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Executive Summary 
This report summarizes the results from a climate change adaptation workshop focused on the 
Willamette Valley, OR. The objective of the workshop was to collaborate with landscape managers to 
apply results from the Pacific Northwest climate change vulnerability assessment (PNWCCVA) to on-the-
ground ecological management objectives. Specifically, we sought to address the following questions: 

1) How can model results and datasets be applied to assist with management decisions? 

2) How can model results and datasets be made more useful for informing species and landscape 
management? 

To this end, we presented information and data developed as part of the PNWCCVA to workshop 
participants and received feedback on model results and climate projections. As recommended as part 
of the Adaptation for Conservation Targets (ACT) framework (Cross et al., 2012), we worked with 
participants to develop conceptual models of priority management issues. These conceptual models 
helped clarify how climate change may impact conservation targets, where more knowledge and data 
were needed, and what types of management actions could be implemented. 

In this report, we summarize the updated results from the PNWCCVA for the Willamette Valley and then 
provide a detailed case study of how these results could be used to inform management of a priority 
conservation species: the Oregon White Oak (Quercus garryana) in light of projected climate changes. In 
the appendices, we provide further guidance and resources for managers to develop their own 
adaptation plans including: guidance for selecting future climate scenarios; a general description of 
PNWCCVA data products and their strengths and weaknesses for management planning; a checklist of 
questions to help managers apply PNWCCVA products to specific conservation targets; and a list of 
additional academic papers and online resources that can provide managers with guidance and data for 
their adaptation planning effort. 

Introduction  
Over the last 100 years, average annual global temperatures have risen 0.7 °C (IPCC 2007c).  This trend 
in warming is projected to continue into the future, with global average surface temperatures projected 
to rise between 1.1 and 6.4 °C by 2100 (IPCC 2007c).  There is ample evidence that recent climatic 
changes have altered ecological systems, producing shifts in both the timing of ecological events and the 
distribution of species (Parmesan 2006; Parmesan and Yohe 2003; Root et al. 2003; Walther et al. 2002).  
For example, many species have shifted their ranges in accordance with changing temperatures, often 
resulting in poleward or upward in elevation shifts in species distributions (e.g., Moritz et al. 2008).  The 
ecological impacts of projected climatic changes are expected to be greater than those recorded in the 
past century in extent and magnitude (e.g., Thomas et al. 2004).  To successfully minimize the effects of 
climate change on species and ecological systems, resource management and conservation strategies 
need practical approaches for climate-adaptation planning. 



One of the first steps towards developing strategies to address climate change is to understand how and 
to what degree ecological systems and species will be vulnerable to projected changes. The Pacific 
Northwest Climate Change Vulnerability Assessment1 is an ongoing effort to provide such an 
understanding for the systems and species of the northwestern United States and southwestern 
Canada. The basis of this assessment is the concept that vulnerability is a product of sensitivity and 
exposure, where exposure refers to “the degree, duration, or extent of deviation in climate to which a 
system is exposed” and sensitivity refers to “the degree to which a system is affected, either adversely 
or beneficially, by climate variability or change” (IPCC 2007a). The assessment has several major 
components: 

• Downscaled Climate Change Projections: These include multiple downscaled climate datasets 
for projected future climates in the Pacific Northwest. Climate simulations from multiple global 
climate models have been downscaled to roughly 1-km resolution using three different 
downscaling approaches. 

• Habitat suitability Models: These models use correlation (machine-learning and statistical 
approaches) to identify to model the relationship between downscaled climate variables and 
animal, tree and vegetation system distributions. These relationships are then used to project 
potential changes in species and system distributions based on projected changes in climate. 

• Climate Sensitivity Database: Building an on-line database to document the inherent sensitivities 
of the species and systems of the Pacific Northwest to climate change. This database has been 
built and has been populated with information for over 200 species and many terrestrial, 
freshwater, and marine systems.  

• Lund Potsdam Jena (LPJ) Vegetation Model: This model simulates the distributions and 
productivity of plant functional types (PFTs), such as grass or evergreen needle-leaved trees, 
using a variety of mechanistic processes (e.g., photosynthesis, resource competition, population 
dynamics, etc.).  Model projections have been made for multiple projected future climates and 
data will soon be available. 

There is clearly a need for this type of information to inform management and planning in the face of 
climate change. However, building these models and datasets is only the first step in a more complex 
process. Perhaps an even more critical need than the data themselves is an understanding of how to use 
those data to develop management plans and climate adaptation strategies. A number of general 
principles have been proposed for climate adaptation, as well as more-detailed methods for specific 
places or systems (see list of papers and reports in Appendix 1, and online resources in Appendix 2).  

The Vulnerability Assessment team sought opportunities to work with resource managers and 
conservation practitioners to use preliminary products from the assessment to help develop 
conservation and management plans that take climate change impacts into account. With funding from 

                                                           
1 http://www.climatevulnerability.org/ 



the Great Northern and North Pacific Landscape Conservation Cooperatives, four specific landscapes 
were chosen and partners identified. 

Landscape Background  
The Willamette Basin occupies the lowland valley between the 
Cascades and the Coastal ranges in Oregon (Figure 1). The 
Valley is a fairly level alluvial plain ranging in elevation from sea 
level to 400 ft and its fertile soils and abundant rainfalls have 
made it the most important agricultural region in Oregon 
(ODFW 2006). Consequently, much of the basin has been 
converted to agriculture (~40% of land area). In addition, the 
region houses 68% of the state’s population (Baker et al., 2004) 
and 9 out the 10 largest cities in Oregon are in the Willamette 
Valley. Priority habitats for conservation include: oak 
woodlands, grasslands (including oak savanna), wetland and 
wet prairies, riparian areas, and aquatic habitats. Land use 
changes, altered disturbance regimes, and invasive species are 
some of the largest conservation concerns in the Valley (ODFW 
2006). 

Climate Vulnerability in the Willamette Valley 
The Vulnerability Assessment project downscaled the output of five general circulation models, or 
GCMs: CCSM3, CGM3, GISS-ER, UKMO-HadCM3, and MIROC3.2 and two emissions scenarios developed 
by the Fourth IPCC Assessment, namely the A2 (a relatively high emissions scenario resulting from a 
heterogeneous world with high population growth, slow economic development and slow technological 
change) and A1B (a medium emission scenario resulting from rapid economic growth and rapid 
technological change in the direction of both fossil-intensive and non-fossil energy resources) scenarios 
(Nakicenovic and Swart, 2000). The results of these models show comparatively good agreement among 
climate projections for the Willamette Valley. All models agree that average temperatures will increase 
in all seasons. Using projections from the ensemble mean based on the A2 (medium-high) emissions 
scenario, the mean annual temperature in the Willamette is projected to increase 6.2 °F2 and mean 
projections from five individual climate models and two emissions scenarios (A1B and A2) ranged from 
2.7 to 7.9 °F by the end of the century (Table 1). This range is slightly lower than the global projections 
for similar model scenarios of 3.1 to 9.7 °F (IPCC 2007c). Most (3 out of 5) models project increased 
                                                           
2 All climate projection statistics presented are based on a 30 year average for the end of the century (2070-
2099) unless otherwise noted. 

Figure 1: Boundary for the Willamette Valley 
ecoregion, which was used to calculate climate 
variable summaries. 



precipitation annually, but two models project a decrease. Net annual precipitation based on the 
ensemble mean of all models is projected to increase 3% with individual model projections ranging from 
-9% to 16% by the end of the century. Seasonally, the majority of models project warmer, wetter 
winters and hotter drier summers.  All models consistently project drier summers and there is good 
agreement that the other three seasons will be wetter, but one or two models project drier conditions 
for these seasons (Table 1). To put these climate changes in perspective, the projected end-of-century 
mean annual temperature and precipitation for the Willamette Valley are roughly analogous to those 
currently found in Northern California around the northern edge of the central valley. Seasonal 
precipitation in this region of Northern California also appears to be roughly within the range of future 
projections for the Willamette, although current California summers are still drier than projected 
summer conditions for the Willamette.  

The habitat suitability (climate envelope) models project relatively few significant changes for priority 
species in the Willamette. This finding suggests that average projected climate changes do not exceed 
the range of average climate conditions currently tolerated by most of the priority conservation 
specifies in this region. There are two important caveats to this finding. First, climate change may lead to 
more extreme high temperature or more intense precipitation events which are not captured by the 
global climate models used in this report. Second, these habitat suitability models do not include 
important ecological processes and interactions such as competition, dispersal, predation, etc. In 
contrast, results from mechanistic vegetation models, which do include some of these processes, 
suggest a much more dynamic future. At the low end of climate change, the vegetation in the region is 
projected to remain fairly stable, but at the upper ranges of change, substantial shifts in vegetation are 
projected (Rogers et al., 2011). These changes are largely driven by an increase in summer water stress 
due to increase temperatures and reduced precipitation during summer, which consequently lead to 
changes in fire regime. Shifts in vegetation could have a more significant impact on biota than the 
climate changes on their own. Conversely, if the climatic range remains tolerable for priority 
conservation species, it may be possible to maintain populations through active management.  

It is important to note that the global climate models used in this report are not able to capture fine-
scale aspects of climate that may have a significant impact on species in this region. Some examples of 
potential changes not captured in this report include: 1) increased frequency of heat waves (3 or more 
days of temperatures exceeding 32°C) (Salathe Jr et al., 2010), 2) increased likelihood of extreme 
precipitation events (Salathe Jr et al., 2010), 3) increased high wind storm events, 4) increased flooding 
due to increased likelihood of rain on snow events (Mote et al., 2003), 5) altered invasive species 
dynamics (Walther et al., 2009), increased prevalence and virulence of pathogens and pests (Garrett et 
al., 2006; Harvell et al., 2002), and 6) changes to hydrology (flow rates and timing, water temps) (Mote 
et al., 2003). These types of complex, fine-scaled responses to climate change are likely to have a 
significant impact on the ecology of the region. Consequently, the findings from this report should be 
viewed as an initial exploration of large-scale climate impacts on the Willamette Valley. 

Downscaled Climate Change Projections  
General projected climate trends for the Willamette from the PNWCCVA downscaling efforts agree with 
published assessments of future PNW climate changes (Mote and Salathe Jr, 2010; Rogers et al., 2011). 



The models agree that all seasons are projected to be warmer, with summer temperatures increasing 
slightly more than winter. Most models project wetter winters and drier summers. These changes have 
several implications for vegetation. Net primary productivity increases during fall, winter, and spring as 
the growing season extends and precipitation increases. In contrast, in summer, water stress is expected 
to increase due to a reduction in precipitation and increased likelihood of drought. Due to the increase 
in drought and high interannual variability in precipitation, fires in the region are projected to be larger, 
more frequent, and more intense (Rogers et al., 2011). The implications of these changes for vegetation 
are explored in the mechanistic vegetation modeling section and the case study on Oregon White Oak. 

For the workshop, we selected three potential future climate scenarios, all of which used the A2 
emissions scenario: the ensemble mean, the wettest climate projection, and the driest climate 
projection for the Willamette Valley. Projected precipitation changes are less certain and vary more 
among the climate model simulations than projected temperature changes. Therefore, we selected a 
multi-model average and the two most different precipitation projections to provide a wide range of 
possible future climates: 1) the driest scenario (GCM: CCSM3), 2) the A2 ensemble mean (average 
output of all five models), and 3) the wettest scenario GCM: CGCM3.1 [T47] hereafter CGCM3).  The A2 
is considered to be a mid-high greenhouse-gas emissions scenario.  The estimates of change in Table 1 
below are based on the average change for the Willamette Valley landscape. The maps display variation 
in how key climate variables are projected to change across the landscape.  All projected changes are 
annual averages calculated for the time period 2070-2099. 

  



Table 1 shows projected climate changes for the A2 ensemble mean, the maximum and minimum values projected by any of 
the 10 model projections (5 models x 2 emissions scenarios) and the selected wet and dry climate scenarios. Changes are 
calculated as 30 year averages for the end of the century (2070-2099) and represent the average change for the Willamette 
Valley region. 

