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and adaptation in southwest Oregon. Gen. Tech. Rep. PNW-GTR-xxx. Portland, OR: U.S. 60 
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 62 

The Southwest Oregon Adaptation Partnership (SWOAP) was developed to identify climate 63 
change issues relevant for resource management on federal lands in Southwest Oregon (Rogue 64 
River National Forest, Umpqua National Forest, Bureau of Land Management [BLM] Medford 65 
District, BLM Roseburg District, Oregon Caves National Monument and Preserve). This 66 
science-management partnership assessed the vulnerability of natural resources to climate 67 
change, and developed adaptation options that minimize negative impacts of climate change and 68 
facilitate transition of ecosystems to a warmer climate. The vulnerability assessment focused on 69 

water resources, fisheries, vegetation, wildlife, recreation, and ecosystem services. 70 
The vulnerability assessment shows that the effects of climate change on hydrology in 71 

Southwest Oregon will be significant, although not as pronounced as in other areas of the Pacific 72 
Northwest where more of the land area is covered by high mountains. Decreased snowpack and 73 
earlier snowmelt will shift the timing and magnitude of streamflow; peak flows will be higher, 74 
and summer low flows will be lower. Projected changes in climate and hydrology will affect 75 
aquatic and terrestrial ecosystems, especially as frequency of extreme climate events (drought, 76 
low snowpack) and ecological disturbances (streamflow, wildfire, insect outbreaks) increase.  77 

Distribution and abundance of cold-water fish species are expected to decrease in 78 
response to higher water temperature, although effects will vary as a function of local habitat and 79 
competition with nonnative fish. Higher air temperature, through its influence on soil moisture, is 80 
expected to cause gradual changes in the distribution and abundance of plant species, with 81 

drought-tolerant species becoming more dominant. Increased frequency and extent of wildfire 82 
will be the primary facilitator of vegetation change, in some cases leading to altered structure and 83 
function of ecosystems, including more forest area in younger age classes and some low-84 
elevation forests being displaced by other tree and shrub species. Vegetation change will alter 85 
wildlife habitat, with both positive and negative effects depending on animal species and 86 
ecosystem. Animal species with a narrow range of preferred habitats (e.g., riparian, old forest) 87 
will be the most vulnerable to more disturbance and large-scale shifts in flora. 88 

The effects of climate change on recreation activities are difficult to project, although 89 
higher temperatures are expected to create more opportunities for warm-weather activities (e.g., 90 
hiking, camping) and fewer opportunities for snow-based activities (e.g., skiing, snowmobiling). 91 
Recreationists modify their activities according to current conditions, but recreation management 92 
by federal agencies has generally not been so flexible. Of the ecosystem services considered in 93 

the assessment, timber supply and carbon sequestration may be affected by increasing frequency 94 

and extent of disturbances, and native pollinators may be affected by altered vegetation 95 

distribution and phenological mismatches between insects and plants. 96 
SWOAP resource managers developed adaptation options in response to the 97 

vulnerabilities of each resource, including both high-level strategies and on-the-ground tactics. 98 
Many adaptation options are intended to increase the resilience of aquatic and terrestrial 99 
ecosystems, or to reduce the effects of existing stressors (e.g., removal of nonnative species). In 100 

terrestrial systems, a dominant theme of adaptation is to accelerate restoration and fuel 101 
treatments in dry forests to reduce the undesirable effects of extreme events and high-severity 102 
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wildfire. In aquatic systems, a dominant theme is to restore the structure and function of streams 103 

to retain cold water for fish and other aquatic organisms. Many adaptation options can 104 
accomplish multiple outcomes; for example, fuel treatments in dry forests reduce fire intensity, 105 
which in turn reduces erosion that would degrade water quality and fish habitat. Many existing 106 
management practices are already “climate smart” or require minor adjustment to make them so. 107 
Long-term monitoring is needed to detect climate change effects on natural resources, and 108 
evaluate the effectiveness of adaptation options. 109 

   110 
Keywords: Adaptation, aquatic ecosystems, climate change, climate-smart management, 111 

ecosystem services, fisheries, hydrology, infrastructure, recreation, science-management 112 
partnership, Southwest Oregon, terrestrial ecosystems, vegetation, wildlife, wildfire. 113 

  114 
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Summary 115 

 116 

The Southwest Oregon Adaptation Partnership (SWOAP) is a science-management partnership 117 
consisting of Rogue River National Forest, Umpqua National Forest, Bureau of Land 118 
Management [BLM] Medford District, BLM Roseburg District, Oregon Caves National 119 
Monument and Preserve, the U.S. Forest Service Pacific Northwest Research Station and Pacific 120 
Northwest Region, and the University of Washington. These organizations worked together over 121 
a period of two years to identify climate change issues relevant to resource management in 122 
southwest Oregon and to find solutions that can minimize undesirable effects of climate change 123 
and facilitate transition of ecosystems to a warmer climate.  124 

Mean annual temperature for the region has increased by 0.05 to 0.13 °C per decade since 125 
1895 (depending on the historical dataset used), while annual precipitation has not changed. 126 

Global climate models for a high-end greenhouse gas emission scenario (RCP 8.5; comparable to 127 
current emissions) project that warming will continue throughout the 21st century. Compared to 128 
observed historical temperature, average warming is projected to increase 2.4 to 5.6 oC by the 129 
end of the 21st century (2070–2099). Precipitation may increase slightly in the winter, although 130 
the magnitude is uncertain.   131 

The effects of climate change on hydrology will be significant but vary by location. Snow 132 
residence time will not change much at low-elevation locations in the western portion of the 133 
assessment area (where it is already minimal), but is expected to decrease 6 to 8 weeks at high 134 
elevation in the Cascade Range in the northeastern portion of the assessment area. Because snow 135 
is not a large contributor to streamflow in much of southwest Oregon, only moderate decreases 136 
in low flows and moderate increases in winter flows are expected over much of the region. The 137 
most notable declines in summer low flows and increases in winter flows are expected in high-138 
elevation Cascade streams and the northwestern Siskiyou Mountains 139 

Vulnerability assessment and adaptation development for the SWOAP assessment area 140 
conclude the following: 141 
 142 

Water resources and infrastructure— 143 

 Effects: Decreasing snowpack and declining summer flows will alter timing and availability 144 
of water supply, although the effects will be moderate compared to much of the Pacific 145 

Northwest where high mountains comprise a larger portion of the landscape. Low flows will 146 
affect water availability during late summer, the period of peak demand (e.g., for irrigation). 147 
Increased magnitude of peak streamflows in winter in the northeastern portion of the 148 

assessment area will potentially damage roads near perennial streams, ranging from minor 149 
erosion to complete loss of the road, thus affecting public safety, access for recreation and 150 
resource management, water quality, and aquatic habitat. Bridges, campgrounds, and 151 

facilities near streams and floodplains will be especially vulnerable, reducing access by the 152 

public. 153 

 Adaptation options: Sediment delivery to streams from roads can be reduced by 154 
disconnecting ditch lines from streams during watershed restoration, timber projects, 155 
vegetation management, and road management. Landslide risk will be reduced by stabilizing 156 
slopes, mapping landslide risk, locating or relocating roads in areas that are less vulnerable to 157 
landslides, and decommissioning roads in vulnerable locations. Streamflow projections that 158 
consider climate change can inform decisions on structure type and sizing at stream 159 
crossings, as well as decisions about travel management and restoration. In-stream 160 
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restoration techniques will improve hydrologic connectivity in floodplains and increase water 161 

storage capacity (e.g., adding wood to streams). Reintroducing or supporting populations of 162 
American beaver may also help to slow water movement and increase water storage. 163 

 164 

Fisheries and aquatic habitat— 165 

 Effects: Decreased summer streamflows and warmer water temperature will reduce 166 
habitat quality for cold-water fish species, especially at lower elevations. Based on 167 
projections of August stream temperature for 2080, proportion of total stream kilometers 168 
with temperature less than 17 oC) will decrease (1) from 56 percent (current) to 17 169 
percent (future) for coho salmon (Oregon Coast evolutionary significant unit [ESU]), (2) 170 
from 36 to 13 percent for coho salmon (Southern Oregon–Northern California Coast 171 
ESU), (3) from 34 to 16 percent for spring Chinook salmon, (4) from 36 to 12 percent for 172 
fall Chinook salmon, (5) from 56 to 22 percent for summer steelhead, (6) from 67 to 25 173 

percent for winter steelhead, (7) from 77 to 52 percent for cutthroat trout, and (8) from 36 174 
to 12 percent for Pacific lamprey. Umpqua chub thermal habitat (much warmer than for 175 
other species) will decline slightly by 2080.  176 

 Adaptation options: Adaptation strategies focus on maintaining and diversifying 177 
monitoring programs; restoring natural thermal, hydrologic, and wood regimes; restoring 178 
and maintaining habitat connectivity; and detecting and removing nonnative species. 179 
Specific adaptation tactics include removing barriers to fish movement, increasing 180 
instream flow, increasing retention of cold water across the landscape, restoring stream 181 
structure and function, enhancing and protecting hyporheic zones, and protecting refugial 182 
habitats. Multiple objectives can be achieved by ensuring connectivity of floodplains and 183 
side channels, restoring and maintaining riparian vegetation, and American beaver habitat 184 
and colonies. Adaptation tactics will be most efficient if they are coordinated with 185 

existing stream management and restoration efforts conducted by the Forest Service and 186 
other agencies and landowners. 187 

