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HISTORICAL AND PROJECTED CLIMATE  
 
The Columbia River Gorge Scenic Area, Mt. Hood National Forest, and Willamette National 
Forest (CMW) assessment area is characterized by complex terrain and large elevational and 
climatic gradients that extend across the Cascade Mountains. Elevations typically range from 
1000 to 2000 m across the region’s interior. However, the lowest elevations of the CMW 
assessment area are near sea-level, while Mount Hood and Mount Jefferson both rise above 
3,000 m at the highest elevations. Annual precipitation often exceeds 2000 mm on the west side 
of the Cascades. However, the Cascade Mountains create a significant rain shadow effect, and 
on the drier east side of the Cascade Mountains, annual precipitation averages less than 400 
mm per year. The precipitation regime of the region is classified as Mediterranean, with nearly 
70 percent of the annual precipitation falling from November through March. During the 
summer, the region typically experiences extended periods of drought and high temperatures 
with, on average, only 7 percent of total precipitation occurring between June and August. 
 
There has not been a significant long-term trend in total annual precipitation in the CMW 
assessment area across the historical period of record. However, average temperatures across 
the region have increased over the last century. These measured temperature increases are 
driven by climate change and are expected to increase in the future with continued greenhouse 
gas emissions.  
 
Overall, projections suggest that there will be significantly warmer temperatures across the 
CMW assessment area, with no significant changes in annual precipitation. However, future 
temperature increases are dependent on the rate of greenhouse gas emissions. Different 
emissions and warming scenarios are typically described by relative concentration pathways 
(RCPs) that account for changes in radiative forcing that result from differing rates of 
greenhouse gas emissions. In this assessment, two primary RCPs are considered. The first 
RCP represents a scenario where emission rates are significantly reduced and significant 
actions to mitigate climate change are taken (RCP 4.5). The other RCP represents a “business 
as usual” scenario where greenhouse gas emissions continue to increase at their current rates 
and climate change mitigation actions are not taken (RCP 8.5).  
 
Future temperature projections under RCP 4.5 initially track closely to those under RCP 8.5, but 
diverge around the mid-21st century, with significantly more warming occurring under RCP 8.5 
by the end of the century. By 2100 the average projected temperature increase under RCP 4.5 
is approximately 2 °C, with a range of 1.2 °C to 2.7 °C. Projections under RCP 8.5 indicate that 
temperatures in the assessment area will likely increase by 3.3 °C to 5.7 °C, with an average of 
4.6 °C.  
 
While there is agreement among all climate models that temperatures will increase through the 
21st century across the assessment area, there is considerably more uncertainty around 
changes in future precipitation. The majority of the climate models considered in this 
assessment project little change or very slight increases in average annual precipitation. 
Despite uncertainty around precipitation projections, significantly warmer temperatures 
combined with little change in incoming precipitation will likely lead to increasing summer water 
deficit across the CMW assessment area. Climatic water deficit (CWD), an indicator of drought 
severity, is projected to increase by at least 83 percent to as much as 216 percent, depending 
on elevation and future temperature increases. Increasingly severe drought conditions, 
combined with reductions in winter preciptiation falling as snow, will likely have significant 
impacts on growing season length and may increase the vulnerability of forest and water 
resources across the CMW assessment area. 



4 
 

 

 

Average monthly temperatures and precipitation totals for the CMW assessment area from 
1970-1999. Average monthly precipitation is shown in blue bars. The black line shown average 
monthly temperatures, with the grey area representing the range between average monthly 
maximum and minimum temperatures. Temperature and precipitation data were obtained from 
the PRISM dataset (Daly et al. 2001). 
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Average historical annual temperatures across the CMW assessment area. Annual 
temperatures were calculated using an area-weighted average of Oregon climate divisions 2, 4, 
and 6 using temperature records obtained from the NOAA United States Climate Division 
dataset. 
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Projected average annual temperatures (top) and precipitation (bottom) for the CMW 
assessment area through the end of the 21st century. Average values (solid lines) and standard 
deviations (shaded regions) were calculated from 31 global climate models under low (RCP 4.5) 
and high (RCP 8.5) greenhouse gas emission scenarios. Dashed lines are fitted to the annual 
time series. 
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Historical and projected monthly mean precipitation (top), mean temperature (middle), and 
mean temperature change (bottom) patterns under the RCP 8.5 climate change scenario. Black 
lines represent historical values, calculated from PRISM. Future projections were calculated 
from 28 global climate modesl from the NASA NEX-DCP30 climate dataset. Gray bands 
represent the minimum and maximum values across 28 global climate models. The five 
selected global climate models explored in this assessment are shown as colored lines. 
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VULNERABILITY ASSESSMENT — HYDROLOGY AND WATER RESOURCES 
 
Climate change affects physical hydrological processes and resource values that are influenced 
by hydrology, including water available for human uses, water quality, roads and developed 
infrastructure. Climate change is altering the amount, timing and type of precipitation, with less 
snow, receding glaciers, more winter precipitation as rain, and earlier snowmelt. Anticipated 
streamflow changes include higher winter peak flows associated with increased rain and rain-
on-snow in mid to higher elevations, and overall declines in summer baseflows, with 
consequences for stream channels and physical aquatic habitat. Hydrologic impacts will vary 
across watersheds as topographic and geologic variability mediate some expected change. 
Slower groundwater recession in areas with younger more porous volcanic rocks may dampen 
peak flow increases and summer low flow declines. Increasing temperature and changes in the 
amount and timing of precipitation and runoff will also affect water quality, water availability, 
soils, and vegetation with broad implications to water resource management. 
Hydrologic effects of warming climate include diminishing high elevation snow packs, receding 
glaciers, expansion of rain and rain-on-snow zones, declining summer low flows, and changes 
in timing and increased magnitudes of peak flows. Climate effects on streamflows are strongly 
influenced by topography and geology, with complex interactions at multiple scales. Areas with 
highly porous bedrock have more groundwater storage mediating runoff but will experience less 
snowmelt contributions over time, and areas adjoining melting glaciers may temporarily gain 
runoff with more localized flooding and sediment inputs. Places of greatest change for peak and 
low flows are in the mid to higher elevations and major low-elevation tributary rivers and 
streams. 

Relative geologic storage of water 
across the CMWAP assessment 
area. The inverse of K, or 1/K, is 
the number of days for the flow rate 
to fall to 1/e from an initial flow rate 
(e is Euler’s number used in natural 
logarithms and has a value of about 
2.71828). Small K values have 
longer recession, in this case about 
6 weeks, whereas higher K values 
reflect about a 2-week recession to 
1/e times original flow. The longest 
recessions are mapped in the 
younger volcanics of the High 
Cascades subprovince in the 
vicinity of Mt. Hood and the upper 
McKenzie River. 
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Modeled percent change in April 1 snow water equivalent (SWE) from historical data (1975–
2005) to 2080s (2071–2090) using a 20 global climate model ensemble mean. From the 
National Forest Climate Change maps project, details about modeling approach and data used 
can be found at https://www.fs.fed.us/rm/boise/AWAE/projects/national-forest-climate-change-
maps.html. 

 

https://www.fs.fed.us/rm/boise/AWAE/projects/national-forest-climate-change-maps.html
https://www.fs.fed.us/rm/boise/AWAE/projects/national-forest-climate-change-maps.html
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Modeled absolute change in snow residence time (SRT) from historical data (1975–2005) to the 
2080s (2071–2090) using a 20 global climate model ensemble mean. From the National Forest 
Climate Change maps project, details about modeling approach and data used can be found at 
https://www.fs.fed.us/rm/boise/AWAE/projects/national-forest-climate-change-maps.html. 

 

https://www.fs.fed.us/rm/boise/AWAE/projects/national-forest-climate-change-maps.html
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Modeled percent change in snow residence time (SRT) from historical data (1975–2005) to the 
2080s (2071–2090) using a 20 global climate model ensemble mean. From the National Forest 
Climate Change maps project, details about modeling approach and data used can be found at 
https://www.fs.fed.us/rm/boise/AWAE/projects/national-forest-climate-change-maps.html. 

 
  

https://www.fs.fed.us/rm/boise/AWAE/projects/national-forest-climate-change-maps.html
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Projected decreases in summer low flows (percent). Projections are based on the Variable 
Infiltration Capacity hydrologic model, modified with the recession constant (K) (which dampens 
low flow decrease in areas of low K). 
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Projected change in peak flows (percent). Projections are based on the Variable Infiltration 
Capacity hydrologic model (not modified with the recession constant; areas of low K recession 
may be overestimated; see figure above).  

 

  



14 
 

VULNERABILITY ASSESSMENT — WATER USES AND WATER QUALITY 
 
Habitat, ecosystem function, or species  
Snowpack, water availability, peak flows and low flows 
 
Broad-scale climate change effect 
Warming temperatures will lead to decreased snowpack accumulation and earlier melt out, 
resulting in shifts in timing and magnitude of streamflow, with higher winter peaks and lower 
summer flows. Changes in streamflow affect stream sediment loads and water temperatures, 
impacting water quality and beneficial uses.  
 
Current condition, existing stressors 
Most basins are fully allocated in terms of surface water available for appropriation under state 
law. Within the national forests and the scenic area, water is available for campgrounds, 
administrative sites, and other appropriated uses, including livestock, although availability may 
be limited in dry years (there are about 200 federally-owned water rights in the analysis area). In 
drought years, downstream “junior” users may not receive water for consumptive uses, primarily 
irrigation. Many cities, towns and small communities rely on water from federal lands for drinking 
water, including Portland, Salem, and Eugene. Many rivers and streams are currently not 
meeting stream temperature criteria, with impacts to fisheries and aquatic resources. Sediment 
is a concern for municipal drinking water treatment, other water facilities operations, and for 
fisheries and aquatic resources. Warm water and fine sediment influence the occurrence of 
harmful algae blooms.   
 