 A2 
Mean 

Min  Max  Dry Scenario 
(A2 CCSM) 

Wet Scenario 
(A2 CGCM3) 

Mean Annual Temp (°F) (Increase, °F) 58 (6.2) 54 (2.7) 59 (7.9) 58 (6.9) 58 (6.3) 
Spring Mean Max Temp (°F) (Increase, °F) 56 (4.8) 52 (0.9) 57 (5.2) 57 (6.3) 56 (5.0) 
Summer Mean Max Temp (°F) (Increase, °F) 74 (8.6) 71 (5.2) 78 (12.0) 74 (8.6) 73 (7.7) 
Max mean temp for the warmest month (°F) 
(Increase, °F) 

78 (10.1) 74 (5.9) 83 (15.3) 77 (9.3) 78 (10.0) 

Min mean temp for the coldest month (°F) 
(Increase, °F) 

45 (5.0) 42 (2.5) 47 (4.3) 38 (4.6) 40 (6.7) 

Mean Annual PPT Change (%) 3 -9 16 -9 16 
Winter PPT Change (%) 5 -11 21 -11 21 
Spring PPT Change (%) 1 -8 17 1 11 
Summer PPT Change (%) -36 -52 -14 -49 -17 
Autumn PPT Change (%) 12 -11 14 -6 20 
Precipitation as Snow (SWE) Change (%) -87 -100 -11 -68 -100 
Spring PET Change (%) -16 -26 -10 -16 -22 
Summer PET Change (%) 1 -17 17 -3 -2 
Number of Frost Free Days 365 363 365 365 365 
Growing Degree Days with base 0 Change 
(%) 

31 13 39 35 32 

PPT = Precipitation 
PET = Potential Evapotranspiration 
 



 

Figure 2 shows projected mean annual precipitation changes for the Willamette Valley. Historical precipitation is shown in 
the upper left-hand corner and the projected percent change is shown for three climate scenarios: A2 ensemble mean, a dry, 
and a wet scenario. The Willamette Valley is outlined in red. Full page maps are available in Appendix F. 



 

Figure 3 shows projected seasonal precipitation changes for the Willamette Valley. For each season, the historical 
precipitation pattern is shown in the upper left-hand corner and the projected percent change is shown for three climate 
scenarios: A2 ensemble mean, a dry, and a wet scenario. The Willamette Valley is outlined in red. Full page maps are 
available in Appendix F. 

 



 

Figure 4 shows geographic locations that currently have similar climate conditions to those projected for the Willamette 
Valley by 2100. Areas with similar precipitation (MAP = mean annual precipitation) patterns are in blue, areas with similar 
temperature (MAT = mean annual temperature) are in yellow, and areas shown in green meet both temperature and 
precipitation conditions. 



We presented key projected climate changes for each scenario and provided participants with maps of 
downscaled climate data variables and tabular summaries of projected changes to use during their 
breakout sessions. Feedback from participants indicated that they appreciated seeing the detailed 
projections for a range of climate variables for their region. Many had heard about the most likely future 
climate changes for the PNW (e.g. warmer temperatures and wetter fall, winter and spring, drier 
summer conditions), but felt more informed having “seen the data.” During breakout sessions, 
participants focused more on qualitative narratives about future climate rather than quantitative 
projections. In addition, likely due to limited time available for a one-day workshop, participants 
emphasized either the ensemble mean or the most likely future scenario and were at most only able to 
touch on alternative climate futures in their discussions.  

Habitat Suitability Models 
Habitat suitability models identify climate variables that are correlated with current species range 
boundaries and then apply these statistical relationships to projected future climate data to project 
where, on the landscape, climatic conditions will be suitable for the species in the future (Pearson and 
Dawson, 2003). The resulting maps show which areas of the landscape are projected to remain 
climatically suitable, which areas are projected to become suitable (areas where the species’ range may 
expand), and which areas are projected to become unsuitable (areas where the species’ range may 
contract). Climatic suitability does not necessarily mean that a species will persist, expand or contract in 
a given region. Ecological factors, such as competition and dispersal, also determine a species’ range and 
distribution in addition to climate. In the vulnerability assessment, these ecological factors are explored 
through the species sensitivity database and mechanistic vegetation models. 

For the vertebrate models in the PNWVA, once projected range shifts were completed, inappropriate 
current land uses and projected vegetation types were removed.  For example, for species unable to live 
in urban landscapes, areas currently defined as urban were removed and mapped as unsuitable. 

Overall, the Willamette valley is projected to remain climatically suitable for the majority of priority 
conservation species (Table 2). The exceptions to this are Western Red Cedar, Vesper Sparrow which 
both show substantial contraction within the Valley.  

  



Table 2 provides a general summary of projected changes to climatic suitability for priority conservation species in the 
Willamette. The top three variables contributing to the model can be considered the climate variables with the greatest 
influence over model results. PET = potential evapotranspiration; PPT = precipitation. For more details on how climate 
variables are defined see Table 5 in Appendix B. 

Common 
Name 

Species 
Name 

Projected 
Trend in 
Willamette 

Top 3 variables contributing 
to model Additional Comments 

Garry Oak 
Quercus 
garryana Stable 

temp. difference between 
warmest and coldest month; 
autumn PPT; December PPT 

Expanding upslope and 
East of cascades 

Western 
Red Cedar Thuja plicata Contracting 

temp. difference between 
warmest and coldest month; 
December PPT; autumn PPT 

Stable throughout most 
of range (although poor 
model agreement), 
expansion upslope 

Northern 
Red-legged 
Frog Rana aurora Stable 

total winter PPT; winter PET; 
autumn PET Expanding upslope 

Willow 
Flycatcher 

Empidonax 
traillii Stable 

summer PET; winter PET; 
mean temp coldest month Stable in region 

Grasshopper 
Sparrow 

Ammodramus 
savannarum 

No modeled 
presences 
in the valley 

summer PET; temp. difference 
between warmest and coldest 
month; mean temp warmest 
month 

Some contraction but 
mostly expanding 

Yellow-
breasted 
Chat Icteria virens Stable 

summer PET; winter PET; 
autumn PET Expansion northward 

Vesper 
Sparrow 

Pooecetes 
gramineus Contracting 

summer PET; autumn PET; 
spring PET 

Stable throughout 
much of its range and 
expanding to higher 
elevations 

Purple 
Martin Progne subis 

Expansion 
in valley 

summer PET; winter PET; total 
summer PPT 

Stable and expanding 
in region 

White-
breasted 
Nuthatch 

Sitta 
carolinensis Stable 

summer PET; winter PET; 
autumn PET Stable in region 

Western 
Meadowlark 

Sturnella 
neglecta Stable 

summer PET; winter PET; total 
annual PPT Stable in region 

Common 
Nighthawk 

Chordeiles 
minor Stable 

winter PET; summer PET; 
temp. difference between 
warmest and coldest month 

Expansion outside 
valley 

American 
Beaver 

Castor 
canadensis Stable 

winter PET; temp. difference 
between warmest and coldest 
month; days with temp ≤ 5 C Stable in region 

Townsend's 
Western 
Big-eared 
Bat 

Corynorhinus 
townsendii Stable 

winter PET; summer PET; 
temp. difference between 
warmest and coldest month Stable in region 



 

Figure 5 shows habitat suitability results for priority conservation species in the Willamette Valley. Full page maps are 
available in Appendix F. 



 

Figure 6 shows habitat suitability model results for priority conservation species in the Willamette Valley. Results for 
Western Red Cedar are preliminary and only include 4 out of 5 climate models. Full page maps are available in Appendix F. 

Species Sensitivity Database 
The sensitivity database provides basic and important information about how sensitive species will likely 
be to climate change and why based on a series of life history characteristics: the degree to which the 
species is a generalist or specialist, physiology, life history, habitat preferences, dispersal ability, 
disturbance regimes, ecology, non-climate related threats, and other factors. Species experts assign 
each species/system a numeric ranking (1 being the least sensitive and 7 being the most sensitive to 
climate change) for each of these life history categories based on best available science (see Appendix A 
for more details). As these assessments are based on the best available science and expert opinion, the 
database also includes a confidence ranking (1 to 5 with 5 being very good confidence and 1 being very 
poor confidence) which allows the species account author to indicate their level of confidence in the 
science supporting each sensitivity ranking. This information provides an important complement to the 
habitat suitability model results. The habitat suitability models project whether a region will be 



climatically suitable in the future or not. In contrast, the sensitivity database provides information about 
the biology and ecology of a species, which often further constrain a species’ distribution within their 
climatic range.  For example, the habitat suitability projections for the Northern red-legged frog show 
that the Willamette valley remains climatically suitable for this species. However, the sensitivity 
database assigns the frog a very high sensitivity score (77% of maximum sensitivity) although the 
author’s confidence in this ranking is “fair.” Specifically, the red-legged frog has the following 
sensitivities: 

Habitat: dependent on habitats that are likely to be sensitive to climate change including ephemeral and 
permanent wetlands, slow parts of streams 

Dispersal: does not disperse long distances (< 1 km) and dispersal is sensitive to barriers such as roads 
and development, and available appropriate ground cover and microhabitat availability. Particularly if 
conditions become drier, movement between sub-populations may be restricted.  

 Ecology: precipitation changes may affect the timing of reproduction, survival of eggs/larvae etc., and 
availability of prey items. Climate may change the prevalence of the chytrid fungus.  

Interacting stressors: Frogs breathe through their skin and are therefore sensitive to changes in the 
chemical environment. Introduced predators such as small mouth bass adversely affect this species. 
Outdated timber harvest activities can change microhabitat conditions, reducing moisture availability 
and limiting dispersal.  

Reviewing these more specific factors reveals that climate change may have a greater impact on this 
species than what is suggested by habitat suitability models alone. What this means is that although the 
broad climate factors, such as average temperature, moisture availability, and precipitation apparently 
remain within the range tolerated by this species, fine scaled changes to microhabitat conditions and 
dependent habitats could lead to adverse impacts.  



 

Figure 7 shows sensitivity and confidence scores for priority species. Scores are listed as a percent. For sensitivity, a score of 
100% means that the species was assigned the highest possible score (most sensitive score) for all categories. Confidence is 
scored on a 1 to 5 scale with 5 being “Very Good” confidence and 1 being “Very Poor.” For confidence, a score of 100% 
means 5 out 5 for confidence. 
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Table 3 provides a brief summary of some of the information included in the sensitivity database. The sensitivity and 
confidence percentages are the numeric score for each of these categories as a percent of the highest possible score. 
Categories contributing to high sensitivity are those categories for which the species scored a 6 or 7 (out of 7). Database 
entries may not all be complete. Refer to https://climatechangesensitivity.org for detailed accounts of species sensitivity. 
Chipping Sparrow, Common Nighthawk, Western Meadowlark, and Wood Duck had not been entered in the database at the 
time this report was written. 

Species 
Sensitivity 
% 

Relative 
Sensitivity 

Confidence 
% 

Relative 
Confidence 

Categories contributing to 
high sensitivity 

Database 
entry 
complete? 