 188 

Vegetation— 189 

 Effects: Higher air temperature, through its influence on soil moisture, is expected to cause 190 
gradual changes in the abundance and distribution of vegetation species, with drought 191 
tolerant species being more competitive. Ecological disturbance, mostly through increased 192 
occurrence of wildfire, will be the primary facilitator of vegetation change, and future forest 193 
landscapes may be dominated by younger age classes and smaller trees.  194 
Moist forests: Higher temperature may increase growth in some locations, although drought 195 

stress could limit expansion of moist forest and favor species that tolerate low soil moisture. 196 
Increased wildfire may lead to a more fragmented landscape of moist forest in younger age 197 

classes, with most areas continuing to be dominated by Douglas-fir and other early-seral 198 
species. 199 
Mesic forests: Higher temperatures, more area burned by wildfire, and increasing drought 200 
may cause a transition of mesic forests to more xeric forests. Douglas-fir will likely continue 201 
to dominate most stands, and incense cedar and sugar pine will increase in abundance. More 202 

area burned and increased drought severity will likely favor hardwoods and shrubs, and more 203 
frequent severe fire will decrease old-forest patches and connectivity. Increasing summer 204 
drought stress will decrease growth and reduce vigor for many species in mesic forests. 205 

Ultramafic forests and woodlands: Increased drought stress may cause declines of some 206 
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species that currently characterize serpentine soils, although many of these species have 207 

relatively high drought tolerance. Increased fire activity will likely favor shrubs over 208 
conifers. As fire frequency increases, shrub species will have an advantage over conifers that 209 
are not drought and fire tolerant. Increased abundance of invasive annuals, especially grasses, 210 
could promote more frequent fire as the grasses increase fuel continuity. 211 
Dry forests: Douglas-fir may be limited by drought on drier sites, but drought-tolerant 212 
species (ponderosa pine, incense cedar, oaks) may become more dominant. Drought stress 213 
and higher fire frequency may cause dry forest to transition to woodlands or shrublands in 214 
the driest locations. High fuel loads may initially cause large, high-severity fires. Over time, 215 
low- and mixed-severity fires may reduce fuels, leading to lower-intensity fires and a finer-216 
scale patch mosaic. Tree growth of most species will decrease, and tree mortality may 217 
increase in some locations because of interactions among drought, fire, and insects. 218 
Woodlands: Expansion of woodland types is likely with hotter, drier conditions; habitat for 219 

Oregon white oak and California black oak will persist, but sudden oak death could affect 220 
black oak. With more frequent fire, conifer encroachment could be reduced, favoring 221 
development of open oak woodlands, although current high fuel loads may cause high-222 
severity fires. Nonnative annual grass species can establish following wildfire and thinning 223 
treatments and may limit the capacity of oak woodlands to adapt to changing climate and 224 
disturbance. 225 
Shrublands: With increasing fire frequency and summer water deficit, shrublands will likely 226 
expand in drier portions of southwest Oregon, including conversion of dry forest to 227 
dominance by shrub species following fire. Repeated fire could facilitate dominance of 228 
chaparral species where short intervals between severe fires combine with drought to limit 229 
forest establishment. Conversion to shrubland would likely occur where mature forest is 230 
killed by high-severity fire and frequent reburns, with each successive fire killing more 231 

regenerating conifers and potential seed trees. Drought conditions will further limit tree 232 
seedling regeneration. 233 
Special habitats: Wetlands, riparian areas, and groundwater-dependent ecosystems (GDEs) 234 
will be especially vulnerable to higher air temperature and altered hydrology; less water 235 
during summer will potentially reduce the duration and depth of standing water, thus 236 
increasing water temperature. Drying in riparian areas is likely to alter riparian plant 237 
community composition. Fire exclusion has resulted in denser forests in some riparian areas 238 
and adjacent uplands, which may facilitate more wildfires, favoring hardwood species and 239 

shade-intolerant conifers. Some ephemeral montane wetlands may disappear, and some 240 
intermediate wetlands may become ephemeral. 241 

 Adaptation options: Minimizing the incidence of high-severity, stand-replacing disturbance 242 
events and maintaining spatial diversity of forest stands and age classes will help increase 243 
resilience to fire, drought, and insects, thus supporting functional forest ecosystems. 244 

Reducing stand density with thinning in dry forests can decrease inter-tree competition and 245 
forest drought stress, thus increasing tree growth and vigor. Expanding fuel treatments in 246 
appropriate locations can help prevent stand-replacement fire over large areas. Favoring 247 

drought-tolerant genotypes and species may help increase survival following disturbances. 248 
To minimize negative effects of climate change on riparian areas and GDEs, managers can 249 

plan for more frequent flooding in winter and drier soils in summer, increase upland water 250 
storage, and manage water to maintain springs and wetlands. 251 
 252 
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Wildlife— 253 

 Effects: Ecosystem responses to climate change will affect animal species through altered 254 
food availability, competition, predator-prey dynamics, and availability of key habitat 255 
features (e.g., nesting or resting structures and ephemeral water sources). Despite the 256 
flexibility and adaptive capacity of many species, widespread shifts in animal ranges and 257 
local extirpation of some species may result from climate change in combination with other 258 
stressors. Potential effects of climate change on different focal habitats include: 259 
Conifer forest: Future distribution and characteristics of forest habitats will be determined by 260 
large-scale disturbance, particularly wildfire. High-severity fire can reduce spatial and 261 
structural heterogeneity at broad scales and may increase fragmentation and isolation of old-262 
forest patches critical for northern spotted owls and marbled murrelets. Reduced availability 263 
of thermal microrefugia will increase vulnerability to thermal stress for salamanders, small 264 
mammals, and mesocarnivores. Repeated fires may cause a transition from forests to 265 

woodlands and shrublands. Fishers, northern goshawks, northern spotted owls, northern 266 
flying squirrels, and olive-sided flycatchers will be sensitive. 267 
Early-seral forest and brushfields: Animals associated with early-seral, post-fire habitats 268 
tend to be good dispersers with high reproductive rates, which may facilitate survival in a 269 
warmer climate. Species dependent on herbaceous vegetation may be sensitive to altered 270 
timing of forage availability and plant development. A longer growing season may affect 271 
timing of availability of forage and pollen resources. Altered plant phenology and timing of 272 
forage quality and quantity will be important for species that depend on these resources. 273 
Projected increases in net primary productivity may promote shrub and hardwood growth, 274 
providing habitat for shrub-associated species. Post-disturbance colonization by invasive 275 
plants may reduce plant species diversity, thus reducing food and fine-scale structural 276 
diversity. Pocket gophers and several bird species will be sensitive. 277 

Oak woodlands, savannas, and grasslands: Increased fire frequency may favor oaks and 278 
maintain open woodland habitat if large oak trees are able to survive initial fires in areas that 279 
with high fuel loads. Increased growth of invasive annual grasses could reduce fire resilience 280 
and reduce overall biodiversity, producing cascading effects through the food web. More 281 
frequent and severe fires could reduce the availability of snags, logs, and other structures that 282 
provide fine-scale thermal refugia. Increased susceptibility to sudden oak death in warmer, 283 
wetter conditions is another potential stressor. Amplified summer drought is unlikely to 284 
negatively affect native prairie and savanna communities.  285 
Wetland, riparian, and open water: Altered seasonal water availability and water temperature 286 

will affect aquatic insect populations that provide prey for insectivorous wildlife. Increased 287 
vulnerability to drying may also affect amphibian species restricted to shallow, fishless 288 
ponds. Distribution of cold, moving-water streams is expected to decrease, although 289 
groundwater-fed streams will be less sensitive than snowmelt-fed systems. Loss of riparian 290 

vegetation caused by increased frequency and intensity of wildfire or winter flooding could 291 
also contribute to increased stream temperatures and concurrent loss of nesting and resting 292 
structures for wildlife (shrubs, snags, and logs). Amphibians, American dippers, and water 293 

shrews will be sensitive. 294 
Subalpine forests, woodlands, and meadows: Animal adaptations for cold, snowy 295 

environments will be disadvantageous in a warmer, snowless future, and warmer winters may 296 
alter thermoregulatory behaviors. Loss of snowpack will be highly negative for species that 297 
use subnivean habitats (e.g., meadow voles) or prey on species that use those habitats (e.g., 298 
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bobcats). Seasonal availability of plant and insect foods may be limited by water availability 299 

as summer drought increases. Longer duration of warmer weather may affect forage 300 
availability, altering migration timing and duration of residency for migrants that traverse 301 
large elevation extents (e.g., deer and elk). Higher summer maximum temperatures may 302 
increase thermal stress for some animals. Future distribution of mountain meadows will be 303 
affected by tree establishment and disturbance processes. Phenological mismatches between 304 
vegetation and pollinators may be a particular concern for high-elevation herbaceous 305 
communities. Sensitive species include great gray owls, varied thrushes, Vaux’s swifts, and 306 
American martens (forest habitats), and American pikas, yellow-bellied marmots, and gray-307 
crowned rosy finches (meadow habitats). 308 