Sensitivity to climatic variability and change 
Less snowpack of shorter duration will impact regional water supplies dependent on snowpack. 
Many streams in the analysis area depend on snowmelt for runoff, and snowpack strongly 
influences streamflow response. April 1 snow water equivalent (SWE), mean snow residence 
time (SRT), and timing of snowmelt are sensitive to both temperature and precipitation 
variations. Warmer (usually lower elevation) snowpacks are more sensitive to temperature 
variations than colder (higher elevation) snowpacks, but both are temperature sensitive. The 
most pronounced changes in snow and streamflow are likely to occur in mid to higher 
elevations. Increasing temperatures and lower summer streamflows will impact water supply, 
water quality and aquatic resources. Expanding rain-on-snow zones and higher mid-winter peak 
flows will affect stream channels, water quality, and fish and aquatic resources.  
 
Expected effects of climate change 
Warming temperatures are reducing snowpack accumulation and advancing snowmelt timing. 
Decreasing snowpack is expected to have effects on the timing and availability of water supply.  
Earlier streamflow center of timing is expected over much of the region, and summer low flows 
are expected to be lower, mainly in higher elevations and main tributaries. Decreasing summer 
precipitation would also have an impact on annual water yields and declining low flow across 
the analysis area. 
 
On federal lands, overall effects on water resources are likely to be less severe than adjacent 
ownerships downstream. Some storage facilities on federal lands will likely see reduced water 
supply in drought years. Greater extent of moisture-stressed vegetation and wildfire risk on 
federal lands will impact water quality and beneficial uses. Facilities downstream of federal 
lands are likely see reduced water supply in late summer. Some municipalities have back-up 
systems, but water supply for drinking water and other uses is likely to be affected.  
 



15 
 

Adaptive capacity 
Streams in basins with porous geology may see smaller than projected percentage changes in 
low flows because of more permeable geology.  
 

 
Surface and groundwater source water protection areas and public water systems on and 
adjoining National Forest System lands. 
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Expected increases in stream temperature for the 2080s on currently impaired waters (Category 
303(d) impaired needing total maximum daily loads [TMDL] are mapped with greater line width, 
Category 4A with TMDL approved are mapped with narrower line width). 
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VULNERABILITY ASSESSMENT — ROADS AND INFRASTRUCTURE 
 
Habitat, ecosystem function, or species  
Snowpack, glaciers, streamflows 
 
Broad-scale climate change effect 
Warming temperatures will expand the area of rain and rain-on-snow (ROS), decrease 
snowpack accumulation, advance the timing of snowmelt, and change the timing and magnitude 
of winter and spring peak flows. Climate effects are influenced by topography and geology (e.g., 
high-elevation areas with younger, more porous bedrock have greater groundwater storage but 
reduced snowmelt contributions). Changes are greatest in mid to higher elevations and larger 
tributaries. Tributaries around Mt. Hood, Mt. Jefferson and the Three Sisters are also influenced 
by melting glaciers and increased sediment inputs. Reduced snow cover will change seasonal 
access, increase impacts to roads, and expose visitors to potential hazards.   
 
Current condition, existing stressors 
Many roads, trails and other developments have high value for public access and resource 
management. Roads and infrastructure near rivers, streams, melting glaciers, and located on 
unstable ground are generally more sensitive to changes in precipitation, snowpack, and 
streamflows. With decreasing budgets, many roads are minimally maintained, and there is a 
backlog of deferred maintenance. Many roads and developments are in vulnerable locations 
subject to high flows. Developments near melting glaciers are subject to sudden outburst floods 
and debris flows. 
 
Sensitivity to climatic variability and change 
Roads and infrastructure near rivers and streams are periodically exposed to high flows. 
Increased magnitude of peak flows increases susceptibility to erosion and damage to the road 
prism or development. Mid-winter flooding is expected to become more common in places 
where it now occurs and to occur more widely. Because ROS-driven flood peaks tend to be 
much higher, flood magnitudes are expected to increase as well. Increased peak flow makes 
infrastructure more vulnerable to effects ranging from minor washouts to complete loss of the 
road prism. Flooding impacts will affect public safety, access for resource management, water 
quality and aquatic habitat. The most pronounced changes in snow and streamflow are likely to 
occur in headwater basins, notably the mid to higher elevations, and in some of the larger 
tributaries influenced by ROS. 
 
Expected effects of climate change 
Projections for increased magnitude and frequency of peak flows and change in amount and 
timing of snowmelt indicate that more miles of road and more facilities will be exposed to high 
flow events and greater impacts. Earlier access to snow-free areas increases erosion potential 
related to wet season traffic and safety concerns for the public. Maintenance and repair costs 
will increase with increased damage to infrastructure. Damage to roads near streams often has 
ecological effects on stream water quality and aquatic habitats.  
 
Adaptive capacity 
Identifying the extent, location and existing condition of potentially vulnerable roads and 
infrastructure will help in prioritizing and allocating limited funding, focusing treatments to reduce 
storm damage, and communicating potential risk and hazards to the public.  
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Projected change in bankfull flow for road segments within 90 meters of streams and rivers for 
the 2080s. Not all vulnerable roads are represented, and some roads intersect intermittent 
streams. 
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Projected decline (number of days) in snow coverage on roads for the 2080s. Fewer days of 
snow cover make roads accessible longer, potentially increasing impacts.  
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Miles/kilometers of Forest Service-administered road by maintenance level within the CMWAP 
assessment area 

 

 

  

Operation 
Maintenance Level 

Columbia 
River Gorge 

National 
Scenic Area 

Mt. Hood 
National Forest 

Willamette 
National Forest 

Total 
in CMW Code Description 

  km mi km mi km mi km mi 
ML 1 Basic custodial 

care (closed) 18 11 670 416 1746 1085 2434 1512 
ML 2 High clearance 

cars/trucks 125 77 3296 2048 7443 4625 10864 6750 
ML 3 Suitable for 

passenger cars 4 2 349 217 740 460 1093 679 
ML 4 Passenger car 

(moderate 
comfort) 6 4 141 88 130 81 277 173 

ML 5 Passenger car 
(high comfort) 0 0 88 55 234 145 322 200 

 Unknown 0 0 0.5 0.5 0 0 0.5 0.5 
 Total 153 94 4544.5 2824.5 10293 6396 14990.5 9314.5 
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VULNERABILITY ASSESSMENT — FISHERIES 
 
Habitat, ecosystem function, or species 
 
Bull Trout Salvelinus confluentus. Bull trout are fall spawners with eggs that overwinter in the 
gravels and fry that emerge from redds in late winter and early spring. Their habitat ranges from 
medium-sized, cooler rivers to the coldest high-elevation headwater streams. Adults and 
subadults may migrate over long distances (10-100 km) and use a variety of habitat types, but 
spawning and growth by juveniles during their initial 1-3 years occurs exclusively in the coldest 
streams. Optimum habitats for bull trout provide year-round high-quality cold water and high 
habitat complexity. 
 
Steelhead/redband trout Oncorhynchus mykiss. This species manifests as multiple life history 
forms, including as sea-run (known as steelhead), estuarine, adfluvial, and resident (some 
known as redband) life history forms. Steelhead are a large-bodied sea-run form of O. mykiss 
that migrate upstream one to three seasons before they spawn. Redband trout are a smaller-
bodied resident life form found east of the Cascade Range year round. The current hypothesis 
for the expression of sea-run or residency of O. mykiss is a response to the combination of 
absolute water temperature and variation in water temperature, with colder thermal regimes 
fostering residency via earlier maturation. Regardless of their life form, they all spawn in the 
spring in small streams. Interior rainbow trout and redband can persist in relatively small 
habitats and where fluvial fragmentation prevents migratory access to the ocean that steelhead 
require.  
 
Coho, Chinook, and Chum salmon O. spp. These species spawn in fresh water as adults and 
migrate downstream as juveniles or smolts to the Pacific Ocean, where they travel long 
distances and spend 1-4 years before returning in the fall to spawn and die. Coho, Chinook, and 
chum salmon generally inhabit lower and mid-river areas, with coho juveniles moving highest up 
in the stream network (of these species). Coho and Chinook salmon spend more time in 
freshwater than chum salmon. A comprehensive view that incorporates connectivity of a variety 
of habitats across freshwater, estuarine, and marine systems is warranted for their persistence, 
especially routes between fresh and salt water.  
 
Broad-scale climate change effects 
Climate change will affect fish species through warming air temperatures and potential changes 
in the amount, timing, and type (snow versus rain) of precipitation. Depending on scale and 
location, these will generally combine to cause warmer stream temperatures, higher winter 
flows, and lower summer baseflows. Relative to the 1980s baseline period, runoff timing (center 
of flow mass) of all streams in the CMW assessment area is projected to advance 14 to 20 days 
earlier in the year. The number of winter high flow days is projected to increase slightly, as are 
winter peak flows, which could increase by 1.9 to 2.6% as higher elevation terrain becomes 
more susceptible to rain-on-snow events. Summer flow reductions of 43% to 58% are projected, 
and these reductions would greatly reduce available habitat to fish in summer. Summer flow 
reductions are projected to be most prominent in the highest elevation watersheds, where flows 
are most dependent on winter snow accumulation.  
 
Summer stream temperatures are projected to increase across the CMW area, by 1.5 °C in the 
2040s and 2.5 °C in the 2080s. Larger than average increases are projected to occur in the 
warmest streams at low elevations, and smaller than average increases are projected for the 
coldest streams. Extreme events may also occur more frequently and persist over longer 
periods, including higher stream temperatures, severe drought, and large wildfires.  
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Current condition, existing stressors 
Bull trout are listed as threatened under the Endangered Species Act (ESA), and those in the 
study area are designated as Columbia River populations. Their distribution and abundance has 
declined substantially from historical levels owing to habitat degradation and fragmentation, 
over-exploitation, reduced water quality, negative interactions with non-native species, and 
decreased habitat connectivity. 
 
Redband trout are classified as a state critical or state vulnerable species by Oregon 
Department of Fish and Wildlife, and as a regional forester sensitive species in most species 
management units within Region 6 of the Forest Service. Steelhead are list as threatened under 
the ESA, and those in the CMW assessment area are considered Lower Columbia River or Mid-
Columbia River populations. Both redband and steelhead populations have experienced 
reductions primarily due to habitat degradation, habitat fragmentation, and introduction of 
nonnative species. 
 