Foothill 
Yellow-
legged Frog 0.77 

Extremely 
High 0.6 Fair 

habitat, ecology, 
physiology, life history, non-
climatic Yes 

Northern 
Red-legged 
Frog 0.74 

Extremely 
High 0.6 Fair 

habitat, ecology, life history, 
dispersal ability, non-
climatic Yes 

Western 
Bluebird 0.69 High 0.6 Fair 

habitat, specialist, 
disturbance, ecology, non-
climatic Yes 

Townsends 
Big-eared 
Bat 0.67 High 0.6 Fair 

habitat, 
generalist/specialist, 
physiology, life history, 
disturbance regime, 
ecology, other Yes 

Streaked 
horned lark 0.65 

Extremely 
High 0.4 Poor 

habitat, non-climatic, 
ecology Yes 

Grasshopper 
Sparrow 0.55 High 0.6 Fair 

habitat, specialist, non-
climatic No 

Acorn 
Woodpecker 0.54 High 0.6 Fair Habitat, specialist Yes 
Short-eared 
Owl 0.52 High 0.6 Fair habitat and life history   
Yellow-
breasted 
Chat 0.51 High 0.4 Poor habitat Yes 
American 
Beaver 0.46 High 0.6 Fair habitat Yes 
Slender-
billed white-
breasted 
nuthatch 0.39 High 0.4 Poor 

generalist/specialist, non-
climatic Yes 

Dusky 
Canada 
Goose 0.38 High 0.4 Poor habitat Yes 
Oregon 
vesper 
sparrow 0.37 High 0.4 Poor 

life history, non-climatic 
(med-high) Yes 

Willow 
flycatcher 0.36 High 0.4 Poor non-climatic, ecology   
Purple 
Martin 0.33 Medium 0.6 Fair specialist Yes 

 

https://climatechangesensitivity.org/


Dynamic Global Vegetation Models 
Dynamic global vegetation models (DGVMs) are used in conjunction with climate change projections to 
model changes in general vegetation types (e.g. temperate conifer forest, sagebrush steppe, or 
grasslands) over time. In contrast to the habitat suitability models based on the correlation between a 
species’ range and climate variables, DGVMs are based on mechanistic relationships between 
vegetation, climate, and ecological factors such as fire, CO2 fertilization effects and competition.  

Rogers et al. (2011) projected vegetation changes using the MAPSS-CENTURY 1 (MC1), a model 
particularly well suited to capturing fire dynamics. All model projections shared here are for the 2080s 
(yearly average from 2070 – 2099).To test model validity, Rogers et al. (2011) modeled historical 
vegetation types and compared the results to maps of existing vegetation. While the modeled 
vegetation matched existing vegetation well overall, it failed to recreate the mixed open forests of the 
Willamette valley. The authors attribute this failure to the human-modified fire regime in this region 
which historically maintained open oak forests. Given that the model did not accurately predict known 
vegetation types, projections of future vegetation using this model may also be less accurate for the 
Willamette Valley. Another interpretation is that the Rogers et al. (2011) vegetation projections for the 
Willamette illustrate future vegetation conditions in the absence of human fire management.  

Rogers et al. (2011) input climate scenarios from three different climate models, all of which used the A2 
emissions scenario (a mid-high emissions scenario): CSIRO Mk3 (Gordon 2002), MIROC 3.2 medres 
(Hasumi and Emori 2004), and Hadley CM3 (Johns et al. 2003) (hereafter referred to as CSIRO, MIROC 
and Hadley respectively). The CSIRO, MIROC and Hadley climate projections differ primarily in their 
summer conditions. CSIRO projects mild temperature increases and more precipitation overall, with 
minimal decrease in summer precipitation. In contrast, both MIROC and the Hadley model project 
hotter temperatures year round and drier summers. The Hadley model is more extreme projecting much 
hotter and drier summers than the MIROC. Subsequently, summer water stress decreases according to 
the CSIRO model, but increases for both the MIROC and Hadley models. Similarly, Net Primary 
Productivity (NPP) increases during fall, winter and spring in all three models and slightly during summer 
for the CSIRO model, but decreases during the summer in the MIROC and Hadley models (Rogers et al., 
2011).  

The three different climate scenarios produce very different vegetation projections, despite using the 
same vegetation model (MC1). Due to the mild changes projected by the CSIRO model, this model 
projects no change for the vegetation in the Willamette valley, which remains maritime conifer forest. 
The MIROC model projects that the Willamette vegetation will transform into subtropical mixed forest 
and temperate warm mixed forest. Lastly, the very hot and dry Hadley model projects a conversion to 
temperate conifer forest more similar to conditions currently found on the east side of the mountains 
(Figure 6) (Bachelet et al., 2011; Rogers et al., 2011). These widely divergent projections have significant 
implications for ecosystem planning and management. These results emphasize that even in the 
Willamette, where there is comparatively good agreement among climate models as to how climate is 
likely to change, the seemingly small differences in projected climate change could lead to very different 



ecological futures. Consequently, managers need to create plans that are flexible and robust to these 
future uncertainties.   

 

Figure 8 Simulated most common vegetation types with full fire for the historical (1971-2000) and future (2070-2099) periods 
under the three climate projections : the CSIRO Mk3 [Gordon, 2002], MIROC 3.2 medres [Hasumi and Emori, 2004], and 
Handley CM3 [Johns et al. 2003] models run through the A2 CO2 emissions scenario (Nakicenovic and Swart, 2000). Also 
shown is the aggregated potential vegetation map from Kuchler [1975] (figure from Rogers et al. 2001). Notice that the 
unique Willamette vegetation type illustrated in the Kuchler map is absent in the MC1 historical projection. Note: Spatial 
datasets from this figure are available for visualization and free download from the web-based conservation-related 
database called Data Basin (databasin.org).  

(http://app.databasin.org/app/pages/galleryPage.jsp?id=aa6df43ee7f745d6a7b5f65bb0092e43). 

 

Land Facets 
Species distributions, communities, ecosystems, and broader patterns of biodiversity are clearly 
influenced by abiotic drivers such as soils, geology, topography, and climate. These abiotic features, and 
the climate gradients they create, will persist even while climate changes (e.g., higher elevations will still 
be cooler than lower elevations, although both will likely be warmer). Several authors have suggested 
that by protecting a diversity of land facets, or unique combinations of abioitic conditions, it may be 



possible to protect areas that will foster a diversity of biota currently and in the future —albeit different 
biota than those areas would protect today (Anderson and Ferree 2010, Beier and Brost 2010).   

A study by Schloss et al. (in prep.) compared how the selection of abiotic variables and facet 
identification methods affected facet designation and ultimately the prioritization of conservation areas. 
The authors compared results using two different spatial resolutions (270 meter and 1 kilometer), 7 
abiotic variables (elevation, slope, soil organic matter, bulk density, horizon depth, accumulated water 

content, and geologic rock type) and three approaches to identifying unique facets (overlay, statistical k-
means clustering, and a hybrid approach). In general, they found that data resolution (1 km versus 270 
meter) and variable choice (Soil or Geology in addition to Topopgraphy) had very little impact on which 
areas were prioritized for conservation. However, the method used to identify unique facets (simple 
overlay versus k-means statistical clustering) resulted in greater differences in final conservation 
priorities. For the overlay approach, Schloss et al. designated facets from unique combinations of 
variable categories and/or variable classes for continuous data. In addition, they generated facets using 
two variations of more complex statistical clustering algorithms. Schloss et al. then used Marxan to 
identify networks of planning units in which targeted quantities of facets are represented at a minimal 
cost (Ball and Possingham 2000). Finally, the authors compared how well each resulting conservation 
network represented vegetation types as a measure of how well the network protected current 
biodiversity. In the Willamette Valley, methodological choices had little impact on conservation 
priorities due to the limited topographic complexity of the ecoregion. Overall, facets identified using an 

Figure 9 shows a comparison of land facets for the Willamette Valley designated using a variety of variable combinations 
and facet identification approaches. 



overlay approach represented current vegetation patterns relatively well. In 
addition, the overlay method with fewer variables is more transparent and 
results in more interpretable facets than the statistical clustering methods.  

Conceptual Models 
We worked with our contacts before the start of the workshop to identify a 
set of priority conservation targets or issues for the region. Identifying 
specific, targeted management objectives helps narrow the scope of initial 
planning and facilitates identifying concrete actions or knowledge gaps (Cross 
et al., 2012). This narrow focus was essential for the limited time available 
during a one-day workshop. For the Willamette Valley, management 

objectives included: maintain or expand the extent of Garry Oak (Quercus 
garryana) woodlands, maintain appropriate flows and temperature for 
aquatic and riparian systems, and maintain or expand the extent of upland 
prairie systems. 

Workshop participants broke into small groups (~ 5-10 individuals per group) 
and developed a conceptual model of the factors influencing their 
management objective. Conceptual models are useful for adaptation planning because they identify 
participant’s assumptions about how the system functions and which elements are most important 
(Cross et al., 2012).The models can then be used to identify the relationships between climate variables 
the system and subsequently, which climate variables are likely to be most important drivers of future 
change. The conceptual model can ultimately be used to identify points of intervention where 
management actions can be most effective.  

Figure 10 Summary of 
irreplaceability. The 
number of facet models in 
which each planning unit is 
included in at least 800 of 
1000 iterations based on 
1km resolution data for the 
Willamette Valley. 



 

Figure 11 shows a conceptual model, developed by participants in the workshop, of factors influencing the extent of oak 
woodlands in the Willamette Valley. 



 

Figure 12 shows a conceptual model, developed by participants in the workshop, of factors influencing riparian and aquatic 
systems in the Willamette Valley. 



 

Figure 13 shows a conceptual model, developed by participants in the workshop, of factors influencing upland prairie in the 
Willamette Valley. 

  



Climate Vulnerability Assessment Checklist 
Fundamentally, there are three basic future outcomes for any given species or system in any given 
location. 1) Conditions will remain stable and the species or system will more or less be able to remain in 
the focal area. 2) Conditions will improve and the species may increase in abundance or have 
opportunities expand into new locations. Finally, 3) conditions degrade, the species may become less 
abundant or even no longer be supported in that location and the system may convert to something 
new and may or may not have the capacity and opportunity to shift to a new location. Given the 
uncertainty associated with ecological forecasts, each of these possibilities should be explored and the 
relative probabilities of each occurring considered in a full adaptation plan. It is particularly important 
for managers to not “close off” any one option. The ideal overarching goal is to protect a conservation 
network that could support current biodiversity in place, provides locations for possible expansion, and 
maintains connectivity to allow species and systems to shift as needed. However, within the framework 
of creating a robust conservation network, particular actions can be emphasized or downplayed based 
on current understanding of what changes are most likely for each conservation target. Climate 
vulnerability assessments can help prioritize which outcomes are more likely and consequently which 
strategies to prioritize. For example, managers may continue with current management and monitoring, 
plan for assisted migration, or start planning for transformation depending on what models and present 
understanding of natural history suggest is likely to occur.  

As with any effort to model the future, it is important to remember that modeled future vegetation 
conditions are projections, not predictions. In other words, vegetation models are not crystal balls that 
tell us what future vegetation will look like. Instead, results from these models illustrate possible future 
vegetation conditions given the set of assumptions inherent in each model. Model results can be used to 
gain a better understanding of how climate influences a given system, which variables have the greatest 
impact, and how variations in climate changes could affect the system. The big picture trends are more 
important than projected changes in specific locations. The following check-list provides a set of 
questions that can help managers use vulnerability products to prioritize adaptation actions. 

Will the focal area be climatically suitable for the conservation target? 
• Using results from habitat suitability models, classify species/system both throughout its range 

and in the location of interest: 
o Stable 
o Expanding 
o Contracting 
o Uncertain (no clear pattern) 

• Which climate variables, if any, constrain the abundance and distribution of the conservation 
target?  

o Identify which variables drive habitat suitability model results: do these make ecological 
sense?  

o Use natural history knowledge from the climate sensitivity database or elsewhere to 
identify climate variables that may constrain the target. 

o Review mechanistic models if available:  



 How sensitive are the results to different climate scenarios? 
 Do results agree with habitat suitability model projections? 
 Which variables drive the observed results? 

• How are these key climate variables likely to change? 
o Remain the same 
o Improve 
o Degrade 

• What aspects of climate are not addressed in current models, but could influence management 
of the conservation target? Examples include:  

o Increased potential for storms (precipitation and wind events) 
o Changes in the intensity and occurrence of extreme events such as heat waves or high 

precipitation events 
o Changes to hydrology (flow rates and timing, water temps, increased likelihood of rain 

on snow events) 

Will the focal area be ecological suitable? 
• What ecological relationships, if any, constrain the abundance and distribution of the target? 