 Adaptation options: Thermal and other types of refugia (e.g., moisture, disturbance) will 309 
facilitate species persistence with climate change. Increasing spatial variability in stand 310 
structures (e.g., stem density and gaps) can increase the extent of refugia in the diverse 311 

physiography of southwest Oregon. Increasing habitat connectivity is critical for species that 312 
are mobile, and can be attained by providing passage structures across highways, closing 313 
roads, and removing barriers to movement. Managing for late-successional forest habitat will 314 
help provide diverse, abundant food resources for some species. Fuel reduction and strategic 315 
placement of fuel breaks can help to lower fire severity and protect valued habitats. In 316 
wetland, riparian, and open-water habitats, reducing existing stressors will help increase 317 
resilience to drought and disturbance. In addition, thinning and prescribed fire in low-318 
elevation dry forest will facilitate a transition to future conditions. Encouraging beaver 319 
colonization increases water retention and groundwater recharge. In high-elevation habitats, 320 
minimizing new stressors will increase resilience to climate change and help retain animal 321 
species associated with this habitat. 322 

 323 

Recreation— 324 

 Effects: Summer recreation (hiking, camping, bicycling) will benefit from a longer period 325 
of suitable weather without snow, especially during the spring and autumn shoulder 326 
seasons. Snow-based recreation (skiing, snowmobiling) will be negatively affected by a 327 
warmer climate because of less and more transient snow. Ski areas and other facilities at 328 
lower elevations will be especially vulnerable. Hunting may be sensitive to temperature 329 
and timing and amount of snow during the designated hunting season. Fishing will be 330 

sensitive to streamflows and stream temperatures associated with target species; if 331 
summer flows are very low, some streams may be closed to fishing. Water-based 332 
recreation (swimming, boating, rafting) will be sensitive to lower water levels during 333 
drought years. Gathering forest products for personal and commercial use (e.g., 334 
huckleberries, mushrooms) will be somewhat sensitive to the climatic conditions that 335 

support the distribution and abundance of items being collected. 336 

 Adaptation options: Organizational flexibility and responsiveness to change will help 337 
adapt recreation management to climate change. Redirecting recreational use to optimize 338 
recreational opportunities as well as protecting areas that are vulnerable to damage by 339 
recreationists will help maintain the quality of recreation experiences in the future. 340 

Adaptation tactics focus on adjusting the capacity of recreation sites and increasing 341 
flexibility of the availability of those sites based on variable weather conditions from year 342 
to year. Access to some areas may need to be restricted in order to protect resources, 343 

especially when roads, trails, and facilities are not yet open (and may not be safe) in years 344 
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when snow melts early. Efforts are needed to identify recreation sites that are likely to 345 

incur heavier use in a warmer climate, then ensure that infrastructure and staffing are 346 
sufficient to support that use, or alternatively disperse access to locations that can sustain 347 
more use. Flexibility in the seasonality of staffing, permitting, and concessionaire 348 
contracts will be needed to adjust to altered recreation demands and opportunities in the 349 
future. 350 

 351 

Ecosystem services— 352 

 Effects: Higher temperature and increased frequency and extent of disturbances will alter 353 
forest structure and growth, thus affecting timber supply, carbon sequestration, and access 354 
and availability of special forest products. Mortality of trees and other vegetation caused by 355 
drought and multiple stressors may increase in drier locations. Livestock foraging will likely 356 
be affected by altered plant species composition and productivity, especially if nonnative 357 

annual grasses spread as expected. Grazing access to water sources and grazing effects on 358 
riparian areas may become more prominent issues as water becomes scarcer. The ability of 359 
forests to sequester carbon will likely decrease if warmer climate increases physiological 360 
stress in trees and increases the frequency and extent of disturbances. A warmer climate may 361 
also affect the physiology and behavior of some insect pollinators, possibly creating a 362 
phenological mismatch in timing of flowering and pollinator emergence. Some pollinators 363 
may shift their range to find new food sources, depending on habitat connectivity. Climate 364 
change may also affect biophysical structures, processes, and functions related to cultural 365 
resources, including first foods (e.g., huckleberries, salmon) valued by Native Americans and 366 
others. 367 

 Adaptation options: The primary adaptation options for forest products are to create 368 
resilience by thinning dry forests to reduce competition and fuel ladders, removing surface 369 

fuels to prevent high-intensity wildfires, and managing the timing and location of harvests. 370 
Long-term stability of carbon sequestration can be maintained using this same approach. 371 
Productive grazing can be ensured by developing adaptive grazing strategies to respond to 372 
changing conditions, and mitigating impacts of fire, nonnative species, and drought. 373 
Adaptation options for native pollinators include protecting pollinator habitat, maintaining a 374 
diversity of native species, and increasing agency and public awareness of the importance of 375 
native pollinators. Sustainability of cultural resources can be improved by reducing non-376 

climate stressors, encouraging pre- and post-disturbance strategies to protect high-value 377 
resources, and applying traditional ecological knowledge where appropriate. 378 

 379 
The SWOAP climate change vulnerability assessment and adaptation project achieved specific 380 
elements of national climate change strategies for federal agencies, providing a new scientific 381 

context for resource management, planning, and ecological restoration in southwest Oregon. The 382 

large number of adaptation options, many of which are a component of current management 383 

practice, provide a pathway for slowing the rate of deleterious change in resource conditions. 384 
Rapid implementation of adaptation in resource planning and management will help maintain 385 
critical structure and function of aquatic and terrestrial ecosystems in southwest Oregon. Long-386 
term monitoring will help detect potential climate change effects on natural resources, and 387 
evaluate the effectiveness of adaptation options that have been implemented.  388 
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Chapter 1: Introduction 429 

 430 

Joanne J. Ho1 431 

 432 

 433 

Introduction 434 

 435 
The Southwest Oregon Adaptation Partnership (SWOAP) (fig. 1.1) is a science-management 436 
partnership with the Rogue River-Siskiyou National Forest, Umpqua National Forest, Medford 437 
District of the Bureau of Land Management (BLM), Roseburg District of the BLM, Oregon 438 
Caves National Monument and Preserve (box 1.1), U.S. Forest Service (USFS) Pacific 439 
Northwest Research Station, USFS Rocky Mountain Research Station, USFS Pacific Northwest 440 

Region, University of Washington, Cow Creek Band of Umpqua Tribe, Confederated Tribes of 441 
Siletz Indians, The Nature Conservancy, and other local interest groups. Initiated in fall of 2016, 442 
the SWOAP is a collaborative project with the goals of increasing climate change awareness, 443 
assessing climate change vulnerability, and developing science-based adaptation options to 444 
reduce adverse effects of climate change and ease the transition to new climate states and 445 
conditions (see http://adaptationpartners.org/swoap). Developed in response to proactive climate 446 
change strategies of the USFS (USDA FS 2008, 2010a,c), and building on previous efforts in 447 
national forests (Halofsky and Peterson 2017; Halofsky et al. 2011, 2018a,b, 2019; Hudec et al. 448 
2019; Littell et al. 2012; Raymond et al. 2013, 2014; Rice et al. 2012; Swanston et al. 2011, 449 
2016) and on other regional efforts (Myer 2013), the partnership brings together resource 450 
managers, research scientists, and stakeholders to plan for climate change in southwest Oregon.  451 

 452 

 453 

Biogeography of Southwest Oregon 454 

 455 
The SWOAP assessment area (1.9 million ha) is located in the southwestern corner of Oregon, 456 
from the crest of the Cascade Range to the Coast Range. The major rivers in the assessment area 457 
are the Rogue River with its two southern tributaries, the Applegate River and Illinois River, and 458 
the two forks of the Umpqua River upstream of their confluence. The assessment area spans 459 
across Coos, Curry, Douglas, Jackson, Josephine, Klamath, and Lane counties in Oregon and a 460 
small portion of Siskiyou County in northern California (fig. 1.1). 461 

The Rogue Basin is comprised of five subbasins; the Lower Rogue River, Middle Rogue 462 
River, Upper Rogue River, Illinois, and Applegate all drain to the Pacific Ocean. The Rogue 463 
River originates at Crater Lake National Park and drains over 75 percent of the Rogue River-464 

Siskiyou National Forest land area into the Pacific Ocean. Other Wild and Scenic Rivers include 465 

the Chetco River, Elk River, Illinois River, Klamath River, north fork of the Smith River, River 466 
Styx, and Umpqua River. Many of these rivers are recognized for high water quality, providing 467 
habitat for fish, and natural scenic qualities for recreation. Aquatic species supported by these 468 

rivers and streams include Chinook salmon (Oncorhynchus tshawytscha Walbaum in Artedi), 469 
coho salmon (O. kisutch Walbaum, steelhead trout (O. mykiss Walbaum), coastal cutthroat trout 470 
(O. clarkii clarkii Richardson), Pacific lamprey (Entosphenus tridentatus Richardson), and 471 

                                                           
1 Joanne J. Ho was a research economist with the University of Washington, School of 
Environmental and Forest Sciences, Seattle, WA. 
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Umpqua chub (Oregonichthys kalawatseti Markle, Pearsons and Bills). 472 