Coho, Chinook, and chum salmon are listed as threatened under the ESA. In the CMW 
assessment area, chum salmon are part of the Columbia River populations, coho salmon are 
part of the Lower Columbia populations, and Chinook are part of the Lower Columbia and Upper 
Willamette populations. There has been a general decline in their populations, and current 
estimated numbers are less than 10% of their pre-1850 numbers because of western expansion 
and development across the region.  
 
Sensitivity to climatic variability and change 
Bull trout – Bull trout require very cold water temperatures for spawning and juvenile rearing, so 
their populations are already greatly constrained by the limited availability of cold habitats in the 
Cascade Range of central Oregon. These natal habitats are confined at their upstream extent 
by small stream size and channel slope, so bull trout populations may become trapped in 
headwater enclaves. Increasing temperatures will gradually eliminate cold habitats at the 
downstream extent of these populations. Decreasing summer flows will make some streams too 
small to support fish at the upper extent, and the habitats that remain will be subject to 
increased environmental variability associated with wildfire, drought, heat waves, and flooding. 
 
Steelhead/redband trout – Resident and sea-run forms are important to maintain both interior 
and steelhead populations. Each life form has phenotypic plasticity and wide environmental 
tolerances to withstand and adapt to change. However, climate change may increase 
competition between these life forms and lead to a loss of steelhead as lower elevation habitats 
become too warm in the summer to support them. The loss or reduction in the larger sea-run 
form will mean fewer eggs, which may affect the overall O. mykiss complex. Altered ocean 
conditions may have an effect on the expression of the steelhead life history. 
 
Coho, Chinook, and Chum salmon – Coho and Chinook salmon require cold freshwater streams 
as they migrate upstream to spawn, and consequently they will be affected by the warm water 
temperatures on the Columbia River, and potentially as they move further upstream. Coho and 
spring Chinook move upstream prior to peak temperatures, and then hold in cold water refugia 
until they can access upstream habitats again in fall. However, late migrants may have high 
mortality during migration, especially when they do not have access to cold water refugia. Water 
temperature and flows will also affect spawning, when eggs are in gravel, and during juvenile 
rearing. Increasing winter flows can lead to scouring events affecting developing eggs and fry. 
Decreasing summer flows will lead to a reduction in available habitat for juveniles.  
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Expected effects of climate change 
Bull trout – Ongoing reductions in habitat size and greater fragmentation will be important 
determinants of persistence. Long-term climate patterns suggest both an expected decrease in 
the total amount of cold water stream habitat and fragmentation of some colder areas into 
disconnected “patches” of suitable habitat. Bull trout populations will be forced to retreat into 
these shrinking summer cold water refugia to avoid warming conditions. These restricted 
tributary populations may become more vulnerable to local extirpation from stochastic 
disturbances. Remaining patches could be subject to more frequent winter peak flows that scour 
the streambed and destroy redds and/or kill newly emerged fry. Both in the 2040s and 2080s, 
73% of the streams in all core populations in the CMW assessment area are projected to 
experience greater than 10 days with the highest 5% of winter peak flows. The combined effects 
of shrinking patch size and increasing frequency or magnitude of stream channel disturbance 
will reduce the resilience of these populations, leaving them in a poorer condition to withstand 
additional stressors and increasing the likelihood of local extirpations beyond that driven by 
temperature alone.  
 
Steelhead/redband trout – This species is a spring spawner, has a relatively warm thermal 
niche, and uses upstream tributaries as juveniles. Because they spawn in the spring, eggs are 
not as susceptible to increased winter flows as fall spawners. Shifts in the timing of peak flows 
will likely result in changes in outmigration timing, changes in survival, and changes in the 
availability of spawning and rearing habitats. Summer flow declines will decrease the volume of 
habitat and may be problematic for populations that currently persist in small, fragmented 
habitats. Increases in the temperature of especially cold streams, like those required by bull 
trout, could improve habitat quality in some upstream areas that are currently too cold for 
redband trout, leading to an increase in redband trout as some streams warm. However, further 
temperature increases (12-20 °C) could lead to greater expression of the steelhead life history. 
It is less clear what the tradeoff between redband trout and steelhead life histories will be at 
water temperatures (>20 °C). Altered ocean conditions could reduce the expression of the 
steelhead life history, particularly in males, and reduce the size of returning adults. 
 
Coho, Chinook, and Chum salmon – Maintaining a diversity of connected habitats across 
freshwater, estuarine, and marine areas is critical to their persistence. Coho salmon juveniles 
rear in fresh water longer than many other sea-run salmon juveniles, and typically migrate to 
sea in the spring of their second year. Spring Chinook have a longer holdover in fresh water 
before spawning (4-9 months), making them highly vulnerable to climate change compared to 
fall Chinook, which migrate upstream in fall when they spawn. Declines in average summer 
flows of 20–30%, if realized later this century, would equate to losing a similar amount of habitat 
and reduce potential population sizes by intensifying competition for food and space. Although 
chum salmon spend less time in fresh water than coho or Chinook salmon, they depend heavily 
on rearing in tidally influenced and estuarine habitats, which makes them sensitive to degraded 
conditions in the Columbia River estuary.  
 
Adaptive capacity 
Climate change may lead to inconsistent selection pressures for different life stages of the focal 
fishes, which will interact with plastic and genetic changes in various ways. Bull trout have 
limited adaptive capacity given their limited habitats and restrictive ecological tolerances. 
Steelhead/redband trout have high adaptive capacity for adjusting to potential effects of climate 
change due to their plastic life histories. Coho, Chinook, and chum salmon have moderate 
adaptive capacity to respond to climate change, because although they can be flexible, the 
reduction in their numbers and increase in stressors has decreased their ability to respond.  
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Vulnerable geographic locations – The Columbia River is a main swim-way for all of these 
fishes, and maintaining cold water refugia along its corridor is important for connectivity of 
critical habitats. There are at-risk populations of redband. Projected climate changes are likely 
to make many of these populations more vulnerable to reduced survival and persistence. Most 
core bull trout populations survive in fragmented habitats, have low abundance (except the 
Lower Deschutes River core population), and are subject to competition and hybridization with 
brook trout. Climate change is likely to further increase risks to bull trout. Coho, Chinook, and 
chum salmon have many at-risk populations and will be vulnerable to climate change at multiple 
stages of their life cycle. These fishes would benefit from habitat restoration to maintain a 
diversity of habitats and connectivity across land ownerships.   
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Scenarios depicting mean August stream temperatures across the 6,969 km of streams in the 
CMW analysis area during a baseline period (A: 2000s) and late 21st century period (B: 2080s). 
Panels C and D show future temperature increases relative to the baseline period. High–
resolution images of these maps and ArcGIS shapefiles with reach–scale projections are 
available at the NorWeST website 
(http://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html). 

 

http://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html
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Scenarios depicting mean summer flows across the 6,969 km of streams in the CMW 
assessment area during a baseline period (A: 2000s) and late 21st century period (B: 2080s). 
Panels C and D show future flow changes as percentages relative to the baseline period. 
ArcGIS shapefiles with reach-scale predictions of this flow information are available at the 
Western U.S. Stream Flow Metrics website 
(https://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml). 

https://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml
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Scenarios depicting the number of days with high flows during the winter across the 6,969 km of 
streams in the CMW analysis area during a baseline period (A: 2000s) and late 21st century 
period (B: 2080s). Panels C and D show future flow changes relative to the baseline period. 
ArcGIS shapefiles with reach-scale predictions of this flow information are available at the 
Western U.S. Stream Flow Metrics website 
(https://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml).  

https://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml
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VULNERABILITY ASSESSMENT — VEGETATION (MOIST FORESTS) 
 
Habitat, ecosystem function, or species 
Moist forests 
 
Broad-scale climate change effect 
Precipitation changes, reduced snow pack, earlier snow melt, increased temperature and 
summer water stress, and increased in fire activity.  
 
Current condition, existing stressors 
Moist forests receive the highest levels of precipitation within the CMW assessment area, 
occurring from low to middle elevations on the western slope of the Cascades Mountains. This 
vegetation type generally transitions to a cold vegetation zone (e.g., mountain hemlock) at 
higher elevations and dry forest at lower elevations. Moist forests are characterized by longer 
growing seasons compared to higher elevation cold forests. The climate of moist forests is 
wetter than dry vegetation zones. Moist forests are generally characterized by long-lived 
dominant conifers, and high productivity, carbon, and biomass. Insects and pathogens are 
common throughout and are associated with increases in tree mortality rates, particularly in old 
forests. Fire has affected a relatively small portions of moist forests in recent decades, but fires 
are becoming increasingly common. 
 
Sensitivity to climatic variability and change 
Due to high levels of live and dead biomass within this type, large, high-severity wildfires may 
occur occasionally when fire weather and dry fuel conditions coincide, particularly during 
synoptic east wind events. Warming temperatures and altered precipitation regimes, especially 
during the growing season, will likely affect future fire severity. Increased frequency and 
duration of summer drought will likely contribute to increased wildfire activity on wetter and 
cooler sites when high fuel loads become more available to burn when fuel moisture is low. 
Insects and pathogen activity may increase as trees experience increased summer water 
deficits. 
 
Expected effects of climate change 
Moderate warming and an increase in growing season precipitation may lead to increased 
growth and productivity in moist forests. MC2 projects modest increases in the area of moist 
coniferous forests within the CMW assessment area in the future, as these vegetation zones 
move into higher elevation areas and replace cold mountain hemlock and subalpine forest 
types. However, because these systems can be limited by low soil water availability, if growing 
season precipitation or summer precipitation does not increase but temperature does, then 
there could be a decrease in growth and subsequent contraction. This is most likely at the 
lowest elevations in the western part of the study area. Drought stress, particularly during the 
late growing season, could favor hardwood species, particularly at the lower edge or trailing 
edge of moist forest. However, an increase in precipitation during late growing season could 
lead to expansion of moist forest vegetation zones at both the lower and upper edges. 
 