Use conceptual models, natural history, and spatial models to answer the following: 
o Interspecific relationships (e.g. mutualist species such as pollinators, seed dispersers 

etc., prey or forage species, predators, parasites and diseases) 
 How will climate affect these interacting species?  

• Stable 
• Improve 
• Degrade 

 Could changing climate conditions introduce new species such as new 
predators, diseases, or competitors? 

 Are spatial changes to the interacting species likely to be similar or different to 
the target (e.g. both expand upslope)? 

 Do the interacting species respond to similar climate variables? 
 Do new conditions change existing relationships (e.g. switch competitive 

advantages, increased virulence of disease)? 
o Dependent habitats 

 Is the target dependent on a particular habitat type? 
 How is that habitat type likely to be affected by climate change? 
 If models are available, what spatial shifts in habitat are likely? 

o Disturbance regime (e.g. fire, flooding etc.) 
 Is the species dependent on a particular disturbance regime? 
 How is climate change projected to impact that regime? 

Will non-climate stressors interact with projected climate changes? 
• What non-climate stressors (e.g. land conversion, grazing, logging, environmental toxins, etc.) 

currently or potentially impact the conservation target? 



• Compared to climate change, are these stressors more or less important? Are these stressors a 
more immediate threat than climate change? 

• Will climate change alter the dynamics of these stressors? For example, will reduced 
precipitation influence agricultural productivity and alter the profitability of farm land? 

Case Study: Oregon White Oak (Quercus garryana) 
The following case study uses the vulnerability assessment checklist to provide an illustration for how 
natural history, climate projections, and habitat suitability models can be used to inform adaptation 
planning. Q. garryana is a foundation species in the Oak woodlands of the Willamette and a 
conservation target for this region.  

Will the Willamette Valley be climatically suitable for Q. garryana? 
Current evidence suggests that, at a broad scale, the Willamette valley climate will remain suitable or 
even improve for Q. garryana. We can be confident that temperatures will increase but are very likely to 
remain within the general range tolerated by this species. There is less certainty associated with 
precipitation, but there is good model agreement that fall, winter and spring will be wetter and 
summers will be drier. These changes are unlikely to disadvantage Q. garryana and may benefit this 
species (Bachelet et al., 2011). However, climate events that occur at fine spatial and temporal scales 
such as the frequency of extreme heat waves, wind and rain storms and large wildfires may affect 
climate suitability for this species but are not captured in the Global Circulation Models. Some authors 
suggest that these events will increase in frequency (Ciais et al., 2005; Meehl and Tebaldi, 2004; 
Westerling et al., 2006). If so, these fine scale events could increase Oregon white oak mortality and 
alter oak community composition. While the Willamette valley on the whole remains climatically 
suitable, active management of oak habitat is likely to remain necessary and individual habitat sites may 
change in suitability or community composition.  

Habitat suitability Results 
All five habitat suitability models for the Oregon White Oak agree that the Willamette valley remains 
climatically suitable for this species. The models also agree that higher elevation areas to the East and 
West become climatically suitable providing an opportunity for oaks to expand upslope. In addition, 
areas east of the Cascades similarly become climatically suitable (Figure 13). These results suggest that 
climate conditions remain stable or even improve for this species throughout its range.   



 

Figure 14 shows habitat suitability model results for Quercus garryana. 



The following climate variables were most strongly correlated with the historic distribution of Oregon 
White Oak (listed in order of decreasing importance): 

1) Temperature difference: the difference between the mean warmest month temperature and 
the mean coldest month temperature 

2) Fall precipitation 
3) December precipitation 
4) Winter mean maximum temperature 
5) July mean maximum temperature 
6) Summer mean maximum temperature 

These variables are potentially significant drivers of Oak distribution. If so, monitoring changes in these 
variables could provide insight into the direction and rate of climate change for Oregon White Oak. 

Natural history and climate projections 
Projected mean annual temperature and precipitation for the Willamette fall well within the current 
range for this species (8° to 18° C (46° to 64° F); and 170 to 2630 mm) (also see Table 1). This species 
does not require or benefit from cold temperatures during winter so warmer winter temperatures are 
unlikely have a significant impact. At the upper range, this species has been known to tolerate 
temperatures of up to 116°F (Stein, 1990). The maximum projection for the mean warmest month is 
80°F, which is still below the current range for July temperatures of 60° to 84° F (Stein, 1990). However, 
the climate statistics reported here do not provide information about the frequency or intensity of 
extreme heat wave events. In general, extreme heat events are likely to increase (Meehl and Tebaldi, 
2004). Extreme heat waves have adversely affected oak systems in Europe (Ciais et al., 2005) and could 
have similar negative effects in the Willamette (Bachelet et al., 2011).  

Oregon White Oak is drought tolerant and so benefits from warmer and drier conditions (Bachelet et al., 
2011; Hansen, 1947; Sprague and Hansen, 1946; Stein, 1990). Competition pressure from Douglas Fir 
seems to increase when growing season precipitation (Apr-Sep) exceeds 250 mm (Larsen and Morgan, 
1998). Current precipitation in the Willamette Valley for the approximate growing season (Mar-Aug) is 
379 mm. Four out of the five models used in the PNWVA indicate that precipitation for this time period 
will decrease slightly, but none of the models project that growing season precipitation will drop below 
250 mm in the Willamette Valley. While this drying trend may not be significant enough to confer a 
competitive advantage, it is unlikely to disadvantage Oregon White Oak either (Bachelet et al., 2011).  

Changes to winter precipitation could also affect oak ecology.  Some climate models project both and 
increase in winter precipitation and a northward shift in storm tracks suggest an intensification of winter 
precipitation events (Salathé, 2006). Intense storms could cause landslides and wind throw leading to 
the loss of adult oak trees (Bachelet et al., 2011). Wind may be a particular threat to large, open-grown 
oak trees in prairie systems.  

While at a broad scale the climate is very likely to remain suitable for the Q. garryana as a species, 
climate changes could have a significant impact on oak community composition. Projected temperatures 
for the Willamette Valley are analogous to those found in parts of Northern California today (see Figure 



4). However, Oregon white oak community structure is strongly driven by precipitation (Riegel et al., 
1992). In Southwest Oregon, oak communities in regions with less than 1000 mm of mean annual 
precipitation are more similar to those found in California, while those with greater than 1000 mm are 
more similar to the types currently found in the Willamette Valley (Riegel et al., 1992). Over the last 30 
years, mean annual precipitation in the Willamette has remained above 1000 mm and the majority of 
climate models project that mean annual precipitation will increase. Oregon white oak’s current range 
overlaps with some areas in Southern Oregon and Northern California that have climate conditions 
similar to those projected for the Willamette Valley (Figure 15). In addition, one model projects a 
decrease in mean annual precipitation (A2, CCSM3), which would drop the Willamette Valley below the 
1000 mm threshold.  

 

Figure 15 shows the location of areas within Oregon white oak's current range (green) that currently have a mean annual 
temperature similar to that projected for the Willamette Valley by 2100. Areas circled in yellow also have similar mean 
annual precipitation. 

Mechanistic vegetation models results 
While direct climate conditions appear likely to remain stable, historically, climate has not been the 
most significant factor determining the abundance and distribution of Q. garryana (Hansen, 1947). The 



interacting effects of summer drought, fire regime, and carbon dioxide fertilization conditions all affect 
oak ecology and its ability to compete with conifers. Mechanistic vegetation model projections suggest 
that summer droughts and the frequency and intensity of wildfires will both increase (Rogers et al., 
2011). Increased summer drought may give Q. garryana a competitive advantage over Douglas Fir 
(Sprague and Hansen, 1946; Taylor and Boss, 1975). Frequent low intensity burns historically maintained 
oak woodlands in this region (Boyd, 1999) and prescribed burns are a potentially important, though 
controversial, component of current oak restoration and maintenance efforts (Hamman et al., 2011). 
Models project an increase in the total area burned and burn severity (Rogers et al., 2011). Fire and high 
intensity burns can have a detrimental impact on overall oak and prairie community structure in altered 
and degraded oak habitats (Agee, 1996). In addition, Bachelet et al. (2001) found that while increased 
wildfire and summer drought could theoretically lead to more grasslands in western Oregon, increased 
CO2 fertilization increases water use efficiency of trees. The balance between these drivers appears to 
favor tree growth. Consequently, CO2 fertilization may benefit conifer species and decrease the 
competitive advantage of Q. garryana despite drier growing season conditions (Bachelet et al., 2011).  

In summary, while climatic and fire conditions may improve slightly for this species, it is not clear 
whether these changes will be sufficient to confer a competitive advantage over Douglas Fir. This in 
conjunction with a CO2 fertilization effect which may improve the drought tolerance of Douglas Fir 
suggests that while the Valley is likely to remain suitable for Oregon White Oak, active management is 
likely to still be necessary. 

Will the Willamette Valley remain ecological suitable for Q. garryana? 
In short, while there is comparatively strong agreement about future climate conditions among climate 
models for the Willamette, the ecological consequences of these changes are significantly more 
uncertain. Several important Oregon white oak life history events such as acorn dispersal, seedling 
recruitment and herbivory are mediated or influenced by animal species. Changes in the distribution or 
abundance of these animals could have potentially significant impacts on oak survival in this region. 
Currently, none of these interacting species has been assessed through the Species Sensitivity database, 
and, to our knowledge, formal studies have not investigated how climate change may impact these 
species and their relationship with Q. garryana.  Hence the following discussion is simply an exploration 
of the possible ways that climate change may impact these relationships.    

Seed Dispersal and Predation 
Rodents (Eastern and Western Gray Squirrels, Douglas Squirrels) and birds (Steller’s Jay) disperse and 
bury oak acorns. These actions benefit oaks by spreading seeds to new locations and improving 
germination success respectively  (Fuchs et al., 1999; Larsen and Morgan, 1998).  Climate change is 
unlikely to negatively affect these squirrels and jays given their broad geographic ranges and generalist 
behavior. In addition, each of these species responds to slightly different environmental conditions and 
operates at slightly different spatial scales. As a result, impacts to one species may be compensated for 
through the dispersal actions of another (Elmqvist et al., 2003).   

It is possible that a warmer climate could benefit squirrel and jay dispersers, for example by reducing 
winter mortality, but no studies have explicitly investigated this possibility. Higher densities of squirrels 



and jays could lead to both higher dispersal rates (more acorns dispersed longer distances), which would 
benefit oaks, but also higher predation rates as competition for acorn resources increases, which could 
reduce reproduction. Approximately every third year, Oregon white oak produce a mast crop of acorns 
(Peter and Harrington, 2009) presumably to overwhelm predation pressure. Mast acorn production is a 
successful strategy for satiating seed predators and increasing germination and seedling production in 
other oak systems (Pérez-Ramos and Marañón, 2008). Consequently, the net impact of changes to 
squirrel and jay abundance are both highly uncertain and likely to be small.  

Oaks are considered dispersal limited (Stein, 1990). Heavy acorns will essentially only disperse beyond 
the parent canopy if moved by squirrels or birds or through gravity if located on a steep slope. 
Observations of Steller’s Jays have found that these birds will move Oregon white oak acorns up to 600 
meters from adult trees, possibly up to 1 kilometer (Fuchs et al., 1999). Studies of jay dispersal of other 
heavy seeds have estimated maximum dispersal distance of about 1 km for holm-oak (Quercus ilex) 
dispersed by the European jay Garrulus glandarius, (Gómez et al., 2008); 4 km for smaller Beechnuts 
(Fagus grandifolia) dispersed by Blue jays (Cyanocitta cristata) (Johnson and Adkisson, 1986), and ~1 km 
for Quercus palustris acorns dispersed by Blue jays (Darley-Hill and Johnson, 1981). Jays will move longer 
distances if scattered trees or fencerows are present as stopping points (Fuchs et al., 1999; Gómez et al., 
2008). In addition, squirrels and jays in the Pacific Northwest both prefer to cache acorns under conifer 
forest cover (Fuchs et al., 1999). Consequently, the presence of conifer grassland edges and scattered 
conifer trees may facilitate dispersal of oak acorns to new locations. Even with these measures however, 
expansion of Oregon white oak into new habitat is likely to be extremely slow due to the low probability 
of long distance (e.g. 1 km) dispersal events. If rapid colonization of new habitat areas is desired, 
planting seedlings or dispersing acorns by hand are likely to be necessary management actions. 

