 

19,870 

Foreground 
retention 

Maintain and/or enhance scenery in foreground retention areas. 21,672 

Foreground 
partial retention 

Manage scenic resources to meet Partial Retention in the foreground. 5,790 

Middleground 
retention 

Maximize protection and enhancement of scenic resources in middleground 
Retention areas. 

536 

Middleground 
partial retention 

Manage scenic resources to meet partial retention in the middleground. 9,855 

Wild river Manage the area to protect wild river resource values. 1,953 

Scenic river Manage the area to protect scenic river resource values. 5,440 

Botanical area Protect and enhance exceptional botanical values. Encourage compatible 
scientific, educational and recreational use. 

5,864 

Wilderness Manage the area to protect wilderness resource values on the Rogue River 
National Forest and to maintain the natural conditions of each wilderness. 

92,793 

Big game winter 
range 

To provide forage and hiding/thermal cover for deer and elk during the winter 
season. 

67,695 

Old growth Provide old-growth tree stands for preservation of natural genetic pools, habitat for 
plants and wildlife species associated with overmature tree stands, including 
threatened and endangered species associated with old-growth habitat, and 
aesthetics. 

7,852 

Mature habitat Provide mature tree stands for preservation of natural habitat for plant and wildlife 
species associated with mature and overmature tree stands, including threatened 
and endangered species. 

2,973 

Primary range Provide sustainable levels of forage production for livestock use on primary range 
areas while moving toward or maintaining good range conditions. 

951 

Secondary range Provide optimum and sustainable levels of forage production for livestock use on 
secondary range areas while moving toward or maintaining good range conditions. 

325 

Spotted owl 
habitat 

Provide suitable habitat to insure continued existence of a well-distributed 
population of northern spotted owls throughout the forest. 

29,724 

Timber suitable 1 Manage the lands emphasizing the production of timber volumes. 192,621 

Timber suitable 2 Manage the lands emphasizing the production of timber volumes. 23,889 

Restricted 
watershed 

Provide water for domestic supply. Land management activities will be largely 
restricted to watershed maintenance and protection. 

9,946 

Managed 
watershed 

Provide water for domestic supply through a watershed management program 
which will harmonize present and foreseeable resource use with domestic water 
supply needs. 

28,052 

Research natural 
areas 

To provide areas for research, observation and study of undisturbed ecosystems. 
Maintenance of natural processes within each area will be the prime consideration. 

6,678 

Restricted 
riparian 

Protect the unique riparian habitats associated with perennial streams for wildlife, 
fishery and other beneficial uses. 

19,512 

Table based on data from: http://www.fs.usda.gov/main/rogue-siskiyou/landmanagement/planning 
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Table A6S1-2. Management areas on the Siskiyou National Forest 
Management 

Area Management Area goal Acres 
1 - Wilderness Maintain wilderness character in its natural condition and provide opportunities 

for solitude and recreation. 

232,495 

2 - Wild river Maintain the natural, free flowing, and primitive character of wild segments of the 
river corridor. 

5,029 

3 - Research 
natural area 

Maintain the natural, free flowing, and primitive character of wild segments of the 
river corridor. 

4,608 

4 - Botanical Maintain the natural, free flowing, and primitive character of wild segments of the 
river corridor. 

16,275 

5 - Unique 
interest 

Provide opportunities for understanding the earth's unique geologic, historical, 
and archaeological features. 

2,015 

6  - Backcountry 
recreation 

Provide both motorized and non-motorized recreation opportunities in a largely 
undeveloped setting with the minimum management necessary for resource 
protection. 

40,871 

7 - Supplemental 
resource 

Provide quality fish habitat, water, wildlife habitat and recreation opportunities in 
a largely undeveloped setting. 

26,921 

8 - Designated 
wildlife habitat 

Provide mature and old-growth habitat for dependent wildlife species. 50,287 

9 - Special 
wildlife site 

Provide an array of unique plant and animal conditions that contribute to overall 
wildlife habitat diversity. 

28,762 

10 - Scenic / 
recreation river 

Provide river-oriented recreation in an area of high quality scenery and largely 
undeveloped shoreline of Scenic and Recreation segments of the river corridor. 

10,317 

11 - Riparian Protect intrinsic values of ecosystems bordering bodies of water and wetlands 
while providing limited multiple-use development opportunities. 

96,623 

12 - Retention 
visual 

Protect scenic values while providing multiple-use development opportunities 
that are not visually evident to the casual Forest visitor. 

9,861 

13 - Partial 
retention visual 

Protect scenic values while providing multiple use development opportunities 
that are visually subordinate to the characteristic landscape. 

133,931 

14 - General 
forest 

Provide multiple-use development opportunities and a high yield of timber, 
subject to multiple use constraints. 