Adaptive capacity 
Moist forests are relatively diverse in species composition, and most of the dominant species 
are long lived. Furthermore, some moist forests species have relatively long dispersal 
capabilities and fewer challenges to seedling establishment than subalpine forests (e.g., no late 
spring/early summer snowpack). However, climate change will likely affect some moist forests 
species more than others, and changes in species composition will likely occur.  
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VULNERABILITY ASSESSMENT — VEGETATION (COLD FORESTS) 
 
Habitat, ecosystem function, or species 
Mountain hemlock and other subalpine forests 
 
Broad-scale climate change effect 
Declining snowpack, earlier snow melt, increasing fire, and increasing temperatures  
 
Current condition, existing stressors 
Mountain hemlock is the most common and locally dominant species in cold forests. Mountain 
hemlock is a long-lived, shade-tolerant species. Older stands are susceptible to laminated root 
rot which commonly creates local patches of mortality over time. Some species, such as 
whitebark pine and lodgepole pine, can also function as early-seral species on some sites, 
depending on elevation and moisture. Lodgepole pine can establish and dominate mid- to early-
seral stands following fire on cold, moist sites. Whitebark pine can establish and eventually 
dominate late-seral stands near tree line on droughty soils or in locations with southern 
exposures. Whitebark pine is currently threatened by a nonnative pathogen, white pine blister 
rust, and both whitebark and lodgepole pine are affected by mountain pine beetle. 
Monodominant stands of lodgepole pine are particularly susceptible to epidemic outbreaks of 
mountain pine beetle. Recent fires have been characterized by large patches of stand-replacing 
mortality and a relatively high proportion of high-severity fire effects.  
 
Sensitivity to climatic variability and change 
The growing season for cold forests is short because of persistent winter snowpack, cool air and 
soil temperatures, and slow nutrient cycling rates. Winters are typically cold and wet, and 
summers are cool and dry. The majority of precipitation is in the form of snow, which generally 
melts by June. However, the depth and persistence of winter snowpack has been changing in 
response to warming temperatures. Fire regimes are primarily low-frequency (>200 years) and 
high severity. 
 
Expected effects of climate change 
Because tree growth is generally limited by cool temperatures in cold forests, an increase in 
temperatures, elevated atmospheric CO2, and earlier snowmelt may facilitate seedling 
establishment and increase tree growth and productivity at high elevations. However, given the 
rate of warming, combined with a potential increase in fire activity, this type may contract in the 
future where it cannot expand upslope. Most models project that this type will decline 
substantially by mid-century and be restricted to very small and isolated refugial sites by the end 
of the century. Whitebark pine will also likely continue to decline because of blister rust and 
beetle outbreaks, and spruce-fir forest may decline because of increased fire and reduced soil 
water. This type may be replaced by dry forests or mesic forests, depending upon how 
precipitation changes.  
 
Adaptive capacity 
The suitable climate space for subalpine forests is not projected to disappear by the end of the 
century entirely. However, upward migration of tree line must include the successful recruitment 
of tree seedlings, first within and then above the current timberline ecotone. This mechanism is 
dependent on microsite facilitation and may be limited by unsuitable topographic and edaphic 
conditions of upslope areas, wind exposure, and patterns of snow distribution.  
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VULNERABILITY ASSESSMENT — VEGETATION (DRY FORESTS) 
 
Habitat, ecosystem function, or species 
Dry forests 
 
Broad-scale climate change effect 
Increased temperatures and increased soil moisture deficits (especially at lower elevation sites), 
increased wildfire, and increased insect and disease outbreaks  
 
Current condition, existing stressors 
Dry forests receive less precipitation than moist and cold forests. Consequently, the distribution 
of tree species within dry forests is closely tied to available soil moisture. Dry summers are 
characterized by warm to hot daytime temperatures and cool nighttime temperatures, and 
winters are cold. An increase in tree density has decreased stand vigor and has put this forest 
type at a high risk of fire. Some dry forests are also stressed from grazing by domestic livestock. 
Insect and disease agents include western spruce budworm, dwarf mistletoe, and bark beetles 
in ponderosa pine.  
 
Sensitivity to climatic variability and change 
Dry forests may be less sensitive to changes in temperature and precipitation than some other 
forest types composed of less drought-tolerant species. Nonetheless, dominant species tend to 
be sensitive to extended summer drought periods and increased soil moisture deficits, and 
these species are predisposed to insects and disease during drought events. Twentieth century 
fire exclusion altered stand structure and composition in these forests, which are now 
experiencing greater proportions and larger patches of high-severity fire.  
 
Expected effects of climate change 
Tree establishment and growth in dry forests are limited by water availability during the growing 
season, length and timing of the summer drought period, and changes in disturbance frequency 
and severity. Increased precipitation (without large-scale disturbances) will likely lead to an 
expansion of this forest type. Decreased precipitation, especially during the summer drought 
period, could lead to contraction. Most of this contraction would likely occur at the low 
elevations, with transition to woodlands or shrublands. This trend would be reinforced if wildfires 
become more frequent, severe, and widespread. However, paleoecological evidence suggests 
that in warmer and drier periods in the past, these forests were able to adapt by migrating north 
or upward in elevation and remained an important and dominant component of the landscape. 
 
Adaptive capacity 
Seeds of dry forests species can be dispersed far, and some are well-adapted to early 
successional sites. For instance, ponderosa pine and lodgepole pine are well-adapted to sites 
that have warm to hot temperatures and that are moisture-limited. Mature trees of these species 
also have thick bark and high crowns that provide resistance to heating during fire. 
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Modeled environmental suitability for large forest fires under current climate (2010) and projected future climate at the middle (2050) 
and end of the century (2100), both as projected under Representative Concentration Pathway 8.5. Modeling methods follow Davis 
et al. (2017). 
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MC2 model agreement (among 28 climate scenarios) at the end of the century (2080) for (A) simulated change in vegetation type 
and (B) simulated change in biome (e.g., forest to woodland or shrubland to grassland).  
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Vegetation types for the CMWAP assessment area for the historical period, mid-century and 
end of century, as simulated by MC2 under the CESM1(CAM5) global climate model (GCM) 
scenario for Representative Concentration Pathway 8.5. This model is a highly ranked model for 
the Pacific Northwest (Rupp et al. 2013), with projected changes in temperature and 
precipitation similar to the ensemble mean (“average/best scenario”). 
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Proportion of different vegetation types for the CMW assessment area for the historical period 
and end of century, as simulated by MC2 under five global climate model scenarios for RCP 
8.5. Differences between the historical period and mid-century were minimal and thus are not 
shown. 

 

  

0%

20%

40%

60%

80%

100%

Dry
Temperate
Needleleaf

Forest

Moist
Temperate
Needleleaf

Forest

Subalpine
Forest

Subtropical
Mixed
Forest

Subtropical
Shrubland

Temp
Warm
Mixed

Woodland

Temperate
Needeleaf

Forest

Temperate
Needeleaf
Woodland

Temperate
Shrubland

Temperate
Warm
Mixed

%
 o

f A
ss

es
sm

en
t A

re
a

Vegetation Type

Historical CESM (average)
BNU (hot) CAN (hot & wet)
MIROC (hot & dry) MRI (warm)



35 
 

VULNERABILITY ASSESSMENT — WILDLIFE 
 
Habitat, ecosystem function, or species 
1) Early seral  
2) Coniferous forest – Douglas-fir  
3) Coniferous forest – Pacific silver fir  
4) Subalpine  
5) Eastside forests and mixed woodlands  
6) Eastside oak woodlands  
7) Westside oak woodlands  
8) Riparian, wetlands and water 
9) Shrub, grass, rock 
 
Broad-scale climate change effect 
Increasing temperatures, increased drought stress, loss of large trees and snags, loss of 
snowpack, increasing area burned (spatially variable), increased insect outbreaks, warmer 
streams with altered hydrologic regimes. 
 
Current condition, existing stressors 
Direct and indirect effects of climate change will interact with and multiply effects of historical, 
present, and future stressors, including extirpation of apex and meso predators, removal and 
fragmentation of old coniferous forests and oak woodlands, tree planting and broadleaf 
suppression reducing early seral habitats, wood harvest, roads, recreation, invasive species, 
altered fire regimes, grazing, and urban and agricultural development. 
 
Sensitivity to climatic variability  
See sensitivity by habitat type in table below. 
 
Expected effects of climate change 
The distributions, abundances, evolutionary trajectories, and interactions among wildlife species 
and their environments, already altered by past and present human activities, are changing as a 
result of climate change. Although the relationships between climate, wildlife species, and other 
stressors are complex, nonlinear, and often species-specific, wildlife vulnerability can be 
identified based on likely changes in climate, vegetation, key habitat structures, and interactions 
with stressors and human activities. This can help inform the potential consequences for wildlife 
of different management actions and scenarios.  
 
The CMWAP Wildlife Team identified nine broad (overlapping and non-exclusive) habitat types, 
based on vegetation categories, that help organize assessment of wildlife vulnerability to climate 
change (see table below). This approach synthesizes the climate, vegetation, and hydrology 
projections from previous chapters, and interprets their implications for wildlife habitats and 
populations. We relied both on existing scientific literature on habitat-species relationships as 
well as climate change impacts, as well as the expertise of location-based managers. Key 
considerations include: 

• As climate change shifts the spatial distribution of suitable thermal and moisture 
conditions, species will have to follow these shifts. Many species are intrinsically limited 
in movement ability, and will face additional barriers from roads, silvicultural operations, 
and other areas of heavy human activity. The amount and distribution of many habitat 
types, such as oak woodlands and old coniferous forests, have been reduced in area 
and fragmented in arrangement by past human activities and structures such as 
agriculture, logging, accelerated reforestation, roads and recreation facilities. Wildlife 
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populations living in remaining habitat fragments are more restricted in their ability to 
adapt to changing climates, have reduced population sizes, and are more vulnerable to 
climate-induced environmental changes.  