Herbivory 
Deer and elk browse oak leaves and high densities of these species may limit recruitment  (MacDougall, 
2008). Habitat suitability models project that the Willamette valley will remain climatically stable for 
Mule Deer (Langdon, unpublished data). Warmer winters have been shown to benefit deer populations 
through increased body mass and decreased winter mortality (Côté et al., 2004). Increased deer 
population would have a negative effect on oak recruitment. The degree of this effect would depend on 
the extent to which deer populations increase. Unchecked ungulate herbivory can have significant 
detrimental impacts on forest regeneration and structure (Côté et al., 2004). Changes to the ungulate 
population are highly uncertain, although there is some suggestion that climate change will benefit this 
species. The impacts could be large (MacDougall, 2008), but deer management actions that could 
reduce overpopulation are well developed and understood. 

Insect, Disease, and Fungal Pests 
Oaks host numerous insects, pathogens, and fungi, which damage leaves and acorns. In the case of 
Oregon white oak, these rarely cause tree mortality (Stein, 1990).  However, insect species are 
physiologically highly sensitive to climate, which has a strong influence on metabolic rates, fecundity, 
dispersal, and ultimately herbivory. Winter temperatures and a longer growing season may increase 
insect population size (Dukes et al., 2009). In particular, warmer temperatures may lead to longer and 
larger tent caterpillar outbreaks (Roland et al., 1998). Changes in the geographic distribution of insect 



herbivores could put oaks in contact with new pests (Garrett et al., 2006). In addition, warmer 
temperatures may alter the timing of insect hatching in relation to leaf bud burst or acorn maturation. 
This could benefit or harm insect populations with cascading effects on oak acorns and reproduction. 
Some have argued that the net impact of warming temperatures would be to increase disease and pest 
pressure (Harvell et al., 2002).   

Discula quercina is an endophyte, or a symbiotic fungi, of Oregon white oak. Infecting spores are spread 
by rain and infection rates increase during the spring rainy season and new infections halt once spring 
rains end and summer dry period begins. Duration of the rainy period is probably most important and a 
longer rainy period may lead to increased infections. While D. quercina appears harmless, or potentially 
beneficial, to Oregon white oak, it can infect and damage Douglas Fir (Wilson and Carroll, 1994). As this 
fungus is spread by rain, changes in the duration of the rainy season driven by climate change could 
affect its prevalence, but again no studies have investigated this potential impact.  

The impacts of climate change on plant insect herbivores and pathogens remain extremely complex, 
highly uncertain, and poorly studied (Dukes et al., 2009; Garrett et al., 2006). Ultimately, the potential 
impact of new or more virulent diseases or parasites on this species could be large, but is highly 
uncertain and no current studies identify a specific threat. 

Non-climate stressors 
The population in the Willamette valley is expected to almost double by 2050 to roughly 4 million. Baker 
and others (2004), in conjunction with stakeholders, developed three scenarios for how development 
might occur to accommodate these almost 2 million new residents. These scenarios are not predictions 
of future development but rather different visions of how future development might occur. The three 
scenarios were “plan trend” in which current development trends continued, “development” in which 
current planning policies were loosened, and “conservation” in which ecosystem protection and 
conservation were given high priority. Stakeholders agreed that overall environmental and resource 
protections would remain largely in place. Consequently, in all three scenarios, the stakeholders felt that 
most development would take place primarily on existing agricultural lands rather than converting 
native habitats. Consequently, the direct loss of native habitat is small in all scenarios. However, in the 
conservation scenario, rural development is clustered which reduces the amount of agricultural land 
conversion and the extent of contact between agricultural lands and native habitats. Also in the 
conservation scenario, some agricultural lands are restored to native habitats.  

These scenarios, while not predictions of the future, provide a range of plausible future development 
trends. The overall picture is one in which native habitats are generally protected, at least from direct 
conversion. While this may be optimistic, it is the collective vision developed by a diverse group of 
stakeholders and therefore represents at a minimum the preferred general future for the Valley (Baker 
et al., 2004). If this is the case, the threat of direct conversion may be lower than the threat of 
development encroaching upon protected native habitats. Urban encroachment can have numerous 
impacts on protected areas including loss of connectivity, spillover of invasive or nuisance species, 
increased recreational use, and altered micro-climatic conditions at the protected area edge. Indirectly, 
regional land use patterns may impact fire management. While wildfire may be more likely, fire 



suppression is more likely and prescribed burns more difficult to implement in densely populated areas. 
Lastly, much of Oregon white oak is on private lands in the Willamette and private landowners may 
favor the commercially valuable Douglas fir over Oregon white oaks, and so actively remove oaks or 
facilitate Douglas fir establishment on their lands (Fischer and Bliss, 2006). 

Oak Management Strategies 
The following recommendations are aimed at developing a climate adaptation plan for Oregon white 
oak as a species. Conservation of Western oak-prairie systems in the face of climate change has been 
well reviewed elsewhere (Bachelet et al., 2011). The following discussion provides examples and ideas 
for management strategies based on our current understanding of projected climate and the ecological 
needs of this species. Our best understanding suggests that conditions will remain suitable for this 
species in the Valley and current protection and management efforts will continue to be feasible, 
though modifications may be necessary. There is also evidence that climate and fire conditions may 
improve for Q. garryana in the Willamette Valley, potentially making expansion of habitat possible. 
There is greater uncertainty associated with this projection because a greater number of factors (e.g. 
dispersal, fire suppression policies, and complex competitive interactions with conifers), would need to 
change to make it a reality. Finally, we cannot exclude the possibility, although we believe that it is 
unlikely, that either climate or ecological changes make the valley unsuitable for this species in the 
future. We present some possible actions for addressing each of these future outcomes. Actions are 
given high priority if they either address a likely change or if they are beneficial regardless of how 
climate changes in the future (i.e. they are robust to uncertainties in climate projections). Other actions 
are given a low priority. 

Continue Current Maintenance and Protection Efforts  
The balance of evidence suggests that it will be feasible to maintain Q. garryana in the Willamette Valley 
using the same basic management strategies in place today. Competition with conifers is likely to 
continue to be a challenge for management, as it is today, but unlikely to increase to the point that 
management is no longer feasible. There is a possibility that warmer, drier summers will benefit the Oak 
and decrease competitive pressure, reducing the need for management intervention.  

The comparatively mild projected climate changes also suggest that variation in microclimate may be 
sufficient to provide climate refuges for this species under a range of changing conditions. We 
recommend evaluating the range of microclimatic conditions currently present in the Willamette and 
assess the extent to which current oak woodlands span this range. Protecting, or at a minimum 
preventing the loss of, woodlands across the spectrum of local microclimates provides a hedge against 
future climate changes. 

Preparedness actions: 

• Monitor and manage conifer (particularly Douglas Fir) growth and reproduction: Current issue, 
likely to remain relevant, could get slightly better or worse. High priority. 

• Develop a plan for wildfire management: Wildfires are projected to increase in frequency and 
intensity. High priority. 



• Assess the microclimatic variability of current of Oregon white oak woodlands. Ensure 
protection (or at a minimum avoid conversion) of woodlands across a wide range of 
microclimates to hedge against precipitation changes in either direction. Moderate priority. 

• Monitor and manage deer population/herbivory: Highly uncertain, warmer temperatures could 
increase winter survival and increase mule deer population leading to more herbivory. Low 
priority. 

• Monitor and manage disease/insect pests: Highly uncertain, some suggestions that warmer 
temperatures will increase insect outbreaks and disease, but no specific data for this system. 
Low priority. 

Expansion 
Land conversion to development and agriculture combined with Douglas Fir encroachment has reduced 
the extent of Oak woodlands to a fraction of their historical range (Larsen and Morgan, 1998).  Climate 
projections suggest that conditions may improve for this species in the Willamette Valley and even in 
some lower elevation areas adjacent to the Valley.  If Douglas Fir begins to die back due to increased 
summer drought or insect pest outbreaks, managers may be able to facilitate transformation to Oregon 
white oak and prairie systems (Bachelet et al., 2011). It should be highly feasible to expand oak 
woodlands occupying the ecotone between conifer and grassland as the conifer dies back. In fact, this 
transition may happen with little to no intervention. More difficult, but still possible, is the conversion of 
marginal agricultural lands to prairie or oak systems (Bachelet et al., 2011). However, it is important to 
keep in mind that as timber and agricultural lands become less economically productive, residential and 
commercial development becomes an attractive alternative land use. Existing planning policies in the 
Willamette limit rural development, but declining revenue from timber or agriculture may increase 
pressure to change those policies. Finding ways to mitigate these lost revenues may be critical to 
allowing oak expansion to take place. 

Preparedness actions: 

• Develop land use policies and conservation practices that support additional protection, 
conservation and restoration of native habitats. Oregon white oak woodlands and prairies 
provide a range of important ecosystem services. Additional conservation areas are needed, and 
these may be acquired through traditional land acquisition funding sources and techniques (e.g., 
Land and Water Conservation Funds for expanded or new National Wildlife Refuges, 
accompanied by the Payment in Lieu of Taxes to Counties program). A payment for ecosystem 
services program may ease the economic impact of loss of timber or agricultural productivity for 
private landowners (Bachelet et al., 2011). Another alternative is a transfer of development 
rights program or cluster development policy can generate income from development for 
landowners while also protecting native habitats. High priority.  

• Continue research on restoration techniques to transform former agricultural lands to oak 
woodlands and prairies. High priority. 



• Develop criteria for identifying areas for expansion of additional conservation and restoration 
areas. Think through how these criteria would change under different climate scenarios. 
Moderate to High priority. 

• Oregon white oak is likely to be significantly limited by dispersal capacity. If expansion into 
previously unoccupied areas upslope becomes attractive (e.g. to replace receding Douglas Fir 
forest), assisted migration (i.e., afforestation and reforestation) may be necessary to get oaks to 
these areas. Under what conditions would this strategy be acceptable? What types of policies or 
constraints would be needed to implement this strategy? Moderate to Low priority. 

Contraction  
While climate conditions are likely to remain within the range of tolerance of Q. garryana, ecological 
factors both known and unknown could make the Valley or at least particular sites within it unsuitable 
for this species. CO2 fertilization could favor conifer growth and increase competition, the appearance of 
a new disease or pest could decimate oak stands, precipitation during the growing period could increase 
and favor conifer establishment. While we believe that these outcomes are unlikely, they remain 
possible. In addition, even if the Valley overall remains suitable; individual sites may become climatically 
inhospitable for Oregon white oak. Managers should therefore think through how management might 
change and what actions would be appropriate for areas that decline in oak suitability. 

Preparedness actions: 

• Monitor oak regeneration, identify competing species which may become dominant, identify 
cause of oak decline. High priority. 

• Identify the most climate-resilient sites and focus land use policies and conservation practices 
that support additional protection and restoration of these high priority areas. (See for example, 
Michael Schindel, Shonene Scott, and Aaron Jones, The Nature Conservancy, 2013, Rogue Basin 
Oak Mapping and Climate Resilience, Report to the Medford District, BLM)  High priority.  

• Identify a desirable, and feasible, alternative habitat state, this depends on the source of oak 
decline. Use management to facilitate conversion to this alternative or at least avoid undesirable 
conditions. Low priority. 