Due to diverse climate and geology, the Rogue Basin has some of the most botanically 473 
and genetically diverse flora in the nation, with 26 different conifer species and an abundance of 474 
rare and endemic plants. The Cascade Range features high-elevation, snow-capped volcanic 475 
peaks above conifer forests with meadows, lakes, and meandering streams. The Siskiyou region 476 
contains open oak woodlands and conifer forests in a landscape of complex geology, soils, and 477 
plant communities. Maritime forests dominate the coastal mountain range, where temperatures 478 
rarely exceed 24˚ C in the summer and snow is rare in the winter. Maritime climate effects 479 
diminish farther inland, where summer temperatures often reach 27-32 ˚C.  480 

Geological composition in the assessment varies from granitics to metamorphosed 481 
peridotites (serpentine) ranging from 200 million years in age to the recent ice-age alluviums 482 
approximately 50,000 years old. The Cascade Range is composed of relatively recent (60 million 483 
years old) igneous rock, whereas the Coast Range is comprised of sedimentary rocks. 484 

 Lower elevation forests consist of mixed conifer and hardwoods, transitioning upland 485 
into stands of Douglas-fir (Pseudotsuga menziesii [Mirb.] Franco), white fir (Abies concolor 486 
[Gordon & Glend.] Lindl. ex Hildebr.), western hemlock (Tsuga heterophylla [Raf.] Sarg), 487 
western redcedar (Thuja plicata Donn ex D. Don), Pacific silver fir (Abies amabilis Douglas ex 488 
J. Forbes), Shasta red fir (Abies magnifica A. Murray), and mountain hemlock (Tsuga 489 
mertensiana [Bong.] Carrière). Glaciers, whitewater rapids, volcanic basalt, and andesite 490 
monolithic spires are among iconic features of the Umpqua National Forest, which has a diverse 491 
habitat that supports over 250 wildlife species including elk (Cervus elaphus L.), deer, American 492 
black bear (Ursus americanus Pallas), mountain lion (Puma concolor L.), bats (brown bat 493 

[Myotis lucifugus], pallid bat [Antrozous pallidus LeConte], Indiana bat [Myotis sodalist], 494 
northern long-eared bat [Myotis spetentronalis]), northern spotted owl (Strix occidentalis caurina 495 
Merriam), eagles, western osprey (Pandion haliaetus [Linnaeus]), and peregrine falcons (Falco 496 

peregrinus anatum Bonaparte). 497 

In the southeastern portion of the assessment area, the Medford BLM District is largely 498 
composed of dry Douglas-fir-dominated forests (approximately 50 percent), with a mesic white 499 
fir and Douglas-fir forest component (approximately 30 percent), and some oak woodlands 500 
(approximately 5 percent). The Roseburg BLM District in the northwestern portion of the 501 
assessment area is composed of moist western hemlock and Douglas-fir forest (primarily in the 502 
northern portion) (approximately 35 percent), dry Douglas-fir forests (approximately 30 percent), 503 
and mesic Douglas-fir and white fir forests (approximately 25 percent). Oregon Caves National 504 

Monument and Preserve is composed of moist forest (approximately 10 percent), mesic white fir 505 
and Douglas-fir forests (approximately 70 percent), with high-elevation mountain hemlock 506 
forests and parkland in the eastern portion of the park. 507 

Recent major fires in southwest Oregon include the Biscuit Fire in 2002, which burned 508 
nearly 200,000 ha. In 2017, the Chetco Bar fire burned over 77,000 ha, 40,000 ha of which was a 509 

reburn of the Biscuit Fire area (fig. 5.7). The 2018 Klondike Fire (70,000 ha) also burned over a 510 
portion of the Biscuit Fire. The 2017 High Cascade Fire Complex burned 31,030 ha across 511 

Crater Lake National Park, Rogue River-Siskiyou National Forest, Umpqua National Forest, and 512 
Fremont-Winema National Forest. The Umpqua North Complex fire of 2017 burned 17,500 ha. 513 

Land use in the SWOAP assessment area has evolved over time. Prior to the arrival of 514 
European settlers in the mid-19th century, human presence in southwest Oregon dates back over 515 
10,000 years. Ancestors of the Umpqua, Southern Molala, Yoncalla, and Cow Creek Band of 516 
Umpqua Tribe of Indians lived in and managed the landscape of southwest Oregon, using fire to 517 
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create habitat for birds, mammals, and traditional plant foods. In 1856, these tribes were moved 518 

to reservations.  519 
As the population of European settlers increased over time, the forests provided timber to 520 

build infrastructure that supported the Gold Rush and further developments in the region. 521 
Between 1960 and 1990, timber harvest ranged from 6,375 to 45,500 thousand board feet (MBF) 522 
per year (fig. 9.1). The Northwest Forest Plan of 1994 curtailed timber production significantly 523 
in order to protect habitat for endangered species, bringing timber production in the area to no 524 
more than 1,114 MBF per year from 1994 to 2016.  525 

Recreation is currently a prominent use of public lands in southwest Oregon. The Rogue 526 
River was named one of eight rivers in the Wild and Scenic Rivers Act of 1968 (National Wild 527 
and Scenic Rivers System), with more than 6,400 km of fish-bearing tributary streams (Myer 528 
2013). Outdoor recreation participation in Oregon more than doubled between 1982 and 2009 for 529 
the activity walking for pleasure. Viewing and photographing birds more than quadrupled in the 530 

same time period, while canoeing and kayaking also more than doubled (OPRD 2013). Other 531 
popular activities include rafting, wilderness exploration, lake and stream fishing, snowmobiling, 532 
horse riding, and bicycling. 533 

Population in the SWOAP assessment area for 2016 was 927,885 (22.8 percent of 534 
statewide population) (OSoS 2018). In 2017, outdoor recreation as an industry in the State of 535 
Oregon accounted for $16.4 billion in consumer spending, $5.1 billion in wages and salaries, and 536 
172,000 direct jobs (OIA 2018). The Oregon wood products industry provided 58,000 jobs and 537 
an average annual wage of $49,200 in 2013 (OFIC 2018). 538 
 539 

 540 

Climate Change Response in the Forest Service  541 

 542 

Climate change is an agency-wide priority for the USFS, which has issued direction to 543 
administrative units for responding to climate change (USDA FS 2008) (table 1.1). In 2010, the 544 
USFS provided specific direction to the National Forest System in the form of the National 545 
Roadmap for Responding to Climate Change (USDA FS 2010a) and the Performance Scorecard 546 
(2011-2016) for Implementing the Forest Service Climate Change Strategy (USDA FS 2010a). 547 
The overarching goal of the USFS climate change strategy is to “ensure our national forests and 548 
private working lands are conserved, restored, and made more resilient to climate change, while 549 
enhancing our water resources” (USDA FS 2010a). To achieve this goal, starting in 2011, each 550 
national forest and grassland began using a 10-point scorecard system to report accomplishments 551 
on ten elements in four dimensions: (1) increasing organizational capacity; (2) partnerships, 552 

engagement, and education; (3) adaptation; and (4) mitigation and sustainable consumption. 553 
Progress towards accomplishing elements of the scorecard was reported annually from 2011-554 

2016 by each national forest and grassland; all units were expected to accomplish 7 of 10 criteria 555 
by 2015, with at least one “yes” in each dimension. 556 

The SWOAP built on previous efforts in ecosystem-based management to address 557 
climate change in the western United States and tiered efforts in southwest Oregon to that 558 
broader context. Other efforts (table 1.2) have also demonstrated the success of science-559 

management partnerships to increase climate change awareness among resource managers and 560 
promote climate change adaptation on federal lands. These previous assessments were intended 561 
to help national forest managers identify where limited resources could be best invested to 562 

increase resilience to climate change.  563 
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The processes, products, and techniques used for several studies and other climate change 564 

efforts on national forests have been compiled in a guidebook for developing adaptation options 565 
for national forests (Peterson et al. 2011). The guidebook outlines four key steps to facilitate 566 
adaption in national forests: (1) become aware of basic climate change science and integrate that 567 
understanding with knowledge of local conditions and issues (review), (2) evaluate sensitivity of 568 
natural resources to climate change (rank), (3) develop and implement options for adapting 569 
resources to climate change (resolve), and (4) monitor the effectiveness of on-the-ground 570 
management (observe) and adjust as needed. SWOAP is focused on implementation of the 571 
principles and practices discussed in the guidebook.  572 

Risks and vulnerabilities associated with climate change, and gaps in scientific 573 
knowledge and policy need to be assessed on a continual basis. Engaging employees, partners, 574 
and the general public in productive discussions about climate change and adaptation is an 575 
integral part of successfully responding to climate change. Furthermore, sharing climate change 576 

information, vulnerability assessments, and adaptation strategies across administrative 577 
boundaries will further enhance the success of climate change responses in southwest Oregon. 578 

 579 

 580 

Southwest Oregon Adaptation Partnership Process 581 

 582 

The USFS climate change strategy identifies the need to build partnerships and work across 583 

jurisdictional boundaries when planning for adaptation. This concept of responding to the 584 

challenge of climate change with an “all-lands” approach is frequently mentioned, but a process 585 

for doing so is rarely defined. In addition to representatives from the USFS and BLM, several 586 

other agencies and organizations participated in the SWOAP workshop, including the National 587 