• Many habitat resources develop slowly. Even if animals are able to follow shifting 
climatic conditions, slow-developing habitat resources, such as large trees and snags or 
plant and fungal food resources, may not develop for centuries, leading to a mismatch 
between climate and needed habitat structures. 

• Tree mortality is likely to increase as a direct result of increased drought stress resulting 
from climate change. Mortality may increase for the large, old trees that provide critical 
habitat resources and structures, and whose abundance and distribution has already 
been reduced by logging.  

• Disturbance processes (fire, insects, and disease) are projected to increase in frequency 
and intensity, changing wildlife habitat structure and configuration. Vegetation types may 
change following disturbances. Much of the CMWAP region historically had a low-
frequency, high-intensity fire regime, so projected increases in fire are calculated against 
a low baseline and the proportion of area likely to burn in the future is unclear. 
Preventative and post-disturbance management interventions that build roads and 
remove large trees, snags, and logs, disturb soils, introduce invasive species, accelerate 
reforestation, and facilitate human access may further reduce wildlife habitat values 
associated with existing or post-disturbance early-seral habitats.  

• The highest elevation habitats in the study area, particularly subalpine forests and 
woodlands and montane coniferous habitats, have little or no up-slope movement 
potential and are especially sensitive to the loss of snowpack, meadow afforestation, 
and increased drought stress. Species reliant on woodland and meadow habitats, or on 
deep snow for thermal refugia, food caches, and predator avoidance may be particularly 
susceptible. 

• Aquatic and semi-aquatic species will likely see suitable habitat conditions fragmented, 
particularly at higher elevations, by exposure to increased flooding from rain-on-snow 
events as well as accelerated drying and increased temperatures during the dry season.  

 
Adaptive capacity 
Changes in the distribution and abundance of many wildlife species are likely as a result of 
climate change. Existing fragmentation, restricted movement ability and slow-developing habitat 
resources may increase the potential for extirpation for some species.  
  



37 
 

Summary of focal wildlife habitats and other factors relevant to the assessment.  

Focal Habitat Characteristic Species Habitat Features Exposure Sensitivity Adaptive Capacity Other Stressors 
Early seral 
 
PVT: multiple 
 
MC2: multiple 

Gray flycatcher; three-
toed woodpecker; 
western bluebird; 
pocket gopher; Cassin’s 
finch; kestrel 

Diverse and highly 
productive understory 
and deciduous shrubs; 
biological legacies 
(snags, logs, and 
remnant large trees) 
provide food, resting, 
and nesting resources; 
mixed-severity 
disturbance patches 
that contribute to 
landscape 
heterogeneity 

Distributed across a 
broad elevation range; 
lower elevations likely to 
be more heat and 
drought stressed; area 
will increase if fire 
frequency, intensity, and 
extent increase, but area 
is currently below 
historical levels 

Early-seral area may occur 
following disease or insect 
die-offs; climatic conditions 
during early seral stages 
may influence whether 
shifts in habitat type occur; 
lower-elevation areas may 
experience more heat and 
drought stress  

Early seral habitats are 
critical to upward 
elevational shifts; 
microrefugia, and 
thermal and moisture 
refugia (e.g., logs, 
snags, remnant shading 
vegetation) is important 
with increased heat and 
drought stress 

Roads; invasive 
species; 
recreation; 
accelerated 
reforestation (tree 
replanting and 
herbicide use) 

Coniferous -  
Douglas fir  
 
PVT: Western 
hemlock 
 
MC2: Moist 
coniferous forest 

Northern spotted owl; 
northern goshawk; 
northern flying squirrel; 
olive-sided flycatcher; 
red tree vole; terrestrial 
molluscs; land 
salamanders (e.g., 
clouded salamander) 

Canopy structure 
depends on seral stage; 
later seral stands have 
moderate to closed, 
multi-layer canopy; 
multi-aged with big tree 
component 
characterized by 
Douglas-fir; snags and 
down logs; multi-scale 
spatial and structural 
heterogeneity; fruit- 
bearing understory of 
shrubs and other plants 
in late-seral stages. 

Lower elevations likely 
to have increased heat 
and drought stress; 
increasing hardwood 
component likely; 
drought stress may 
increase mortality of 
older trees and reduce 
associated habitat 
resources (resting, 
nesting); potential 
exposure of deciduous 
trees and shrubs to 
sudden oak death (e.g., 
rhododendron and 
madrone). 

Distribution of both old and 
early-seral forest types is 
reduced and fragmented 
compared to historical 
levels, increasing 
sensitivity; fire frequency 
may increase, but relative 
to low baseline levels; 
many species depend on 
big/old trees that are at risk 
from drought stress. Insect 
and disease processes are 
increasingly important. 
 

Possible for species to 
move upward in many 
locations; unclear 
whether loss of suitable 
area at lower elevations 
is greater than future 
suitable area at higher 
elevations; high levels of 
landscape fragmentation 
across region may 
restrict movement and 
available habitat for late-
seral associated 
species; many species 
are movement-restricted 
(amphibians, molluscs) 

High-severity fire; 
roads; 
timber harvest;  
fragmentation; 
recreation; 
insects and 
disease 
 

Montane conifer – 
silver fir 
 
PVT: Pacific silver 
fir 
 
MC2: Moist 
coniferous forest 

Clark’s nutcracker,  
marten, Sierra Nevada 
red fox, wolverine, 
western bumblebee,  

Moderate to closed, 
canopy; big-tree 
component; snags and 
down logs; multi-scale 
spatial and structural 
heterogeneity; deep 
snow and subnivean 
habitat 
 

Increased high severity 
fire potential in summer; 
loss of snow habitat 
features.   
 

Increasing fire frequency 
and severity may change 
seral stage distributions 
and result in loss of old 
forest structure and spatial 
heterogeneity; insect and 
disease outbreaks will 
increase with increased 
drought stress; fire, 
disease, and insects could 
reduce structural diversity; 
likely to see contraction at 
lower elevations (due to 
increased drought) and 
expansion into subalpine at 
higher elevations. 

Potential for upward 
shifts, though loss of 
suitable area at lower 
elevations will exceed 
area available for 
expansion at higher 
elevations; restricted 
area for upward range 
shifts; topographic 
heterogeneity in aspect 
and slope may provide 
refugia; high levels of 
landscape fragmentation 
across region may 
restrict movement and 
available habitat for late-
seral associated 
species. 

High-severity fire; 
roads; wood 
harvest; 
recreation; insects 
and disease; 
fragmentation 
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Focal Habitat Characteristic Species Habitat Features Exposure Sensitivity Adaptive Capacity Other Stressors 
Eastside forests 
and mixed 
woodlands 
 
PVT: Grand fir, 
yellow pine 
 
MC2: Coniferous 
forest, dry 
coniferous forest 

White-headed 
woodpecker; Lewis’s 
Woodpecker; western 
gray squirrel; ash-
throated flycatcher 

Depends on elevation: 
In lower Ponderosa pine 
zone, big trees with 
open, irregular spacing; 
at higher elevations and 
north aspects, there is 
transitions to more 
mesic vegetation (e.g., 
Douglas-fir, grand fir) 
with higher densities; 
large snags; cavities; 
diverse, productive 
understory 

MC2 projections suggest 
this habitat will be 
relatively stable, with 
some potential for 
increased heat and 
drought at lower 
elevations.  
 
 

This habitat has a mixed- 
or low-severity fire regime, 
with a long history of 
anthropogenic fire; fire 
suppression over the last 
century has increased the 
risk of high-severity, which 
will increase with amplified 
summer drought; big trees 
are resilient to disturbance 
and some drought stress; 
high-severity fire and long-
term drought may convert 
some areas to grass/shrub; 
areas that have lost big 
trees or with large amounts 
of small-diameter trees are 
especially susceptible. 

Resilience in the 
relatively narrow 
ponderosa pine zone 
may be increased with 
fuel reduction and 
prescribed fire 
treatments; there is 
capacity for range shift if 
pine is retained in 
mixed-species stands 
and transition to open 
structure is facilitated by 
thinning and fire. 
 

Roads; wood 
harvest; 
recreation; 
wildland-urban 
interface; invasive 
species; land use 
change; grazing 
[just MHNF]; 
fragmentation 

Eastside oak 
woodlands 
 
 
PVT: Oak, 
possibly yellow 
pine 
 
MC2: Coniferous 
woodland, dry 
coniferous forest 

White-headed 
woodpecker; Lewis’s 
woodpecker; western 
gray squirrel; ash-
throated flycatcher 

Oak trees are mast-
producing, with 
abundant cavities, and 
diverse canopy 
structure; diverse spatial 
pattern – interspersion 
with savanna / grass 
conditions; also includes 
open-stand, large 
ponderosa pine 
component. 

MC2 projection does not 
capture oak woodland 
vegetation; presumably 
distribution will be 
somewhat stable, with 
increasing drought 
stress at lower 
elevations, and potential 
for up-slope increases in 
suitability for relatively 
drought-hardy oak trees. 
 

Increased frequency and 
severity of summer drought 
events, and increased fire 
frequency and severity 
could increase oak 
mortality.  

Potential for up-slope 
range shift. 

Sudden oak 
death; invasive 
species; land use 
change; 
recreation; high-
severity fire 

Westside oak 
woodlands 

Western gray squirrel; 
western bluebird; 
monarch butterfly; 
woodrat 

Largely distributed in 
small remnant patches 
at lower elevations, 
often overtopped by 
Douglas-fir, due to fire 
suppression; oak trees 
are mast-producing, 
with abundant cavities, 
and diverse canopy 
structure; diverse spatial 
pattern – interspersion 
with savanna / grass 
conditions. 

MC2 projection does not 
capture oak woodland 
vegetation well; as 
“warm mixed forest” and 
“subtropical mixed 
forest” suitability 
increases at lower 
elevations on west side 
of study area, it is 
possible that these 
areas will be suitable for 
oak woodlands. 
 