• Identify alternative locations for oak establishment, again dependent on the source of oak 
decline. Low priority. For example: 

o CO2 fertilization advantage to Douglas Fir – possibly much drier locations could still 
confer a competitive advantage to Oregon white oak. Otherwise, may be difficult to 
maintain oaks. 

o Disease outbreak – dependent on disease ecology. 
o Increased summer precipitation favors Douglas Fir – locate dry “climate refuges” 

• Discuss and plan for assisted migration if desired. Low priority. 

Case Study Conclusions 
Oregon white oak populations in the Willamette Valley are a unique ecological system. Historically, oak 
savannas and associated prairies have been maintained through human intervention. Climate change 
projections and correlative and mechanistic models suggest that this basic relationship between humans 



and oak woodlands will remain necessary. Climate conditions are projected to remain within the range 
tolerated by Oregon white oak and increased summer drought may benefit this species. However, CO2 
fertilization may increase the drought tolerance of competitor species like Douglas Fir. Consequently, it 
is plausible to imagine that climate changes may have no impact or a slight positive or negative impact 
on the oak’s competitive relationship with conifers in the Willamette. From a management perspective, 
this suggests that drastic changes in management are not likely necessary. Instead, continuing current 
management activities and monitoring oak population dynamics is probably the most important 
management action. However, thinking through alternative plausible future scenarios for oak 
ecosystems will help managers prepare for alternative futures, should more drastic changes, which are 
not currently expected, occur.  
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 Appendix A: Workshop participants 
Attendance Agency/Organization Participant  

Attended FWS Chris Seal  Willamette Valley National Wildlife Refuge Complex 

Attended FWS Chuck Houghten  Refuge Planning (Regional Office) 

Attended FWS Erin Holmes  Tualatin River National Wildlife Refuge 

Attended FWS Jim Houk  Willamette Valley Conservation Study Refuges 
(Regional Office) 

Attended FWS Kate Freund  

Attended FWS Kevin O'Hara  Refuge Planning (Regional Office) 

Attended FWS Mary Mahaffy  

Attended FWS Rowan Baker  

Attended FWS Sam Lohr  Columbia River Program Office  Fisheries 

Attended FWS Scott McCarthy  Refuge Planning (Regional Office) 

Attended FWS Sharon Selvaggio  Willamette Valley National Wildlife Refuge Complex 

Attended FWS Stephen Zylstra  

Attended FWS Steve Caicco  Refuge Planning (Regional Office) 

Attended FWS Tom Miewald  

Attended NatureServe Patrick Crist  

Attended Oregon Department of Fish and 
Wildlife 

Andrea Hanson  

Attended Oregon Department of Fish and 
Wildlife 

Holly Michael  

Attended Oregon Metro Jonathon Soll  

Attended Oregon Metro Lori Hennings  

Attended Oregon State University Jimmy Kagan  

Attended TNC Michael Schindel  

Attended TNC Steve Buttrick  

Invited FWS Brian Gales  Refuge Fire Management (Regional Office) 

Invited FWS Damien Miller  Willamette Valley National Wildlife Refuge Complex 

Invited FWS David Patte  Climate Change,  Science Applications (Regional 
Office) 

Invited FWS Jarod Jebousek  Willamette Valley National Wildlife Refuge Complex 

Invited FWS Jock Beall  Willamette Valley National Wildlife Refuge Complex 

Invited FWS Joe Engler  Refuge Biology (Regional Office) 

Invited FWS Kathy Hollar  Partners for Fish and Wildlife (Regional Office) 

Invited FWS Mike Green  Migratory Bird Management (Regional Office) 

Invited FWS Pete Schmidt  Tualatin River National Wildlife Refuge 

Invited Oregon Fish and Wildlife Mikki Collins  Oregon Fish and Wildlife Office 

Invited Oregon Fish and Wildlife Rollie White  Oregon Fish and Wildlife Office 

Invited TNC Dan Bell  

 

  



Appendix B: Online resources for climate change adaptation planning 
 

Site Content URL 

Pacific Northwest Climate 
Change Vulnerability 
Assessment 

Climate change projects, data, and 
publications relevant to the Pacific 
Northwest (includes U.S. and 
Canada) 

www.climatevulnerability.org 

Climate Change Sensitivity 
Database 

Summarizes sensitivities of species 
and habitats of concern from the 
Pacific Northwest 

www.climatechangesensitivity.org 

Climate Wizard Historic and projected future climate 
variable data for the US or the world 

www.climatewizard.org 

NatureServe Climate 
Change Vulnerability Index 

Downloadable Excel workbook; 
categorizes animal and plant species 
by vulnerability 

www.natureserve.org/prodServices
/climatechange/ccvi.jsp 

System for Assessing 
Vulnerability of Species 
(SAVS) 

Questionnaire to evaluate 
characteristics of terrestrial 
vertebrate species and assign a 
SAVS score 

www.fs.fed.us/rm/grassland-
shrubland-
desert/products/species-
vulnerability/savs-climate-change-
tool/ 

Climate-FVS (forest 
vegetation simulator) 

Downloadable software to project 
the effects of climate change on 
forests and trees (currently for the 
western USA) 

www.fs.fed.us/fmsc/fvs/whatis/cli
mate-fvs.shtml 

 
  



Appendix C: Pacific Northwest Climate Change Vulnerability Assessment 
Data Products Table 
 

Data 
Product 

Lead 
Researcher 

# of species/ 
systems 

Climate data inputs 

Current 
Status 

Data 
Availability Link Year 

Emissions 
Scenario Dataset 

Sensitivity 
Database 

Michael 
Case 

As of May 
2013 > 150 
species and 
sub-species.  n/a n/a n/a On going 

Publicly 
Available http://climatechangesensitivity.org/ 

Vertebrate 
Climate 
Envelope 
Models 

Jesse 
Langdon 350 

mean 
of 

2070-
2099 A2 USGS Complete 

Publicly 
available 

on website https://www.climatevulnerability.org/ 
Tree 
Species 
Climate 
Envelope 
Models 

Michael 
Case 11 

mean 
of 

2070-
2099 A2 WNA 

Preliminary 
results 

available By request https://www.climatevulnerability.org/ 
Vegetation 
system 
climate 
envelope 
models 

Michael 
Case 100 

mean 
of 

2070-
2099 A2 WNA 

Preliminary 
results 

available By request https://www.climatevulnerability.org/ 

Species 
population 
models 

Chad 
Wilsey 

To be 
determined,  
maximum of 
12 

mean 
of 

2070-
2099 

 A1B and 
A2 USGS In progress 

Preliminary 
results by 
8/13, final 
results by 

8/14  https://www.climatevulnerability.org/ 
Process-
based 
Vegetation 
Range Shift 
Models 

Sarah 
Shafer, 
USGS n/a 

mean 
of 

2070-
2099 A1B USGS 

Preliminary 
results 

available 

Contact 
Sarah 

Shafer, 
USGS   

Downscaled 
Climate 
Variables 

Sarah 
Shafer, 
USGS n/a 

mean 
of 

2070-
2099 

A1B and 
A2 USGS Complete 

Contact 
Sarah 

Shafer, 
USGS   

Land Facets 
Carrie 
Schloss n/a n/a n/a n/a Complete By request   

Climate 
Adaptation 
Case 
Studies 

Julia 
Michalak n/a Dependent on Dataset 

Preliminary 
results 

available By request https://www.climatevulnerability.org/ 
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Appendix D: Pacific Northwest Climate Change Vulnerability Data 
Products Description with Summary of Strengths and Weaknesses 
 

Downscaled Climate Datasets and Variables  

The Vulnerability Assessment project uses the output of five general circulation models, or GCMs: 
CCSM3, CGM3, GISS-ER, UKMO-HadCM3, and MIROC3.2. These models have been evaluated extensively 
for their ability to reproduce recent climate changes and project future climate variables. For detailed 
information about GCMs in general or the specific models we used, see IPCC (2007). We also used two 
of the emissions scenarios developed by the Fourth IPCC Assessment, namely the A2 (a relatively high 
emissions scenario resulting from a heterogeneous world with high population growth, slow economic 
development and slow technological change) and A1B (a medium emission scenario resulting from rapid 
economic growth and rapid technological change in the direction of both fossil-intensive and non-fossil 
energy resources) scenarios (Nakicenovic and Swart, 2000).  

Table 4 shows directly calculated and derived climate variables developed for the Vulnerability Assessment and used as 
inputs into the various ecological models. Not all variables were used in all models 

Time 
scale 

Variable 
Type Variable 

WNA 
Data 

USGS 
Data Units Description 

An
nu

al
 

Di
re

ct
ly

 C
al

cu
la

te
d 

mean annual temperature yes yes °C   

mean warmest month 
temperature yes no °C   

mean coldest month temperature yes no °C   

Continentality yes yes °C 
temperature difference between 
warmest and coldest months 

mean annual precipitation yes no mm mean of total annual precipitation 

Annual precipitation range No yes mm wettest month minus driest month 

annual heat:moisture index yes no index 
annual heat:moisture index 
(MAT+10)/(MAP/1000)) 

summer heat:moisture index yes no index 
summer heat:moisture index 
((MWMT)/(MSP/1000)) 

De
riv

ed
 

Chilling degree-days yes yes # of days degree-days below 0°C 

Growing degree-days yes yes # of days degree-days above 5°C 

Heating degree-days yes no # of days degree-days above 18°C 

Cooling degree-days yes no # of days degree-days below 18°C 

Chilling period No yes # of days 
number of days with temperature 
<= 5 °C 

the number of frost-free days yes no # of days degree-days above 0°C 

frost-free period yes no # of days length of the frost free period 

Start of Frost Free Period yes no 
Julian 
date the Julian date on which FFP begins 



Time 
scale 

Variable 
Type Variable 

WNA 
Data 

USGS 
Data Units Description 

End of Frost Free Period yes no 
Julian 
date the Julian date on which FFP ends 

precipitation as snow yes no mm 

Total amount between August in 
previous year and July in current 
year 

extreme minimum temperature 
over 30 years yes no °C 

extreme minimum temperature 
over 30 years 

Hargreaves reference evaporation yes no index Hargreaves reference evaporation 
Hargreaves climatic moisture 
deficit yes no index Hargreaves climatic moisture deficit 

Annual actual evapotranspiration No yes mm 

Actual evapotranspiration is the 
amount of water actually removed 
from the earth's surface due to 
evaporation and transpiration 

Annual potential 
evapotranspiration No yes mm 

Potential evapotranspiration is a 
measure of the ability of the 
atmosphere to remove water from 
the earth's surface. It is dependent 
on sun energy and wind and 
assumes that sufficient water is 
available to meet the evaporation 
need. 

Annual actual evapotranspiration 
for days > -4 °C No yes mm 

Actual evapotranspiration is the 
amount of water actually removed 
from the earth's surface due to 
evaporation and transpiration 

Annual potential 
evapotranspiration for days > -4 °C No yes mm 

Potential evapotranspiration is a 
measure of the ability of the 
atmosphere to remove water from 
the earth's surface. It is dependent 
on sun energy and wind and 
assumes that sufficient water is 
available to meet the evaporation 
need. 

Annual actual evapotranspiration 
for days > 5 °C No yes mm 

Actual evapotranspiration is the 
amount of water actually removed 
from the earth's surface due to 
evaporation and transpiration 



Time 
scale 

Variable 
Type Variable 

WNA 
Data 

USGS 
Data Units Description 

Annual potential 
evapotranspiration for days > 5 °C No yes mm 

Potential evapotranspiration is a 
measure of the ability of the 
atmosphere to remove water from 
the earth's surface. It is dependent 
on sun energy and wind and 
assumes that sufficient water is 
available to meet the evaporation 
need. 