Park Service, Oregon Parks and Recreation Department, Confederated Tribes of Siletz Indians, 588 

Cow Creek Band of Umpqua Tribe, Southern Oregon Climate Action Now, Southern Oregon 589 

Forest Restoration Collaborative, and members of the public. This type of partnership enables a 590 

coordinated and complementary approach to adaptation that crosses jurisdictional boundaries. 591 

SWOAP also provides a venue for agencies to learn from the practices of others so that the most 592 

effective adaptation options can be identified. 593 
The SWOAP assessment area includes Rogue River-Siskiyou National Forest, Umpqua 594 

National Forest, Medford Bureau of Land Management (BLM) District, Roseburg BLM District, 595 
and Oregon Caves National Monument and Preserve. Oregon Department of Forestry lands and 596 
private forest lands also occur within the assessment area, but were not specifically included in 597 
analyses conducted for the assessment. The SWOAP process included:  598 

 A vulnerability assessment of the effects of climate change on hydrology, water uses and 599 
infrastructure, fisheries, forest vegetation and disturbance, wildlife, recreation, and 600 

ecosystem services. These resource sectors were selected by resource specialists based on 601 
current management concerns and challenges.  602 

 Development of adaptation options that will help reduce negative effects of climate 603 

change and assist the transition of biological systems and management to a warmer and a 604 
changing climate. 605 

 Development of an enduring science-management partnership to facilitate ongoing 606 
dialogue and activities related to climate change. 607 

 608 
Vulnerability assessments typically involve measures of exposure, sensitivity, and 609 
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adaptive capacity (Parry et al. 2007), where exposure is the degree to which the system is 610 

exposed to changes in climate, sensitivity is an inherent quality of the system that indicates the 611 
degree to which it could be affected by climate change, and adaptive capacity is the ability of a 612 
system to respond and adjust to the exogenous influence of climate. Vulnerability assessments 613 
can be both qualitative and quantitative and focus on whole systems or individual species or 614 
resources (Glick et al. 2011). Several tools and databases are available for systematically 615 
assessing sensitivity of species (e.g., Case and Lawler 2016, Luce et al. 2014, Potter and Crane 616 
2010). 617 

We used model output, scientific literature, and expert knowledge to assess exposure, 618 
sensitivity and adaptive capacity and to identify key vulnerabilities for the identified resource 619 
areas of concern. The process took place over 16 months and involved monthly phone meetings 620 
for each resource-specific assessment team. Each assessment team identified key questions to 621 
address, selected values to assess, and determined which climate change models and tools that 622 

best informed the assessment. In some cases, assessment teams conducted spatial analyses and/or 623 
ran and interpreted models, selected criteria on which to evaluate model outputs, and developed 624 
maps of model outputs and resource sensitivities. To the greatest extent possible, teams focused 625 
on effects and projections specific to the region and used the finest scale projections that are 626 
scientifically valid. 627 

By working collaboratively with scientists and resource managers and focusing on a 628 
specific region, the SWOAP provides the scientific foundation for operationalizing climate 629 
change in forest management planning and project implementation (Peterson et al. 2011; 630 
Raymond et al. 2013, 2014; Swanston et al. 2016). After identifying and assessing vulnerabilities 631 
for each resource sector, scientists, land managers, and stakeholders convened at a workshop in 632 
April 2018 in Grants Pass, Oregon to present and discuss findings of the vulnerability assessment 633 
and to elicit ideas for adaptation options. Facilitated dialogue was used to identify key 634 

sensitivities and adaption options. Participants identified strategies (general approaches) and 635 
tactics (on-the-ground actions) for adapting resources and management practices to climate 636 
change as well as opportunities for implementing these adaptation actions into projects, 637 
management plans, partnerships, and policies. Participants generally focused on adaptation 638 
options that could be implemented given our current scientific understanding of climate change 639 
effects, but they also identified research and monitoring that would benefit future efforts to 640 
assess vulnerability and guide management practices. Facilitators captured information generated 641 
during the workshops with worksheets adapted from Swanston et al. (2016).  642 

This publication contains a chapter on climate in southwest Oregon, and one chapter for 643 
each of the resource sectors addressed in the vulnerability assessment: water resources and 644 
infrastructure, fish and aquatic habitat, forest vegetation and disturbance, wildlife habitats, 645 
recreation, ecosystem services. Each chapter summarizes adaptation options generated at the 646 
workshop. A final chapter provides conclusions about the process and next steps for applications 647 

of the vulnerability assessment and adaptation information.  648 
Resource managers and other decision makers can use this publication in several ways. 649 

First, the vulnerability assessment will provide information on climate change effects needed for 650 
forest planning, environmental effects analyses, conservation strategies, and monitoring. Second, 651 
climate change sensitivities and adaptation options developed at the broad scale provide the 652 
scientific foundation for finer-scale assessments. We expect that over time, and as needs and 653 
funding align, appropriate adaptation options will be incorporated into plans for specific 654 
management units. Third, we anticipate that resource specialists will apply the information in 655 
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this assessment to forest management projects, thus operationalizing climate-smart resource 656 

management and planning. 657 
Adaptation planning is an ongoing and iterative process. Implementation of adaptation 658 

planning or actions may occur at any time, such as when managers revise national forest land 659 
management plans and other planning documents, or after the occurrence of extreme events and 660 
ecological disturbances (e.g., wildfire, flooding). We focus on adaptation options for the USFS, 661 
but information in this publication can be used by other land management agencies as well. Just 662 
as the SWOAP process has been adapted from previous vulnerability assessments and adaptation 663 
planning efforts, other national forests and organizations can further adapt the SWOAP process, 664 
thus propagating climate-smart management across larger landscapes. 665 
 666 
 667 
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Figure 1.1—Assessment area for the Southwest Oregon Adaptation Partnership. 791 
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Table 1.1—U.S. Forest Service policies related to climate change  802 

 803 
Policy Description 
Forest Service Strategic Framework 
for Responding to Climate Change 

(USDA FS 2008) 

Developed in 2008, the Strategic Framework is based on seven strategic 
goals in three broad categories: foundational, structural, and action. The 
seven goals are science, education, policy, alliances, adaptation, mitigation, 
and sustainable operations.  
 
Like the challenges themselves, the goals are interconnected; actions that 
achieve one goal tend to help meet other goals. The key is to coordinate 
approaches to each goal as complementary parts of a coherent response to 
climate change. All seven goals are ultimately designed to achieve the 
same end (the USFS mission): to ensure that Americans continue to benefit 
from ecosystem services from national forests and grasslands.  
 

USDA 2010-2015 Strategic Plan 

(USDA FS 2010c) 
 

In June 2010, the U.S. Department of Agriculture released the Strategic 
Plan that guides its agencies toward achieving several goals including 
Strategic Goal 2—Ensure our national forests and private working lands are 
conserved, restored, and made more resilient to climate change, while 
enhancing our water resources. This goal has several objectives. Objective 
2.2 is to lead efforts to mitigate and adapt to climate change. The 
performance measures under this objective seek to reduce greenhouse gas 
emissions by the U.S. agricultural sector, increase the amount of carbon 
sequestered on U.S. lands, and bring all national forests into compliance 
with a climate change adaptation and mitigation strategy. The USFS 
response to this goal includes the National Roadmap for Responding to 
Climate Change and Performance Scorecard. 
 

National Roadmap for Responding 
to Climate Change 

(USDA FS 2010b) 
 

Developed in 2011, the Roadmap integrates land management, outreach, 
and sustainable operations accounting. It focuses on three kinds of 
activities: assessing current risks, vulnerabilities, policies, and gaps in 
knowledge; engaging partners in seeking solutions and learning from as 
well as educating the public and employees on climate change issues; and 
managing for resilience in ecosystems and human communities through 
adaptation, mitigation, and sustainable consumption strategies. 
 

Climate Change Performance 
Scorecard 

(USDA FS 2010a) 
 

To implement the Roadmap, starting in 2011, each national forest and 
grassland began using a 10-point scorecard to report accomplishments and 
plans for improvement on 10 questions in four dimensions: organizational 
capacity, engagement, adaptation, and mitigation. By 2015, each is 
expected to answer “yes” to at least seven of the scorecard questions, with 
at least one “yes” in each dimension. The goal is to create a balanced 
approach to climate change that includes managing forests and grasslands 
to adapt to changing conditions, mitigating climate change, building 
partnerships across boundaries, and preparing employees to understand 
and apply emerging science. 
 

2012 Planning Rule 

(USDA FS 2012) 
 

The 2012 Planning Rule is based on a planning framework that will facilitate 
adaptation to changing conditions and improvement in management based 
on new information and monitoring. There are specific requirements for 
addressing climate change in each phase of the planning framework, 
including in the assessment and monitoring phases, and in developing, 
revising, or amending plans. The 2012 Planning Rule emphasizes restoring 
the function, structure, composition, and connectivity of ecosystems and 
watersheds to adapt to the effects of a changing climate and other 
ecosystem drivers and stressors, such as wildfire and insect outbreaks. A 
baseline assessment of carbon stocks required in assessment and 
monitoring will check for measureable changes in the plan area related to 
climate change and other stressors. 
 
Requirements of the Roadmap and Scorecard and requirements of 
the 2012 Planning Rule are mutually supportive and provide a framework 
for responding to changing conditions over time. 