Increased frequency and 
severity of summer drought 
events, and increased fire 
frequency and severity 
could increase oak 
mortality; potential for 
increased diseases (note 
Oregon white oak is not 
affected by sudden oak 
death pathogen); potential 
for up-slope shifts, 
particularly if there is 
increase in fire return 
intervals.   
 
 

Potential for up-slope 
range shift. 

Invasive species; 
land use change;  
Recreation; high-
severity fire 
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Focal Habitat Characteristic Species Habitat Features Exposure Sensitivity Adaptive Capacity Other Stressors 
Subalpine American pika; Larch 

Mountain salamander; 
woodpeckers; Clark’s 
nutcracker; Sierra 
Nevada red fox; 
western bumblebee 

Winter deep snow and 
subnivian habitats 
distinguish subalpine 
from other habitats; 
forests are patchy, with 
sharply conical canopy 
structure creating many 
openings; woodlands 
have meadow-woodland 
interface and whitebark 
pine; meadows have 
diverse herbaceous 
vegetation; rock and 
talus features. 

MC2 model projects loss 
of subalpine habitat; 
extent, depth, and 
duration of winter snow 
will be reduced; lower 
elevations likely to have 
increased drought 
stress; potential for high-
severity fire in summer. 

Likely to see 
encroachment by lower-
elevation species and 
encroachment by conifers 
in subalpine meadows, 
woodlands; thermal and 
moisture stress increases 
vulnerability to insects and 
disease; reduced 
snowpack; summer heat, 
drought stress, and 
disease could reduce 
whitebark pine survival. 

Thermal microrefugia 
key to species 
persistence; limited to 
no opportunities for 
upward range shifts 

High-severity fire; 
Recreation; insect 
and disease 
outbreaks; 
invasive species  
 

Riparian, 
wetlands & water 

Yellow-billed cuckoo; 
Oregon spotted frog; 
American beaver; 
painted turtle; western 
pond turtle; Cascade 
torrent salamander; 
American dipper; water 
shrew; Pacific giant 
salamander; harlequin 
duck; tailed frog; Cope’s 
giant salamander; 
bufflehead; Cascade 
frog; spotted frog; zig 
zag darner (dragonfly); 
subarctic darner 
(dragonfly);gray blue 
butterfly; Cascade 
torrent salamander; 
aquatic molluscs; 
western bumblebee 

Moving and still water; 
high water table; 
deciduous trees and 
shrubs; abundant snags 
and logs; provides 
important connectivity 
and microclimate 
refugia values. 

Found in all vegetation 
types; degree of 
exposure depends on 
topography and 
hydrology; snow-
dominated mid- and 
high-elevation sub-
basins may be most 
exposed to change. 

Sensitive to extreme 
precipitation events 
(flooding or drought); 
extreme flooding events 
can damage habitat 
structure and populations 
of riparian-nesting species; 
persistent drought can 
reduce functional area of 
these habitats; distribution 
of cold water will decrease 
as water temperatures 
increase and summer 
flows decrease; loss of 
riparian vegetation will 
increase stream 
temperatures. 

Adaptive capacity is 
limited by hydrology and 
topographic context; 
healthy riparian 
vegetation and shading 
buffers against stream 
water temperature 
increases 

Invasive species; 
land use change; 
grazing; roads; 
recreation; high-
severity fire; water 
use 

Shrub, grass, 
rock 
 

American pika (talus); 
Larch Mountain 
salamander 

At low elevations on 
east side: shrub and 
bunchgrass structure; 
ungulate forage and 
winter range; water 
sources.  
Rocks, cliffs and talus; 
deep soils (for denning 
and burrows) 

Depends on elevations: 
east-side low-elevation 
shrub-steppe may 
expand upward; hot-dry 
conditions likely to 
become more extreme; 
no-analog conditions 
may occur at lower 
elevations. 

Species adapted to dry 
conditions, but extreme 
temperature may exceed 
physiological thresholds; 
water may be more 
limiting; increased wildfire 
may decrease shrub 
structure. 
 

Depends on micro-
refugia and water 
availability; good 
upslope range-shift 
opportunity 

Invasive species; 
land use change;  
grazing; roads; 
recreation;  
high-severity fire 
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VULNERABILITY ASSESSMENT — RECREATION (WARM-WEATHER ACTIVITIES) 
 
Habitat, ecosystem function, or species 
Participation in recreation activities that typically occur during warm weather, including day-use 
(e.g., hiking and walking on trails, viewing natural features, bicycling, horseback riding, 
picnicking) and overnight use (e.g., developed and primitive camping) 
 
Broad-scale climate change effect 
Participation in these activities generally depends on the availability of snow- and ice-free sites, 
dry weather with non-extreme daytime temperatures, and the ability to select sites where air 
quality is not impaired by smoke.  
 
Current condition, existing stressors 
This broad category represents the most common recreation activities on federal lands in the 
CMW region. Warm-weather recreation accounts for 69 of all visits (4.73 million, of which 60% 
are for hiking/walking and 23% are nature viewing). The bulk of warm-weather recreation occurs 
during the day, with overnight use accounting for 7% of warm-weather activities in the CMW 
region. Warm-weather recreation is the most common activity in Columbia River Gorge National 
Scenic Area and Willamette National Forest, and second most common activity in Mt. Hood 
National Forest.  
 
Sensitivity to climatic variability and change 
Warm-weather recreation is sensitive to the length of appropriate season, dependent on the 
timing of spring snow melt and availability of snow- and ice-free trails and sites, and the timing 
and number of days with temperatures within minimum and maximum comfortable range (which 
may vary with activity type and site). Sensitivity to climate change is expected to be higher for 
day-use activities than for overnight activities, which tend to follow the school calendar more 
than they follow weather patterns.  
 
Expected effects of climate change 
Overall demand for warm-weather activities is expected to increase, especially during shoulder 
seasons. Climate change is expected to lengthen the season for warm-weather activities due to 
early availability of snow- and ice-free sites, and overall warming of spring and autumn months 
that increase the number of warm-weather days. Lengthened seasons are expected to affect 
day use activities more strongly than overnight activities. Extreme summer temperatures can 
dampen participation during the hottest weeks of the year, shift demand to cooler weeks at the 
beginning or end of warm-weather season, or shift demand to alternative sites that are less 
exposed to extreme temperatures (e.g., lakes, higher elevations). Potential increases in 
likelihood of extreme wildfire activity may reduce demand for warm-weather activities in some 
years because of impaired air quality from smoke or limited site access because of fire 
management activities.  
 
Adaptive capacity 
Adaptive capacity among recreationists is high due to the large number of potential alternative 
sites, ability to alter the timing of visits, and ability to alter capital investments (e.g., appropriate 
gear). However, some alternative sites may involve higher costs of access (due to remoteness 
or difficulty of terrain), and increased demand may place pressure on sites that currently have 
limited capacity. There may be some limits on ability to alter seasonality of visits due to the 
timing of scheduled academic breaks. 
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VULNERABILITY ASSESSMENT — RECREATION (SNOW-BASED ACTIVITIES) 
 
Habitat, ecosystem function, or species 
Snow-based recreation activities that occur during winter, including downhill skiing, cross-
country skiing, and snowmobiling 
 
Broad-scale climate change effect 
Availability of winter snow-based recreation depends on the timing and amount of precipitation 
as snow, and cold temperatures to support consistent snow coverage and snowmaking at 
developed (downhill skiing) sites. 
 
Current condition, existing stressors 
The CMW region has a large number of winter recreation sites with a wide range of site 
characteristics that attract local, regional, and national visitors. Winter recreation accounts for 
24% of all recreation visits (1.65 million total, of which 87% are for downhill skiing). Snow-based 
recreation is the most common recreational activity in Mt. Hood National Forest, and second 
most common recreational activity in Willamette National Forest. Snow-based recreation is 
inherently sensitive to climatic variability and interannual weather patterns. For downhill ski 
areas, snowmaking ability can provide a buffer against low-snowfall years given water 
availability and appropriate temperatures.  
 
Sensitivity to climatic variability and change 
Snow-based recreation is highly sensitive to variations in temperature and the amount and 
timing of precipitation as snow.  
 
Expected effects of climate change 
Climatic warming is expected to reduce season length and the likelihood of reliable winter 
recreation seasons. Some areas, especially at lower elevation, may become unsuitable for 
snow-based recreation with warmer temperatures, or increased likelihood of precipitation as 
rain, resulting in shorter seasons which start later. Higher elevation sites may not experience as 
large a transition to more precipitation as rain, but may experience more variability in season 
length. Warmer temperatures and increased precipitation as rain may increase availability of 
water in the near term during winter, but warmer temperatures may also reduce the number of 
days per season when snowmaking is viable. 
 
Adaptive capacity 
Snow-based recreationists have moderate capacity to adapt to changing conditions, given the 
relatively large number of winter recreation sites in the region. For non-developed or minimally 
developed site activities (e.g., cross-country skiing, backcountry skiing, snowmobiling, 
snowshoeing), recreationists may seek higher elevation sites with higher likelihoods of viable 
seasons. Although developed downhill skiing sites are fixed improvements, potential 
adaptations include snowmaking, higher elevation development, and new run development. 
Changes to the CMW sites relative to other regions may also be important; if snow-based 
recreation is affected more negatively in other regions, recreationists may view sites in this 
region as a substitute. 
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Winter recreation sites and decline in snow residence time in the CMW assessment area. Sites 
are indicated by blue boxes with snowflakes.   
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VULNERABILITY ASSESSMENT — RECREATION (WILDLIFE-DEPENDENT ACTIVITIES) 
 
Habitat, ecosystem function, or species 
Activities in which animals are a significant and necessary input into the recreation experience, 
such as hunting, fishing, and wildlife viewing  
 
Broad-scale climate change effect 
Changes in temperature accompanied by longer growing seasons and increased drought stress 
may affect suitable habitat for terrestrial and aquatic species because of changes in vegetation 
type and cover, productivity of food sources, water quantity and temperature (for aquatic 
species), and species interactions. Climate-related changes to disturbance regimes, including 
wildfire, invasive species, and insect and disease outbreaks, may affect the amount and spatial 
distribution of suitable habitat. 
 