Moisture index No yes index 

(annual actual 
evapotranspiration/annual 
potential evapotranspiration) 

Moisture index for days > -4 °C No yes index 

(annual actual 
evapotranspiration/annual 
potential evapotranspiration) 

Moisture index for days > 5 °C No yes index 

(annual actual 
evapotranspiration/annual 
potential evapotranspiration) 

Total annual snow No yes mm 
Total amount of snow fall over the 
course of one year 

Se
as

on
al

 

Di
re

ct
ly

 C
al

cu
la

te
d 

winter mean temperature  yes yes °C Dec.(prev. yr) - Feb. 

spring mean temperature yes yes °C Mar. - May 

summer mean temperature yes yes °C Jun. - Aug. 

autumn mean temperature yes yes °C Sep. - Nov. 
winter mean maximum 
temperature yes no °C Dec.(prev. yr) - Feb. 

spring mean maximum 
temperature yes no °C Mar. - May 

summer mean maximum 
temperature yes no °C Jun. - Aug. 

autumn mean maximum 
temperature yes no °C Sep. - Nov. 

winter mean minimum 
temperature yes no °C Dec.(prev. yr) - Feb. 

spring mean minimum 
temperature yes no °C Mar. - May 

summer mean minimum 
temperature yes no °C Jun. - Aug. 
autumn mean minimum 
temperature yes no °C Sep. - Nov. 

winter precipitation yes yes mm 
Mean total precipitation for 
Dec.(prev. yr) - Feb. 

spring precipitation yes yes mm 
Mean total precipitation for Mar. - 
May 

summer precipitation yes yes mm 
Mean total precipitation for Jun. - 
Aug. 



Time 
scale 

Variable 
Type Variable 

WNA 
Data 

USGS 
Data Units Description 

autumn precipitation yes yes mm 
Mean total precipitation for Sep. - 
Nov. 

winter actual evapotranspiration no yes mm 
Mean total precipitation for 
Dec.(prev. yr) - Feb. 

spring actual evapotranspiration no yes mm Mar. - May 

summer actual evapotranspiration no yes mm Jun. - Aug. 

autumn actual evapotranspiration no yes mm Sep. - Nov. 

winter potential 
evapotranspiration no yes mm Dec.(prev. yr) - Feb. 

spring potential 
evapotranspiration no yes mm Mar. - May 

summer potential 
evapotranspiration no yes mm Jun. - Aug. 

autumn potential 
evapotranspiration no yes mm Sep. - Nov. 

winter moisture index no yes mm Dec.(prev. yr) - Feb. 

spring moisture index no yes mm Mar. - May 

summer moisture index no yes mm Jun. - Aug. 

autumn moisture index no yes mm Sep. - Nov. 

M
on

th
ly

 

Di
re

ct
ly

 C
al

cu
la

te
d 

maximum mean temperatures for 
the warmest month yes yes °C   

minimum mean temperatures for 
the coldest month yes yes °C   

precipitation for the wettest 
month yes yes mm   

precipitation for the driest month yes yes mm   
 

Climate Envelope Models 
This dataset includes modeled results for recent historical (1961-1990) and future (2070-2099) climate 
suitability for over 350 terrestrial animal species, 11 tree species, and 100 ecosystems. This part of the 
project uses climate-envelope models, a correlative statistical approach. As their name implies, these 
models identify climate variables that are correlated with current species range boundaries allowing us 
to define the climate space (or envelope) occupied by a given species or ecosystem.  We then apply 
these statistical relationships to projected future climate data to project where, on the landscape, a 
species’ “climate envelope” is likely to be in the future (Pearson and Dawson, 2003). Although climate 
envelope models have their shortcomings (e.g., they do not take evolution, dispersal, or biotic 
interactions into account), they often predict range changes similar to those observed for many species 
over the last century effectively (Green et al., 2008).  For the vertebrate models, once projected range 
shifts were completed, projections were further refined by limiting projected distributions to areas with 



suitable land-uses and projected suitable biome types.  For example, for species unable to live in urban 
landscapes, areas currently defined as urban were mapped as unsuitable. 

• Strengths  
o Transparent: comparatively simple modeling approach based on the straightforward 

relationship between species geographic distribution and climate conditions 
o Reasonably accurate: climate envelope models have successfully re-created historical 

range shifts for many species 
o Fast: able to implement models for many species in a relatively short time 
o Spatially explicit: provide spatial projections of future species locations, information that 

is critical for conservation planning 
• Limitations 

o Only provides information about areas that will be climatically suitable in the future, 
does not account for non-climate factors such as dispersal ability, competition, and 
other inter-specific interactions 

o Current distribution may be limited by non-climate factors, these are not captured in 
the models and add uncertainty to the projections 

o Models are built from maps of present day distributions. If these maps have errors at 
fine scales, then areas of projected expansion or contraction will be inaccurate. 

o Most accurate at continental scales 

Species Sensitivity Database 
This digital database uses a combination of expert review panels, literature searches and digital 
databases to summarize the inherent climate sensitivities for species and habitats of concern 
throughout the Pacific Northwest. Species of concern have been included from a range of taxa including 
vascular and non-vascular plants, invertebrates, intertidal species, birds, mammals, reptiles, amphibians, 
etc. The database provides resource managers and decision makers with basic and important 
information about how species and systems will likely respond to climate change based on a series of 
life history characteristics: generalist/specialist, physiology, life history, habitat, dispersal ability, 
disturbance regimes, ecology, non-climate related threats, and other factors. Species experts assign 
each species/system a numeric ranking (1 being the least sensitive and 7 being the most sensitive to 
climate change) for each of these life history categories based on best available science (see Table 2 for 
more details). Additional specific questions are included for each category to highlight particular life 
history characteristics that drive climate change sensitivity. For example, the average length of time to 
reproductive maturity could influence a species ability to adapt to changing conditions. In addition, 
experts also assign a confidence ranking to each sensitivity score that indicates how certain the best 
available science is for that particular category.  

  



Table 5 summarizes the criteria used to rank species sensitivity in the sensitivity database. Examples provide an illustration 
of the criteria 

Category Description 

Example 

Species 

Sensitivity 
(7 = most 
sensitive, 1 
= least 
sensitive) 

Confidence 
(5 = very 
good, 1 = 
very poor) Explanation 

Generalist/ 
Specialist 

Broadly, where does this species fall on 
the spectrum of generalist to specialist? 
Specialists are considered more sensitive 
to climate change than generalists 

Taylor's 
checkerspot 
butterfly 
(Euphydryas 
editha taylori) 

6 5 

Foraging dependency and 
climate sensitive phenology 

Physiology 

Physiological sensitivity is directly 
related to a species' physiological ability 
to tolerate changes in temperature, 
precipitation, salinity, pH, and CO2 that 
are higher or lower than the range that 
they currently experience. If a species 
can tolerate a wide range of these 
variables, it would be deemed less 
sensitive. 

Van Dyke's 
Salamander 
(Plethodon 
vandykei) 

7 4 

Extreme sensitivity to 
temperature and precipitation 
changes. 

Life History 

Reproductive life history characteristics 
that may affect adaptive capacity 
including r-selection (many offspring, 
short generation time) versus k-selection 
(few offspring, high parental investment) 
reproduction strategies, frequency and 
timing of reproduction and length of 
time to reproductive maturity. 

American 
Marten (Martes 
americana) 

6 5 

 Optimally, two offspring per 
reproductive event and one 
reproductive event a year. 

Habitat 
Is the species dependent on climate 
sensitive habitats? How dependent? 

Chinook 
Salmon 
(Oncorhynchus 
tshawytscha) 

7 5 

Dependent upon coastal 
Lowlands/Marshes/Estuaries/B
eaches, seasonal streams, 
wetlands/vernal pools 

Dispersal 
Ability 

The maximum average distance a 
species will likely move within one year 
to establish a new population in a more 
suitable habitat. Are there landscape 
elements that would prevent this 
species from moving in response to 
climate change?  

Coeur d' Alene 
salamander 
(Plethodon 
idahoensis) 

6 2 
No known data exist on 
dispersal, but as this species is 
lungless and dependent of 
seep and waterfall zones to 
remain moist, dispersal is 
probably very limited 



Category Description 

Example 

Species 

Sensitivity 
(7 = most 
sensitive, 1 
= least 
sensitive) 

Confidence 
(5 = very 
good, 1 = 
very poor) Explanation 

Disturbance 
Regimes 

Is the species sensitive to different types 
of disturbance (e.g. fire, flooding, 
disease) that may be affected by climate 
change. This relationship may be either 
positive or negative. 

Slickspot 
peppergrass 
(Lepidium 
papilliferum) 
Idaho 

7 3 

Highly sensitive to fire, 
flooding and drought 

Ecology 

How sensitive are ecological 
relationships such as foraging, predator 
prey relationships, and competition to 
climate change? 

Western Toad 
(Anaxyrus 
(=Bufo) boreas) 
- North 
Cascades, 
Olympics 

7 5 

Highly sensitive forage, 
predator/prey, habitat, 
hydrology, competition, and 
disease ecology. 

Interacting 
Non-
climatic 
Stressors 

What other stressors may make this 
species more sensitive to climate change 
(e.g. habitat loss, invasive species 
competition, etc.)? 

Northern 
Spotted Owl 
(Strix 
occidentalis 
caurina) 

6 4 
Habitat loss and degradation, 
competitive interaction with 
Barred Owls 

Other 
(weight) 

Any other factor not previously 
mentioned that would affect this species 
sensitivity to climate change.   

      

      

      

      

• Strengths 
o Provides detailed natural history information for specific species and habitats tailored to 

assessing climate change sensitivity 
o Information does not rely on climate projections or assumptions about future climate 

conditions 
o Highlights known and logical climate sensitivities 
o Transparent information – all information leading to the final ranking of sensitivity is 

available and ranking process is transparent (as opposed to complex model results 
which require expert knowledge to understand and interpret) 

o The database is easily updated as new information becomes available 
• Limitations 

o Information for many species is limited and so much of the information included is 
based on expert judgment  

o Species are entered and updated by experts so keeping information current is 
challenging 

o Assessment of species sensitivity is often based on assumed (not tested) relationships 



Lund-Potsdam-Jena Dynamic Global Vegetation Model (LPJ-DGVM) 
Future climate changes will alter vegetation both directly via changes in climate and indirectly via 
changes in climate-driven disturbance regimes.  We simulated future vegetation responses to climate 
change in the Pacific Northwest using the LPJ (Lund-Potsdam-Jena; Sitch et al., 2003), a dynamic global 
vegetation model.  This model simulates the distributions and productivity of plant functional types 
(PFTs), such as grass or evergreen needle-leaved trees, using a variety of mechanistic processes (e.g., 
photosynthesis, resource competition, population dynamics, etc.).  The PFTs were combined to define 
major habitat types, such as grassland or subalpine forest.  These vegetation models simulate the 
physiological responses of plants to changes in atmospheric CO2 concentrations—an important feature 
for accurately simulating vegetation responses to future climate change.  

The vegetation models are driven by the downscaled modern and future climate data, soil data (CONUS-
Soil, Miller and White (1998); Global Soil Data Task 2000), and annual atmospheric CO2 concentrations 
(Nakicenovic and Swart, 2000).  Modern vegetation simulations were evaluated using Advanced Very 
High Resolution Radiometer (AVHRR) derived vegetation cover and other land-cover datasets (e.g., 
Hansen et al., 2003). 

• Strengths  
o Is a mechanistic, process-based model and so relies on our understanding of causative 

relationships between ecological processes rather than statistical correlations. 
o Incorporates more complex ecological interactions that are important known drivers of 

vegetation composition including: CO2 concentrations, photosynthesis, plant growth, 
fire disturbance, and soil moisture. 

o Spatially explicit. 
• Limitations 

o Only models plant functional types, not individual species or vegetation systems. 
o As a more complex model, it is more difficult to understand what relationships and 

factors drive a particular result. 
o Relationships are based on empirically established functions, but are generalized and so 

may be problematic for particular locations. 
o Parameterization and definition of plant functional types involve decisions made by the 

modeler and changes in those decisions may lead to very different results. 
o The model projects increases in woody vegetation in many places.  This is likely to 

increased water-use efficiency.  The relationship between increases in CO2 
concentrations and water-use efficiency is based on a relatively small number of studies 
on specific species and thus may over or underestimate this effect. 