804 

 805 
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Table 1.2—Climate change vulnerability assessments on Forest Service lands 806 
 807 

Publication  Project  States Federal landsa Area 
(million ha) 

Vulnerability 
assessment? 

Adaptation 
options? 

Hayward et 
al. 2017 

Assessment for 
southcentral 
Alaska 
 

Alaska Chugach NF, 
Kenai Peninsula 

9.2 Yes No 

Halofsky et 
al. 2011 

Olympic 
Adaptation 
Partnership 
 

Northwest 
Washington 

Olympic NF, 
Olympic NP 

0.6 Yes Yes 

Raymond et 
al. 2014 

North Cascadia 
Adaptation 
Partnership 

Northern 
Washington 

Mt. Baker-
Snoqualmie NF, 
Okanogan-
Wenatchee NF, 
North Cascades 
NP, Mt. Rainier 
NP 
 

2.4 Yes Yes 

Halofsky and 
Peterson 
2017 

Blue Mountains 
Adaptation 
Partnership 

Oregon Malheur NF, 
Umatilla NF, 
Wallowa-Whitman 
NF 

2.1 Yes Yes 

Halofsky et 
al. 2019 

South Central 
Oregon 
Adaptation 
Partnership 

Oregon Deschutes NF, 
Fremont-Winema 
NF, Ochoco NF, 
Crooked River 
National 
Grassland, Crater 
Lake NP 
 

2.0 Yes Yes 

Halofsky et 
al. 2018a 

Northern 
Rockies 
Adaptation 
Partnership 

Montana, 
northern 
Idaho, South 
Dakota, NW 
Wyoming 
 

15 national 
forests, 3 national 
parks 

74 Yes Yes 

Halofsky et 
al. 2018b 

Intermountain 
Adaptation 
Partnership 

Utah, 
Nevada, 
southern 
Idaho, NW 
Wyoming  
 

12 national 
forests, 22 
National Park 
Service units 

13.8 Yes Yes 

Hudec et al. 
2019 
 

Southwest 
Washington 
Adaptation 
Partnership 
 

Washington Gifford Pinchot 
NF 

0.5 Yes Yes 

Rice et al. 
2012 

Assessment for 
Shoshone 
National Forest 
  

Wyoming Shoshone NF 1.0 Yes No 

Littell et al. 
2012, Morelli 
et al. 2012 

Assessment for 
eastern 
California 
 

California Tahoe NF, Inyo 
NF, Devils 
Postpile NM 
 

0.5 Yes Yes 

Furniss et al. 
2013 

Watershed 
Vulnerability 
Assessments 

Nationwide 11 national forests 
across U.S. 
 

NA Yes No 
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Butler et al. 
2015 

Central 
Appalachians 

Northeastern 
and 
midwestern 
U.S. 

Northwoods, 
Central 
Appalachians, 
Central 
Hardwoods, Mid-
Atlantic, New 
England, urban 
 

101 Yes No 

Swanston et 
al. 2011, 
2016 

Climate 
Change 
Response 
Framework 
 

Northern 
Wisconsin 

Chequamegon-
Nicolet NF 

7.5 Yes No 

Janowiak et 
al. 2014 

Northwoods 
Climate 
Change 
Response 
Framework 
Project 
 

Northern 
Wisconsin, 
Michigan 

Chequamegon-
Nicolet NF, 
Ottawa NF 

6.5 Yes No 

a NF=National Forest, NP=National Park, NM=National Monument. 808 

 809 

 810 

Box 1.1 811 

Characteristics of Federal Management Units in the Southwest Oregon 812 

Adaptation Partnership 813 

 814 

Rogue River-Siskiyou National Forest 815 

 Total area: 697,346 ha 816 

 Area of timber harvested (completed FY 2017): 423 ha 817 

 Area burned by wildfire (2017): 94,680 ha 818 

 Livestock grazing: 14,994 AUMs 819 

 Protected wilderness area: 229,000 ha 820 

 Recreation activities: Beach and dunes, camping, climbing, fishing, hunting, bicycling, 821 
hiking, horse riding, nature viewing, watersports (motorized and non-motorized boating, 822 
rafting, swimming, tubing, waterskiing, windsurfing), winter sports (skiing and 823 
snowboarding, sledding/tubing, snowmobiling, cross-country skiing and snowshoeing) 824 

 825 
Umpqua National Forest 826 

 Total area: 397,858 ha 827 

 Area of timber harvested (completed FY 2017): 277 ha 828 

 Area burned by wildfire (2017): 25,944 ha 829 

 Livestock grazing: 1,249 Animal Unit Months (AUMs)* 830 

 Protected wilderness area: 43,382 ha 831 

 Recreation activities: Beach and dunes, camping, climbing, fishing, hunting, mountain 832 
biking and bicycling, hiking, horse riding, nature viewing, watersports (motorized and 833 

non-motorized boating, rafting, surfing, swimming, tubing, waterskiing, windsurfing), 834 
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winter sports (ice skating, mushing/skijoring, skiing and snowboarding, sledding/tubing, 835 

snowmobiling, cross-country skiing and snowshoeing) 836 
 837 

Bureau of Land Management (BLM) Medford District 838 

 Total area: 354,508 ha 839 

 Timber harvest (2017): 26.3 million board-feet 840 

 Total value of special forest products harvested (2016): $28,810 841 

 Area burned by wildfire (2017): 57 ha 842 

 Livestock grazing (2017): 7,473 AUMs 843 

 Areas of critical environmental concern: 11,812 ha 844 

 Total recreation visits (2017): 1,191,348 845 

 Wilderness areas: 13,480 ha 846 
 847 

 BLM Roseburg District 848 

 Total area: 172,413 ha 849 

 Timber harvest (2017): 46.3 million board-feet 850 

 Total value of special forest products harvested (2016): $65,786 851 

 Area burned by wildfire (2017): 3,119 ha 852 

 Areas of critical environmental concern: 4,108 ha 853 

 Total recreation visits (2017): 888,671 854 
 855 
Oregon Caves National Monument and Preserve 856 

 Total area: 1843 ha 857 

 Key natural features: cave/karst systems, rivers and streams 858 

 Notable wildlife species: bats, corvids, northern spotted owl, Pacific marten, black bear, 859 
mountain lion 860 

 Total recreation visits (2013): 72,717 861 

 Recreation activities: cave tours, hiking, wildlife viewing, hunting 862 
 863 

* An AUM is the forage required to sustain one cow/calf pair (or its equivalent) for one month  864 

  865 
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Chapter 2: Climate Change in Southwest Oregon 866 

 867 

James A. Miller and John B. Kim1868 

 869 

 870 

Historical and Current Climate in Southwest Oregon 871 

 872 
The Southwest Oregon Adaptation Partnership (SWOAP) assessment area extends from the 873 
Pacific Ocean eastward to the crest of the Cascade Mountains, and occupies about two degrees of 874 
latitude from the California border to the southern edge of the Willamette Valley. It includes two 875 
national forests (Rogue River-Siskiyou and Umpqua), two Bureau of Land Management (BLM) 876 
districts (Roseburg and Medford), and two national monuments (Cascade-Siskiyou and Oregon 877 

Caves). Elevations across the assessment area range from near sea level to 2894 m on the summit 878 
of Mount McLoughlin, with most major cities located below 600 m. Typical elevations within 879 
the area’s national forests are between 1000 to 1500 m (fig. 2.1A). The SWOAP assessment area 880 
covers two climate divisions classified by the National Centers for Environmental Information, 881 
Oregon climate divisions 1 and 3, though the majority of the region coincides with Oregon 882 
climate division 3 (Southwestern Valleys). The coastal foothills within the SWOAP region are 883 
covered by Oregon climate division 1 (Coastal Area). 884 

A mediterranean precipitation pattern characterized by wet winters and very dry 885 
summers, Köppen’s Cs climate classification, prevails in southwest Oregon (fig 2.2). On both 886 
Rogue River-Siskiyou and Umpqua National Forests, approximately 75 percent of annual 887 
precipitation occurs between October and March. Summers in the region are among the driest in 888 
the United States with less than 5 percent of the annual precipitation falling between June and 889 
August. Annual precipitation on Rogue River-Siskiyou National Forest averages over 2000 mm, 890 

though this value varies from just over 600 mm near the Applegate Valley to over 4000 mm on 891 
the windward slope of the Coast Range (figs. 2.1B, 2.2C). On Umpqua National Forest, the 892 
annual average precipitation is lower at about 1400 mm, ranging from a minimum of 950 mm at 893 
low elevation regions to slightly over 2100 mm at the highest elevations (figs. 2.1B, 2.2D).   894 

Precipitation within the region is modulated in part by the interannual El-Niño Southern 895 
Oscillation (ENSO) and the interdecadal Pacific Decadal Oscillation (PDO) (Redmond and Koch 896 
1991). The PDO is thought to be a slow North Pacific response to ENSO forcing and not a single 897 
phenomenon, but rather, a response to three distinct ocean-atmosphere feedbacks (Newman et al. 898 
2016). While tropical Pacific conditions are a primary control on regional precipitation, Miller 899 

and Goodrich (2007) demonstrate that there are important subregional patterns, each with 900 
distinct trends and teleconnection relationships. As such, the strength of precipitation-901 
teleconnection relationships varies significantly across the Pacific Northwest (PNW). Some 902 

research suggests that the ENSO and PDO reinforce one another when they are in the same phase 903 
and dampen their impacts when they are out of phase (e.g., Mote et al. 2003), though PDO plus 904 
ENSO analysis is limited by the small number of observed PDO cycles.  905 