Current condition, existing stressors 
Wildlife activities account for 4% of all recreation visits (total, of which 50% are for fishing, 26% 
for wildlife viewing, and 24% for hunting). The bulk of wildlife-based recreation occurs in 
Willamette National Forest, which hosts 70% of all wildlife-based activities in the CMW region. 
Encroaching development and habitat fragmentation are reducing the quality and availability of 
wildlife activities in some locations.  
 
Sensitivity to climatic variability and change 
Wildlife activities are sensitive to expected “catch rates” (likelihood of catching or seeing the 
target species), and to the existence of valued target species. Hunting for terrestrial game 
species is sensitive to temperature during the allotted hunting season (i.e., colder temperatures 
preferred for dressing and pack-out of harvested animals) and the timing and amount of 
precipitation as snow (to reduce costs of tracking). Fishing catch rates are dependent on stream 
flows and temperatures to support target species. Increased water temperatures in main-stem 
rivers and streams limit site access due to closures. 
 
Expected effects of climate change 
-- Increased incidence of disturbances due to climate change is likely to be neutral or slightly 
beneficial for terrestrial game species populations and thus catch rates for targeted species. 
Potential decreases in overall vegetative productivity similarly likely have neutral effect on game 
species populations. Desirability of hunting during established seasons may decline as warmer 
weather persists later into the fall and early winter and the likelihood of snow cover decreases.  
-- Higher temperatures will decrease populations of native cold-water fish species and favor 
increases in populations of warm-water (often non-native) species. Decreased snowpack is 
expected to increase the incidence of low flows and stress fish populations.  
 
Adaptive capacity 
-- Hunting: Hunters can in some cases adapt by altering the timing and location of hunts; state 
rules on hunting season dates impose a constraint on this behavior unless states change 
hunting seasons based on altered climate. 
-- Fishing: Anglers may adapt by choosing different species (e.g., shift from cold-water to warm-
water species) and sites less affected by climate change (e.g., high-elevation streams). Some 
anglers may place high value on certain species and have a lower willingness to target warm-
water species that may thrive in place of cold-water species. 
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VULNERABILITY ASSESSMENT — RECREATION (WATER-BASED ACTIVITIES) 
 
Habitat, ecosystem function, or species 
Water-based recreation activities that involve non-angling use of surface water bodies, including 
swimming, boating and floating on rivers, lakes, or reservoirs  
 
Broad-scale climate change effect 
Warming temperatures and increase in season length; higher interannual variability in 
precipitation affects flows and water levels. 
 
Current condition, existing stressors 
Separate from angling, water-based activities comprise a small portion (1.5%) of primary 
recreation. Upper reaches of streams and rivers are generally not desirable for boating and 
floating. Lakes and reservoirs provide opportunities for both motorized and non-motorized 
boating and swimming, although boating may commonly be paired with fishing. Existing 
stressors include the occurrence of drought conditions that reduce water levels and site 
desirability in some years. Disturbances can alter water quality (e.g., erosion events following 
wildland fires).  
 
Sensitivity to climatic variability and change 
The availability of suitable sites for water-based recreation is sensitive to reductions in water 
levels due to warming temperatures, increased variability in precipitation, and decreased 
precipitation as snow. Demand for water-based recreation is also sensitive to temperature 
increases as recreationists may increasingly seek out water-based activities during extreme 
heat and increase overall demand as the season lengthens. 
 
Expected effects of climate change 
Increasing temperatures, reduced storage of water as snowpack, and increased variability of 
precipitation are expected to increase the likelihood of reduced water levels and greater 
variation in water levels in lakes and reservoirs, which is associated with reduced site quality 
and suitability for certain activities. Increased demand for surface water by downstream users 
may reduce water levels in drought years. Warmer temperatures are expected to increase 
demand for water-based recreation as the season lengthens and people seek relief from 
extreme heat.  
 
Adaptive capacity 
Water-based recreationists may adapt to climate change by choosing different sites that are 
less susceptible to changes in water levels (e.g., by seeking out higher-elevation natural lakes) 
and changing the type of water-based recreation activity they engage in (e.g., from motorized 
boating on reservoirs to non-motorized boating on natural lakes). 
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VULNERABILITY ASSESSMENT — RECREATION (GATHERING FOREST PRODUCTS) 
 
Habitat, ecosystem function, or species 
Gathering forest products for recreational and personal uses, including foraging for food (e.g., 
huckleberries, mushrooms), gathering firewood, and cutting Christmas trees  
 
Broad-scale climate change effect 
Climate change may alter species composition and vegetative cover for target species. A longer 
growing season will be offset by periods of drought, which may reduce productivity in the near 
term and reduce extent of target species in current locations in the medium to long term. 
Changes in disturbances (e.g., wildland fire, invasive species, insect and disease outbreaks) 
may place additional stress on target species and alter the availability of target species (positive 
and negative) in current locations. 
 
Current condition, existing stressors 
Forest product gathering accounts for a small portion of recreation visits (<1%), although it is 
relatively more common as a secondary activity. A small but avid population of enthusiasts for 
certain types of products supports a small-scale but steady demand for gathering as a 
recreational activity. Small-scale commercial gathering likely competes with recreationists for 
popular and high-value products (e.g., huckleberries), although resource constraints may not be 
significant at current participation levels. Some forest products are traditional foods and hold 
high cultural value for Native Americans and rural residents.  
  
Sensitivity to climatic variability and change 
Forest product gathering is primarily sensitive to the climatic and vegetative conditions that 
support the distribution and abundance of target species. Participation in forest product 
gathering is also akin to warm-weather recreation activities, depending on moderate 
temperatures for and the accessibility of sites where products are typically found. 
 
Expected effects of climate change 
Vegetative change due to warming temperatures may alter the geographic distribution and 
productivity of target species. Increased incidence and severity of wildland fires may eliminate 
sources of forest products in some locations in the short term (e.g., berries), but in some cases 
may encourage short- or medium-term productivity for other products (e.g., mushrooms). Long-
term changes in vegetation due to climate that reduces forest cover may reduce viability of 
forest product gathering in some areas if a transition to other vegetation types occurs.  
 
Adaptive capacity 
Recreationists engaged in forest product gathering may select different gathering sites as the 
distribution and abundance of target species changes, although these sites may increase the 
costs of gathering. Those who engage in gathering as a secondary or tertiary activity may 
choose alternate activities to complement primary activities. Commercial products serve as an 
imperfect substitute for forest product gathering in some cases (e.g., Christmas trees).  
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VULNERABILITY ASSESSMENT — ECOSYSTEM SERVICES (FOREST PRODUCTS) 
 
Habitat, ecosystem function, or species 
Timber and non-timber forest products.  
 
Broad-scale climate change effect 
Increased temperatures, larger and more frequent disturbances (insects, drought, fire), less 
available water, longer growing season 
 
Current condition, existing stressors 
For timber volume sold between fiscal years 2011 and 2015, the Willamette National Forest had 
the highest production in the region, averaging 75.4 million board feet (MMBF) per year. The Mt. 
Hood National Forest is more representative of other forests in the region, averaging 33.7 
MMBF per year. As a national scenic area with limited timber production, Columbia River Gorge 
only averaged 0.1 MMBF per year. 
 
By permits sold, popular special forest products in the CMW area include Christmas trees, 
beargrass, boughs, salal, cones, and mushrooms. Levels of harvest vary somewhat across 
units and tend to be more dominant on the Mt. Hood and Willamette National Forests than the  
Columbia River Gorge National Scenic Area.  
 
Wildfire, drought, and insect outbreaks can cause significant levels of tree mortality, decreasing 
potential timber outputs. Innovative wood products such as cross-laminated timber and biofuels 
could provide new niche markets for small diameter wood produced by fuels treatments. For 
non-timber forest products, climate-induced stressors can reduce gathering levels through 
reduced access. Disturbance may also help promote early-seral species, potentially offsetting 
these effects in some cases.  
 
Sensitivity to climatic variability and change 
Changes in productivity caused by increased temperatures and CO2 could be significant, and 
productivity may increase at higher elevations and decrease in lower more moisture-limited 
areas. Disturbance regimes, particularly wildfire and insect outbreaks, are highly sensitive to 
climatic shifts and can change significantly from year to year. Combined, these effects reveal 
high sensitivity of timber and non-timber forest products to climate change.  
 
Expected effects of climate change 
Anticipated increases in disturbances will cause losses to merchantable timber and non-timber 
forest products. Potential increases in productivity and growing seasons could somewhat offset 
these losses. Biophysical changes in forest vegetation will have implications for local and 
regional socioeconomic conditions, affecting industries and communities that are dependent on 
timber and non-timber forest harvests. Emerging innovative wood product markets could offer 
new forest-based market opportunities.  
 
Adaptive capacity 
Productivity increases in some areas could offset losses from wildfire, insects, and disease.  
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VULNERABILITY ASSESSMENT — ECOSYSTEM SERVICES (GRAZING) 
 
Habitat, ecosystem function, or species 
Forage for livestock grazing. 
 
Broad-scale climate change effect 
Altered winter and spring precipitation could impact rangelands, with implications for forage 
availability and quality.  
 
Current condition, existing stressors 
Livestock forage is a relatively minor ecosystem service in the CMW assessment area and 
primarily occurs on the Mt. Hood National Forest, with a moderate range program in the 
Columbia River Gorge National Scenic Area.   
 
Sensitivity to climatic variability and change 
Unmanaged or excessive grazing, as well as other historical activities, have been associated 
with the spread and dominance of nonnative grasses in some locations. Cheatgrass (Bromus 
tectorum), medusahead (Taeniatherum caput-medusae) and North Africa grass (Ventenata 
dubia) are invaders that alter fire regimes and distrupt ecosystem structure and function. 
Cheatgrass has been associated with higher fine fuel amounts, greater fuel continuity and lower 
fuel moisture, increasing the flammability of sites. 
 