Land Facet Analysis 
One potentially promising strategy for protecting biodiversity in a changing climate is based on the idea 
of protecting the diversity of abiotic conditions, categorized into unique combinations called “land 
facets,” that influence patterns of biodiversity (Anderson and Ferree, 2010; Beier and Brost, 2010). This 
approach has been described as “conserving the ecological stage” or protecting “enduring features”, 



referring to terms used by Beier and Brost (2010) and Anderson and Ferree (2010), respectively.  Species 
distributions, communities, ecosystems, and broader patterns of biodiversity are clearly influenced by 
abiotic drivers such as soils, geology, topography, and climate.  Whereas climates will change relatively 
rapidly over the coming century, soils, geology, and topography will remain the same.  Thus, local, and 
some regional, climate patterns and gradients influenced by topography will persist (e.g., higher 
elevations will still be cooler than lower elevations, although both will likely be warmer) as climates 
change.  The goal of this approach is to protect a diversity of land facets within each conservation 
reserve system. The assumption behind this approach is that the diversity of land facets will support a 
diversity of ecosystem types —even as the individual species and habitat types, the “actors” on the 
“stage,” change over time. This is therefore not a strategy aimed at protecting specific species or 
habitats, but rather an approach to maintaining high levels of biodiversity in general.  

Strengths: 

• Does not rely on climate projections or climate envelope models and therefore avoids having to 
address the variability and uncertainty inherent in those model projections 

• Land facets can be mapped at a scale fine enough to inform even very local conservation 
planning decisions 

• Can be applied in data poor areas 

Limitations: 

• The methods used to categorize land facets have a very significant impact on the number and 
type of facets identified. Depending on the variables included, the statistical approach used, and 
the scale of analysis, very different land facets are identified. For example, variables used to 
categorize land facets are often continuous, but must be lumped into discrete categories (e.g. 
elevation, slope). Even discrete categories like soil type can be lumped or split into many 
different classifications.  

• They are based on the assumption that biodiversity correlates with land facet diversity.  
• The approach is dependent on soil data availability. 
• Although the theory linking land facets and biodiversity is sound, it is difficult to test given 

currently poor data on species distribution and abundance. In particular areas, there may not be 
a clear understanding of how land facet types relate to current biodiversity. 

• A land facet approach does not target specific species or ecosystem types, but rather assumes 
that individual conservation targets will turnover over time. 

  



Appendix E: Guidance for Selecting Climate Scenarios 
While climate science and models are always improving, the complexity of climate change and 
subsequent ecological responses means that all future projections have a degree of uncertainty 
associated with them. To some extent, this uncertainty can be reduced by improving model 
performance and looking for agreement among multiple models and emissions scenarios (Littell et al., 
2011). Because each climate model uses slightly different assumptions about how climate variables 
interact, if the models all project a similar future change, we can feel more confident that a particular 
result is likely. However, in many cases, model agreement does not exist and additional modeling efforts 
are likely to increase variability in future projections (Maslin and Austin 2012). Designing effective 
management under this uncertainty is challenging, but there are several established approaches that 
can help managers. Figure 1 outlines the pros and cons of selecting different climate model 
combinations for adaptation planning.  

Selecting climate scenarios: where to start? 

Initially focusing on one future scenario is a good place to start during the early exploratory phase of 
planning. Focusing on one initial scenario can help planners identify how climate is likely to impact their 
management system and begin to identify potential management actions. Planners should select which 
projection to focus on depending on their management goal and planning objective. If there is 
significant agreement among models, it is logical to focus on the “most likely” future. Other possibilities 
include selecting the ensemble mean of all models or selecting the worst (most drastic change) or best 
(least drastic change) case scenarios. Figure 1 explains the benefits and risks of different model 
selections. 

The danger of focusing on one projected future condition is that planners can be lulled into a false sense 
of certainty, leaving them unprepared if/when future changes do not match their selected scenario. In 
addition, even if all models agree about the direction of change, there will still variability in the rate of 
change. Therefore, once planners have a basic understanding of how climate changes can impact their 
system and the types of actions that may be needed, they should bring in additional climate scenarios. 
Including multiple projected futures will help test whether proposed management actions are “robust” 
to multiple possible futures and if not robust, then flexible (see Box 1).  

Selecting Climate Scenarios: Agreement about direction, uncertainty about rate of change 

For many variables, such as temperature change and related variables (e.g. number of frost free days, 
amount of precipitation falling as snow, etc.), there is strong agreement about the direction of change; 
i.e. we know average temperatures will increase; amount of precipitation falling as snow will decrease. 
The uncertainty associated with these variables surrounds the rate and subsequently the extent of 
change (for any given year). For example, as temperatures increase we expect to see an increase in the 
number of frost-free days, a lengthening of the growing period, an increase in the number of heating 
degree days. The rate of change correlates fairly predictably with the rate of warming, which itself 
depends on levels of anthropogenic greenhouse gas emissions. Other variables such as amount of 
precipitation as snow depend on both precipitation and temperature. In this case, all models still project 



a reduction in the amount of precipitation as snow for the PNW, but the extent of change is slightly 
more complex because it depends on both amount of precipitation, which is highly variable, and 
temperature change.  

If models agree about the direction of change for key drivers of your management system, it makes 
sense to select the mean, least and/or most drastic change scenarios to guide the planning process. If 
ecological conditions respond linearly with temperature change, then the types of management actions 
that will be effective are likely to be similar among all future scenarios, while the extent or rate at which 
they are implemented could need to vary depending on the rate of change experienced. However, if 
there is a threshold of change beyond which ecological response changes dramatically, then developing 
alternative plans for before and after the threshold is crossed will be important. For example, a species 
can shift upslope (or be assisted to shift upslope) until there is no longer any higher elevation ground 
available. At that point, alternative management action might be necessary, such as assisted migration 
to a new location. 

 

Selecting Climate Scenarios: Uncertainty about direction and magnitude/rate of change 

Although there is significant agreement about temperature related variables, there is considerably less 
agreement about precipitation changes and more complex climate variables such as potential 
evapotranspiration. Model projections of precipitation changes often vary widely for both the amount 

Box 1: Robust versus Flexible Strategies 

“Robust” – a robust action is one that will be effective under multiple future climate conditions. At a 
minimum, these are “no regrets” or “win-win” actions. If you can answer yes to either of the following 
questions, your planning action can be considered robust: 

• Does implementing this action help us meet our management goal even if no climate change takes 
place? Example: improving habitat connectivity will benefit ecological resilience regardless of 
climate change. 

• Does the action improve resource condition under divergent future conditions? Example: because 
there is great certainty that temperatures will rise, protecting or restoring vegetated stream buffers 
will help keep streams cool and improve habitat condition under all projected future changes.  

“Flexible” - It may not always be possible to find a robust management action. For example, a particular 
action may be critical if precipitation decreases in the future but unnecessary or harmful if precipitation 
increases. In this case, it is important to design the management action to be flexible. An action is flexible if: 

• The action is relatively easily reversed once implemented. Example: using prescribed burns to 
reduce fuel loads. The decision to burn is made annually and therefore prescribed burning can be 
discontinued if it becomes unnecessary or harmful. In contrast, introducing a species to a new area 
is very difficult to reverse if the introduction is successful. 

• The action can be altered if change occurs more rapidly or dramatically than expected. Example: 
having a basic assisted migration plan in place, but waiting to actually introduce species until 
enough evidence suggests that it is necessary.  

 



and even direction (increase or decrease) of change. When looking at an average across all models (the 
ensemble mean), the PNW is projected to see a very slight increase in total annual precipitation of 1-2%. 
However, individual model projections show either an increase or decrease in total precipitation as well 
as different degrees of seasonal change (Mote and Salathe Jr, 2010).  If there is disagreement among 
models in both the direction and magnitude of change, it may be important for planners to consider two 
or three highly divergent climate scenarios, e.g. a drier and a wetter future climate. Selecting divergent 
climate futures will allow planners to test their management plans for robustness and flexibility.  

 

Figure 16 illustrates the pros and cons of different model selection approaches 

  



Appendix F: Climate Adaptation Literature 
Papers and reports from the climate adaptation literature, sorted from more general to 
more specific. Full citation information is provided in the Literature Cited section.  
Abbreviations: ACT = adaptation for conservation targets, CC = climate change, NWR = 
National Wildlife Refuge, ONF = Olympic National Forest, ONP = Olympic National Park, TNC 
= The Nature Conservancy. 

Title Focus Citation 

Biodiversity management in the face of 
climate change: a review of 22 years of 
recommendations 

Review of adaptation actions 
across systems and scales 

(Heller and 
Zavaleta, 2009) 

A review of climate-change adaptation 
strategies for wildlife management and 
biodiversity conservation 

Review focused on biodiversity 
conservation 

(Mawdsley et 
al., 2009) 

Climate change adaptation strategies for 
resource management and conservation 
planning 

General principles and tools for 
managing natural resources 
under climate change 

(Lawler, 2009) 

The Adaptation for Conservation Targets 
(ACT) Framework: a tool for 
incorporating climate change into natural 
resource management 

General approach for climate 
adaptation planning (ACT 
framework, with case study for 
Yellowstone River, USA) 

(Cross et al., 
2012) 

Redesigning biodiversity conservation 
projects for climate change: examples 
from the field 

Incorporating CC in 
conservation strategies from 
TNC plans (across systems and 
countries) 

(Poiani et al., 
2011) 

Adapting to climate change: a planning 
guide for state coastal managers 

Adaptation actions for coastal 
systems of the USA 

NOAA (2010)  

Climate change adaptation for the US 
National Wildlife Refuge system 

Adaptation actions for NWRs in 
the USA 

(Griffith et al., 
2009) 

Managing for multiple resources under 
climate change: national forests 

Adaptation actions for National 
Forests in the USA 

(Joyce et al., 
2009) 

Climate change and river ecosystems: 
protection and adaptation options 

Predicted impacts and 
adaptation actions for rivers 
and their watersheds 

(Palmer et al., 
2009) 

Climate change in grasslands, 
shrublands, and deserts of the interior 
American West: a review and needs 
assessment 

Predicted impacts and 
adaptation for systems of the 
interior western USA 

(Finch, 2012) 

Adapting to climate change at Olympic 
National Forest and Olympic National 
Park 

Adaptation actions (across 
systems) in ONF and ONP 

(Halofsky et al., 
2011) 



Title Focus Citation 

Application of structured decision making 
to an assessment of climate change 
vulnerabilities and adaptation options for 
sustainable forest management 

Forest management 
application in southwest 
Yukon, Canada 

(Ogden and 
Innes, 2009) 

 



Appendix G: Full page climate and range shift maps 

 

Figure 17 Projected Mean Annual Precipitation 

 



 

Figure 18 Projected spring precipitation change 



 

 

Figure 19 projected winter precipitation change 



 

Figure 20 Projected summer precipitation change 



 

 

Figure 21 Projected autumn precipitation change 



 

Figure 22 Projected Northern Red-legged Frog habitat suitability 



 

Figure 23 Projected Western Meadowlark habitat suitability 



 

Figure 24 Projected Short-eared Owl habitat suitability 



 

Figure 25 Projected Willow Flycatcher habitat suitability 



 

Figure 26 Projected White-breasted Nuthatch habitat suitability 



 

Figure 27 Projected Townsend's Big-eared Bat habitat suitability 



 

Figure 28 Projected American Beaver habitat suitability 



 

Figure 29 Projected Purple Martin habitat suitability 



 

Figure 30 Projected Grasshopper Sparrow habitat suitability 



 

Figure 31 Projected Yellow-breasted Chat habitat suitability 



 

Figure 32 Projected Western Red Cedar habitat suitability Results for this species are preliminary and only include four out of 
five climate models. 



 

Figure 33 Projected Oregon White Oak habitat suitability 
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