                                                           
1James A. Miller is an air quality specialist, U.S. Department of Agriculture, Forest Service, 
Pacific Northwest Region, 1220 SW 3rd Avenue, Suite 1600, Portland, OR 97204, and John B. 
Kim is a biological scientist, U.S. Department of Agriculture, Forest Service, Pacific Northwest 
Research Station, Forestry Sciences Laboratory, 3200 SW Jefferson Way, Corvallis, OR 97331. 
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The annual average temperature in the majority of the region’s cities ranges from about 906 

11 °C to 12 °C. Despite similar average temperatures between coastal locations such as North 907 
Bend and inland locations like Medford, temperature seasonality increases significantly away 908 
from the coast. Along the coast, the difference between average winter and summer temperatures 909 
is about 6 to 7 °C, while farther inland, temperature seasonality increases to over 15 °C at sites 910 
like Fish Lake and Medford.  911 

Winter temperatures are generally mild with daytime temperatures at most locations 912 
ranging from 8 °C to 12 °C, though winter minimum temperatures commonly drop below 913 
freezing at all but the coastal locations (fig. 2.1D). At higher elevation locations on the Umpqua 914 
National Forest west of Crater Lake National Park, nighttime temperatures below freezing occur 915 
over 200 nights per year. In contrast, coastal locations generally experience fewer than 15 days 916 
per year below freezing. The most populated cities of the SWOAP assessment area (Ashland, 917 
Grants Pass, Medford, and Roseburg) typically have between 40 and 100 days per year below 918 

0 °C.  919 
Summer temperatures vary significantly due to elevation and coastal proximity, with 920 

maximum temperatures averaging around 18 to 20 °C along the coast, while inland valley 921 
temperatures often exceed 30 °C at locations like Cave Junction and Medford (fig. 2.1C). At 922 
higher elevation locations on the two national forests, the average summer maximum 923 
temperature is generally below 20 °C, similar to the regional coastal cities, which reflects the 924 
strong moderating influence of the relatively cold Pacific Ocean. The warm and sunny conditions 925 
that prevail during most of the summer in southwest Oregon lead to high fire danger.  926 

Temperatures in the SWOAP assessment area have increased since 1895 (figs. 2.3, 2.4). 927 
The mean annual temperature for the region, based on PRISM gridded climate data (Daly et al. 928 
2008), has increased by 0.05 °C per decade, a rate less than half indicated by the average of 929 
United States Historical Climate Network (USHCN) (Menne et al. 2009) stations in the region 930 

(0.13 °C per decade) and in the Oregon climate division 3 (0.11 °C per decade) dataset. Though 931 
its developers specifically caution against using PRISM for long-term trend analysis, we elected 932 
to include it for comparison to results from recent PNW climate change research (e.g., 933 
Abatzoglou et al. 2014). The likely explanation for the differing warming rates in the observed 934 
datasets is that the USHCN and climate division dataset have statistical adjustments to the 935 
original data resulting in lower temperatures in the early 20th century and higher temperatures in 936 
the latter half of the century. These adjustments are made to account for station moves, change of 937 
instrumentation, urban heat island impacts, and other factors that would create biases. There is 938 

some uncertainty about the reliability of pre-1931 climate division data (Allard et al. 2015). 939 
Some of the SWOAP assessment area stations in the USHCN network are created from data 940 
infill procedures, where missing original data are thus created from a nearest neighbor station 941 
that may be located relatively far away. We present here each of the temperature datasets to 942 
provide a range of observed temperature increase estimates for the SWOAP assessment area. 943 

As with the annual temperature increase, there is variability among the observed datasets 944 
in the characterization of maximum and minimum temperature change (fig. 2.4). In the climate 945 

division dataset, maximum temperature increased more than minimum temperature in both 946 
SWOAP climate divisions. However, in the USHCN and PRISM datasets, minimum temperature 947 
increased more than maximum temperature. In the PRISM dataset, the minimum temperature 948 
increase is 3 to 5 times larger in magnitude than maximum temperature, which did not increase 949 
by a statistically significant amount on either national forest. Abatzoglou et al. (2014) found that 950 
minimum temperatures increased by more than maximum temperatures in the PNW since 1920, 951 
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but observed similar trends for both during the past 50 years. Global climate change assessments 952 

also generally indicate that minimum temperatures have increased more than maximum 953 
temperatures worldwide (Vose et al. 2005), leading to a decrease in diurnal temperature range. 954 
Bumbaco et al. (2013) showed that the frequency of nighttime minimum temperatures exceeding 955 
the 99th percentile for June to September increased markedly in western Washington and Oregon 956 
over the last century, though trends in the frequency of maximum temperatures exceeding the 957 
99th percentile were not observed.  958 

Seasonal temperature trends in the observed datasets are more consistent (fig. 2.5). 959 
Summer temperatures have increased the most in the region, ranging from 0.07 °C per decade on 960 
Rogue River-Siskiyou National Forest in the PRISM dataset to 0.17 °C per decade in Oregon 961 
climate division 3. In each of the datasets, spring exhibited the least warming, with no 962 
statistically significant change in temperature on either forest in the PRISM dataset. This is 963 
consistent with Abatzoglou et al. (2014), who found that PNW spring temperatures actually 964 

declined from 1980 to 2012, though in that time period, the other three seasons each warmed at 965 
an accelerated rate compared to 1900-1980. However, the observed regional temperature datasets 966 
reveal that the 4th and 5th hottest spring seasons occurred in 2016 and 2015, respectively. 967 
Furthermore, 6 of the 10 hottest years recorded in the region have occurred since 2003, with the 968 
hottest summer (2015) and year (2015) also observed during that time. 969 

There is no significant long-term trend in annual precipitation on either forest or in 970 
Oregon climate division 3 (fig. 2.6). This broadly matches observations from Mote et al. (2003) 971 
and Abatzoglou et al. (2014) for the greater PNW. There is some indication of a minor increase 972 
in SWOAP spring precipitation in recent decades, which mirrors a primary finding of 973 
Abatzoglou et al. (2014), who noted that spring precipitation increased during the period 1901-974 
2012. They also found that summer and autumn precipitation decreased since 1901, a result not 975 
revealed in the SWOAP data. Luce et al. (2013) suggest that orographic precipitation in the 976 

PNW has decreased since 1950 due to a weakening of tropospheric westerly winds, but there is a 977 
notable lack of high-elevation observational data within the SWOAP assessment area to assess 978 
this finding. Throughout the SWOAP assessment area, the driest period was during the mid-979 
1920s to mid-1930s when a warm phase of the PDO occurred. The highest annual average 980 
precipitation occurred during the 30-year period 1941-1970 when a cold phase of the PDO 981 
prevailed.  982 

Another way to examine long-term moisture trends is to assess drought with the Palmer 983 
Drought Severity Index (PDSI), a standardized index that uses precipitation and temperature data 984 

to estimate water availability. The index ranges from -10 (dry) to 10 (wet) with values less than -985 
3 indicative of severe drought. The PDSI for OR climate division 3 (Southwestern Valleys) 986 
exhibits considerable interannual and interdecadal variability (fig. 2.7). Overall, there is no long-987 
term trend towards either wetter or drier conditions, though the highest (wettest) and lowest 988 
(driest) 36-month running mean PDSI values have each occurred in the past 20 years. In the 989 

SWOAP assessment area, the most recent 27-year period (1987-2013) was characterized by 990 
increased drought severity compared to the period 1960 to 1986 (fig. 2.8). This suggests an 991 

intensification of the hydrologic cycle, consistent with global assessments (Durack et al. 2012).  992 
However, there were no droughts in the previous 120 years thought to be as severe as the mega-993 
droughts that occurred during the 16th century (Stahle et al. 2007). Moreover, Cook et al. (2004) 994 
suggest that the 20th century was a relatively wet period for western North America in the 995 
context of the past 1200 years.  996 
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April 1 snow water equivalent (SWE) is a common measure of snowpack used by water 997 

resource managers across the western United States (McCabe and Legates 1995). This 998 
information is collected by real-time snow telemetry (SNOTEL) stations and non-real-time snow 999 
course/aerial survey monitors. The SNOTEL era began in 1979 while snow course data extend 1000 
back to the mid-1930s within the region. There is no statistically significant trend in April 1 1001 
SWE at Rogue River-Siskiyou and Umpqua National Forest locations as indicated by the 1002 
SNOTEL data (fig. 2.9). However, snow course data for the SWOAP assessment area indicate 1003 
declining April 1 SWE since 1950 (Mote 2003). The differing snow trends based on the period 1004 
of record analyzed is consistent with results from Stoelinga et al. (2010) who found that for the 1005 
PNW as a whole, snowpack had declined since the 1930s, but had actually increased in the 1006 
period 1976 to 2007. Mote et al. (2005) also documented a substantial decline in PNW snowpack 1007 
for the period 1950 to 1997, but reported that Oregon Cascades snowpack had increased 1008 
modestly in the period 1916 to 1997, suggesting that regional snowpack trends are sensitive to 1009 

the starting year of record and specific location examined.  1010 
It is important to note that the mid-20th century years were among the wettest and coldest 1011 

during the 20th century in southwest Oregon and greater PNW. Thus, studies that assess 1012 
snowpack trends starting from 1950 may overestimate 20th century snowpack decline in the 1013 
PNW. Regardless, the consecutive snow drought years of 2014 and especially 2015 are thought 1014 
to be a preview of future snowpack conditions in the PNW (Sproles et al. 2017). Moreover, there 1015 
is strong evidence that snowmelt season is occurring one to three weeks earlier throughout the 1016 
western United States and the PNW due to higher spring temperatures (Stewart et al. 2005). 1017 
Future regional warming is expected to accelerate this trend throughout the PNW (Mote et al. 1018 
2003).  1019 