Expected effects of climate change 
In a warmer climate, it is likely that cheatgrass, and possibly other invasive annual grasses, will 
increase in extent. Although changes in plant species composition and distribution are possible 
in lands currently grazed, these shifts will most like occur at higher elevations. On drier sites, 
more fire and decreased forest density could result in more grasses in the understory, including 
invasive grasses. 
 
Adaptive capacity 
Rangeland managers may need to shift the duration and timing of grazing as conditions change.  
Some studies suggest that dormant season (winter) grazing could reduce the spread of 
nonnative grasses and wildfire probability. Emphasis should be placed on continued 
development and refinement of ecological site descriptions, which provide land managers the 
information needed for evaluating land use suitability, capability to respond to different 
management activities or disturbance processes, and ability to sustain productivity over the long 
term. Adaptive management will be necessary to manage sites that become increasingly 
sensitive to climate change such as riparian areas, wetlands, springs and other groundwater-
dependent ecosystems.   
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VULNERABILITY ASSESSMENT — ECOSYSTEM SERVICES (CARBON 
SEQUESTRATION) 
 
Habitat, ecosystem function, or species 
Carbon sequestration 
 
Broad-scale climate change effect 
Increased fire, increased drought, forest productivity gains and losses 
 
Current condition, existing stressors 
The forests that comprise the CMW assessment area are characterized by moderate and 
relatively stable ecosystem carbon reservoirs. Forest inventory plots in the Columbia River 
Gorge National Scenic Area were only sampled once between 2005-2013, so trend data will 
focus on the national forests. Total carbon storage on the Willamette National Forest is 
approximately 245 Tg, while storage on the Mt. Hood National Forest is approximately 145 Tg, 
with comparable densities per hectare. Wildfire, drought, and insect outbreaks all pose 
significant threats to the stability and long-term storage of these reservoirs.  
 
Sensitivity to climatic variability and change 
Carbon sequestration is very sensitive to changing climate in direct and indirect ways. Rates of 
carbon storage will largely depend on wildfire and insect activity, along with drought frequency 
and potential changes in productivity via direct physiological changes to trees. Potential 
productivity changes need to be evaluated at large spatial and temporal scales in order to 
understand potential trends in future carbon storage.  
 
Expected effects of climate change 
Wildfire and insect outbreaks will cause short-term losses to carbon sequestration. Increased 
disturbance size and frequency will cause greater carbon losses. Mortality and growth declines 
associated with drought events may also increase, impacting the carbon storage potential of the 
landscape. Drier sites might experience steady declines in productivity due to water limitations, 
while more mesic sites might experience increases in productivity with longer growing seasons.  
 
Adaptive capacity 
All ecosystems have an inherent capability to store carbon, but the rate and capacity of carbon 
storage depends on plant productivity and disturbance. Although many areas within the project 
area have the capacity for long term, stable increases in carbon storage, the balance of 
disturbance, climate, and management actions will ultimately determine carbon sequestration.  
The adaptive capacity of carbon sequestration is affected by protection of existing stocks and 
building resilience through adaptation, restoration, and reforestation.   
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VULNERABILITY ASSESSMENT — ECOSYSTEM SERVICES (POLLINATION) 
 
Habitat, ecosystem function, or species 
Pollination 
 
Broad-scale climate change effect 
Increasing temperatures; changes in the distribution and phenology of plants. 
 
Current condition, existing stressors 
Many pollinator species are in decline, primarily from habitat loss and fragmentation, pesticide 
use, decreasing forage resources, and pests and diseases. 
 
Sensitivity to climatic variability and change 
The extent to which climate change may cause physiological changes to pollinators or 
phenological mismatch between pollinators and flowers is uncertain.  
 
Expected effects of climate change 
Warmer temperatures could alter physiology of pollinators. Climate change could also lead to 
mismatches in timing of flowering and pollinator emergence. While changes in plant 
phenology/range and pollinator forage behavior may have some regional effects on pollinator 
populations, there is still significant uncertainty associated with potential direct climate change 
effects on pollinators. Perhaps more important to pollination services are the direct effects of 
habitat loss, pests and pathogens. However, climate change may affect rate of pollinator habitat 
fragmentation and loss and/or levels of pest and pathogen activity.  
 
Adaptive capacity 
Adaptive capacity of pollinators is mixed and reflects variance in ability to shift to changing 
habitat conditions. Habitats that retain functionality in a warmer and potentially drier climate will 
be more resilient to disturbance and extreme events. 
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VULNERABILITY ASSESSMENT — ECOSYSTEM SERVICES (CULTURAL VALUES AND 
HERITAGE) 
 
Habitat, ecosystem function, or species 
Cultural and heritage values (tribal belief systems, traditions, historical and culturally valuable 
sites) 
 
Broad-scale climate change effect 
Increased temperatures, drought, area burned, flooding, shifts in vegetation and phenology and 
conflict among users.  
 
Current condition, existing stressors 
Cultural ecosystem services include connections between people and the land, which may be 
intangible, including spiritual enrichment, heritage, identity and aesthetic experiences. They also 
include practices like harvesting of first foods for Native American tribes, rituals in sacred 
places, and recreation activities. People develop connections to specific locations, features or 
landscapes. Memories, interactions, and history play a role in visitors’ and residents’ attachment 
to the land or sense of place. 
 
Sensitivity to climatic variability and change 
Some populations may be more deeply affected by climate change than others because of 
geographic location, the degree of association to climate-sensitive environments, and unique 
cultural, economic, or political characteristics. Native American tribes may be particularly 
vulnerable to climate shifts because of their deep cultural connections with ecosystems and 
specific plant and animal species, as well as their dependence on resources for subsistence.   
The CMW area lies within the traditional homelands of eight Native American tribes, many of 
which have conducted vulnerability assessments.   
 
Expected effects of climate change 
The impact of climate change on ecological structures, processes and functions will affect 
culturally important natural resources, places and traditions, as well as connections between 
people and the land. First foods play a vital role in the physical, mental and spiritual health of 
native communities. Access to these foods may become less predictable as composition and 
distribution of culturally important species shifts. Salmon, for example, have critical spiritual, 
physical, and economic significance for many Pacific Northwest tribes. As noted in the fisheries 
chapter, climate change may impact the timing and magnitude of streamflow, increase stream 
temperatures, and cause higher levels of sediment with increased fire. These changes may 
impact salmon at all stages of their life cycle. Erratic weather systems and shifts in phenology 
may also influence the consistency and yield of berry species. Increasingly intense and 
expansive wildfires could also disturb archeological sites and sacred resources.  
 
As noted in the recreation chapter, climate change effects on recreation use are likely to be 
complex. Overall, receding snow areas and shorter winter recreation seasons in the future are 
likely to reduce the opportunities (in terms of available days and sites) for winter recreation. This 
may be offset by increased warm-weather activities. As recreation opportunities shift, so does 
the way people connect with forests and grasslands. This has implications for the physical, 
mental and spiritual nature of recreation activities.  
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Adaptive capacity 
Tribes have responded adaptively to past climate stressors, including conducting sustainable 
harvests during regional reductions in salmon populations and habitat quality. Incorporation of 
traditional ecological knowledge is critical for adaptation planning. Management of conflicting 
uses will be key to sustain tribal treaty rights under changing ecological conditions.  
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VULNERABILITY ASSESSMENT — ECOSYSTEM SERVICES (WATER USES) 
 
Habitat, ecosystem function, or species 
Human water uses 
 
Broad-scale climate change effect 
Changes in water quality and timing of delivery put the benefits of streamflow originating from 
national forest lands at risk.  
 
Current condition, existing stressors 
Human populations rely on streamflow from national forests for drinking water, irrigation, and 
recreation. Water systems are already periodically stressed by degraded water quality, floods, 
and drought. 
 
Sensitivity to climatic variability and change 
Delivery of safe drinking water, and managing regulatory requirements is costlier with degraded 
water quality. Times of degraded water quality and low water levels discourages water-based 
recreation. There is a mismatch between water availability in the wet season and need during 
growing season. Both water quality (sedimentation) and timing affects reservoir function. (See 
Hydrology and Recreation Chapters for more information) 
 
Expected effects of climate change 
Climate change will intensify stressors placed on water systems and put human benefits at risk. 
Increased investments in infrastructure as well as building redundancy into water systems will 
be required to meet water quality standards. Shifts in timing produces more “early water” that 
cannot be sorted and utilized by irrigators. 
 
Adaptive capacity 
Instituting management practices that reduce existing stressors on water quality, and 
implementing restoration projects that improve hydrologic condition and promote slower 
movement of water through the system will help to reduce the negative effects of climate 
change. (See Hydrology chapter) 
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VULNERABILITY ASSESSMENT — ECOSYSTEM SERVICES (RECREATION) 
 
Habitat, ecosystem function, or species 
Recreation as an expression of a cultural ecosystem service 
 
Broad-scale climate change effect 
Recreation is often a key factor in where people choose to live, work, and travel (see Recreation 
chapter). Climate change drives environmental changes that affect people’s feelings and 
attitudes about the places they visit and use for recreation. 
 
Current condition, existing stressors 
Wildfires have modified the landscaped and already caused long-term closures to areas with 
high place attachment to forest visitors (e.g., Eagle Creek fire). Low snowpack years already 
occur, lowering participation in winter recreation and the aesthetic quality of high-elevation 
mountain peaks.  
 
Sensitivity to climatic variability and change 
Changes to places that hold high emotional and spiritual values to people can inflict 
psychological damage and impact mental health. 
 
Expected effects of climate change 
Changes to people’s attitude and feelings about the places they recreate in are uncertain, as is 
how climate change may affect long-term patterns of visitation.  
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Summary of metrics describing selected ecosystem services in the three CMW partner units.  

 

This information is useful for characterizing each unit’s ecosystem service niche, and facilitates comparison across the three units. 
These numbers are influenced by factors that control the supply of goods and services, land base and distribution of ecosystem 
types, as well as by factors that control the demand for them, such as management regulations and accessibility to human 
populations. Included are the provisioning services (livestock forage, timber, forest products, and water), the regulating service 
(stored carbon stocks), and the cultural service (recreation). 
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