434,307 

Table based on data from: http://www.fs.usda.gov/main/rogue-siskiyou/landmanagement/planning 
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Table A6S1-3. Management areas on the Umpqua National Forest 
Management Area no. and focus Acres 

1. Provides opportunities for unroaded recreation primarily in semi-primitive settings. 26,300 

2. Provides an appropriate environment for concentrated developed recreation activities in the 
areas immediately surrounding Diamond and Lemolo Lakes. 

9,400 

3. Provides an appropriate area for future development of a winter sports site on Mount Bailey. 3,500 

4. Manage to preserve the natural character of these lands in a manner consistent with the 
Wilderness Act of 1964 and the Oregon Wilderness Act of 1984. 

70,800 

5. Manage the Oregon Cascades Recreation Area (OCRA) consistent with the intent of the Oregon 
Wilderness Act. 

35,500 

6. Provides for the protection and enjoyment of remarkable designated special interest areas. 3,000 

7. Manage the North Umpqua River, as designated in the Oregon Omnibus Wild and Scenic Rivers 
Act of 1988, for the protection of remarkably outstanding features for the benefit and enjoyment 
of people. 

7,000 

8. Manage as an experimental forest dedicated to basic and applied research on the function and 
operation of forest ecosystems in both natural and disturbed states. 

700 

9. Manage established and identified potential research natural areas (RNAs) in the system of 
nationwide RNAs. 

2,600 

10. Produce timber on a cost-efficient sustainable basis consistent with other resource objectives 
for wildlife habitat, riparian habitat and water quality, visual quality, and recreation. 

632,900 

11. Provide big game winter range habitat and timber production consistent with other resource 
objectives for wildlife habitat, riparian habitat and water quality, visual quality, and recreation. 

191,000 

12. Provides additional management direction to maintain or enhance the fisheries resource of 
Steamboat Creek and its tributaries consistent with the intent of the 1984 amendment to the 
Wild And Scenic Rivers Act. 

1 

13. Provides additional emphasis for the orderly exploration, development, extraction, and 
production of mineral resources on lands within the Fairview-Bohemia mineralized area 

1 

14. Manage undeveloped intact ecosystems for their ecological values with a focus on 
preservation of the genetic base of natural plants and animals and maintenance of natural 
processes. 

1,500 

Table based on data from: http://www.fs.usda.gov/main/umpqua/landmanagement/planning 
1 Overlaps other management areas; acreage not listed in forest plan. 
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SUPPLEMENT A6S2: 
 FIA PLOT OCCURRENCES USED IN 

VULNERABILITY ASSESSMENT 
 



A6-74    Appendix 6: Climate Change and Forest Trees in Southwestern Oregon 

  

Table A6S2-1. List of maps showing distributions of FIA plots that were used in the vulnerability 
assessment of group 1 tree species.  

Scientific name Common name Symbol Page 
Abies amabilis Pacific silver fir ABAM A6-75 

Abies grandis - A. concolor Grand fir-white fir ABGR-ABCO A6-75 

Abies lasiocarpa Subalpine fir ABLA A6-75 

Abies procera - A. x shastensis 
[magnifica x procera] 

Noble fir-Shasta red fir ABPR-ABSH A6-75 

Acer macrophyllum Bigleaf maple ACMA3 A6-76 

Alnus rubra Red alder ALRU2 A6-76 

Arbutus menziesii Pacific madrone ARME A6-76 

Calocedrus decurrens Incense-cedar CADE27 A6-77 

Chamaecyparis lawsoniana Port-Orford-cedar CHLA A6-77 

Notholithocarpus densiflorus 

 

Tanoak 

 

LIDE3 

 

A6-76 

Picea engelmannii Engelmann spruce PIEN 1 

Pinus albicaulis Whitebark pine PIAL A6-78 

Pinus attenuata 

 

Knobcone pine 

 

PIAT A6-78 

Pinus contorta Lodgepole pine PICO A6-78 

Pinus jeffreyi 

 

Jeffrey pine 

 

PIJE A6-79 

Pinus lambertiana Sugar pine PILA A6-79 

Pinus monticola Western white pine PIMO3 A6-79 

Pinus ponderosa Ponderosa pine PIPO A6-79 

Pseudotsuga menziesii Douglas-fir PSME A6-80 

Quercus chrysolepis Canyon live oak QUCH2 A6-81 

Quercus garryana Oregon white oak QUGA4 A6-81 

Quercus kelloggii California black oak QUKE A6-81 

Thuja plicata Western redcedar THPL A6-77 

Tsuga heterophylla Western hemlock TSHE A6-80 

Tsuga mertensiana Mountain hemlock TSME A6-80 

Note: additional information on species and nomenclature appears in table A6-2. 
1 Does not occur on any FIA plots; thus, map is not shown. 
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