The finding of no statistically significant change in regional April 1 SWE since 1980 is 1020 
supported by both Siler et al. (2018) and Yan et al. (2019) who each report that Cascade 1021 

Mountains snowpack during the past forty years has been stable despite recent warming trends. 1022 
Siler et al. (2018) conclude that atmospheric circulation patterns driven by natural climatic 1023 
variability explain April 1 snowpack resiliency despite significant winter warming since 1980. 1024 
They suggest snowpack will experience an accelerated decline once the offsetting influence of 1025 
natural atmospheric circulation variability diminishes. Although moderated spring temperature 1026 
trends and atmospheric circulation patterns have stabilized regional April 1 snowpack, Yan et al. 1027 
(2019) show that annual peak SWE decreased significantly with a concomitant increase in rain-1028 
on-snow events throughout the Cascades.  1029 

 1030 
 1031 

Projected Future Climate in South Central Oregon 1032 

 1033 

To investigate a range of possible future climates for the SWOAP assessment area, we examined 1034 
the NASA NEX-DCP30 downscaled climate dataset. NEX-DCP30 comprises climate projections 1035 
produced by 31 global climate models (GCMs) from the Coupled Model Intercomparison Project 1036 
Phase 5 (CMIP5) (Taylor et al. 2012) for two climate change scenarios: Representative 1037 
Concentration Pathways (RCPs) 4.5 and 8.5 (van Vuuren et al. 2011). NEX-DCP30 uses a 1038 

statistical downscaling method called bias correction-spatial disaggregation to downscaled GCM 1039 
output to 30 arc-second resolution (approximately 800 m) for the conterminous U.S., using 1040 
PRISM as a reference climate dataset (Thrasher et al. 2013). RCP 4.5 and RCP 8.5 represent 1041 

possible trajectories of change to earth’s atmosphere in its radiative forcing, ending with +4.5 1042 
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and +8.5 watts per square meter (W m-2), respectively, by year 2100. RCP 4.5 represents a future 1043 

with significant reduction in global greenhouse gases and climate stabilization by year 2100, 1044 
whereas RCP 8.5 represents a future with no climate change mitigation, high population growth, 1045 
and continued increase in greenhouse gas emissions to the end of the 21st century.  1046 

Temperature projections under RCP 4.5 initially track closely to RCP 8.5 (fig. 2.10A), 1047 
but diverge around the year 2040, with significantly more warming under the RCP 8.5 scenario 1048 
by the end of the century. Projected changes to precipitation are similar under RCP 4.5 and RCP 1049 
8.5, with high interannual variability and a negligible long-term trend (fig. 2.10B). The long-term 1050 
future of Earth’s climate depends on events and decisions yet to be made by society. RCPs, 1051 
therefore, are only possible pathways, and are not associated with probabilities of occurrence. 1052 
For the remainder of this report, we focus on the RCP 8.5 scenario as a high emissions 1053 
benchmark. 1054 

The GCMs under RCP 8.5 simulate a substantial increase in mean annual temperature for 1055 

the SWOAP assessment area. For the 1970-1999 period, PRISM data indicate a mean annual 1056 
temperature of 10.1 °C for the region. By the 2070-2099 period, the mean annual temperature 1057 
increases to 14.3 °C in the model ensemble average, ranging from 12.5 °C in the GISS-E2-R 1058 
model to 15.7 °C in the IPSL-CM5A-LR model. The rate of temperature increase in the model 1059 
ensemble average for the period 2013-2099 is 0.50 °C per decade, which is between 4 and 10 1060 
times greater than that indicated in the historical record shown in figure 2.4.   1061 

The GCMs simulate future patterns of warming that mirror observed seasonal trends 1062 
documented in figure 2.5. The model ensemble average shows more warming in summer (+ 1063 
5.2 °C) and fall (+ 4.5 °C) than in winter (+ 3.7 °C) and spring (+ 3.5 °C). Although slightly less 1064 
warming is projected for winter and spring, the anticipated temperature increase would greatly 1065 
affect regional snowpack and water resources (Li et al. 2017) and would likely extend the length 1066 
and severity of the fire season (Gergel et al. 2017).   1067 

There is strong agreement among the GCMs in the seasonality of increasing 1068 
temperatures, as 30 of the 31 models show the largest temperature increase during summer, with 1069 
a range of 3.3 °C to 7.4 °C. To place the average projected summer temperature increase in 1070 
context, a 5.2 °C increase for Medford would make thermal conditions during summer similar to 1071 
those currently observed in Bakersfield, California, located over 800 km to the southeast. A 1072 
summer temperature increase on the upper end of the model projections would render the 1073 
summer climate of Medford comparable to the western Mojave Desert in southern California. 1074 
The ensemble average increase of 3.7 °C in winter would make the winter climate of Medford 1075 

like that currently observed in Sacramento, California. Another way to think about a 3.7 °C 1076 
winter temperature increase is to consider the elevation difference this represents. Assuming an 1077 
average lapse rate of 6 °C per km, a 3.7 °C temperature increase in winter represents 617 m of 1078 
elevation, meaning that temperatures currently observed at 1000 m in elevation would be moved 1079 
up to over 1600 m in elevation. This would result in more rain at high elevations, less winter 1080 

snowpack, more winter flooding events, and lower summer streamflow.  1081 
The average annual temperature increase of 4.2 °C projected by the GCMs would greatly 1082 

affect the number of days below freezing and the length of the freeze-free period. Using climate 1083 
summary data from the Western Regional Climate Center (WRCC 2019), we examined the 1084 
historical relationship between average annual minimum temperature and freeze data in the 1085 
SWOAP assessment area. The data show that for every degree Celsius increase, there are 24 1086 
fewer days with a minimum temperature below freezing (fig 2.11). A similar relationship exists 1087 
with the freeze-free data, where each degree increase translates into 23.5 more days between 1088 
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freeze events. The regression line in figure 2.11 suggests that freezing days decrease to zero if 1089 

the average annual minimum temperature of a location exceeds 7.9 °C. Therefore, a 4.2 °C 1090 
annual temperature increase would mean that Roseburg, with a current annual average minimum 1091 
temperature of 6.5 °C and an average of 36 days below freezing per year (WRCC 2019), would 1092 
become a location with few to no freezing days.   1093 

Precipitation projections for the SWOAP assessment area are less clear, though the 1094 
majority of the models (20 out of 31) indicate an increase in 2070-2099 precipitation compared 1095 
to the 1970-1999 baseline. Eleven of the models suggest precipitation will decrease over the 1096 
region. However, when comparing the 1970-1999 period with the modeled 2070-2099 values, 1097 
only one of the 11 projected decreases is statistically significant at the 95 percent level using a 1098 
difference of means student’s t-test comparison. In contrast, eight of the models indicate a 1099 
greater than 10 percent increase in annual precipitation compared to 1970-1999 that is 1100 
statistically significant at the 95 percent level. The models generally project either no change in 1101 

annual precipitation, or a slight increase. Because of the large projected temperature increases, 1102 
the modeled precipitation increases would still lead to a net water loss compared to 1970-1999 1103 
given higher evapotranspiration rates. The GCMs generally show an increase in the seasonal 1104 
amplitude of precipitation, with more winter precipitation (December through February) and less 1105 
precipitation during the growing season (April through October).  1106 

There is considerable variability in modeled climate for the SWOAP assessment area 1107 
among the 31 GCMs (fig 2.12). Thirty of the 31 GCMs used in this report were evaluated and 1108 
ranked by Rupp et al. (2013) for their ability to reproduce various characteristics of the recently 1109 
observed climate of the PNW (table 2.1). The GCMs ranked higher by Rupp et al. (2013) 1110 
generally project warmer and wetter climates under RCP 8.5 (fig. 2.12). The GCMs in the lowest 1111 
quartile of the rankings projected less warming by the end of the century.  1112 

To examine a range of possible climate change effects within the SWOAP assessment, 1113 

we selected projections from five GCMs as case studies (table 2.2). The case studies cover a 1114 
variety of future climate states, while giving preference to GCMs ranked better in their ability to 1115 
simulate past climate of the PNW (Rupp et al. 2013). CESM1(CAM5), which we classify as the 1116 
“near mean” model, was selected as the GCM that simulates a future climate nearest the mean of 1117 
the 31 GCMs, with an annual temperature increase of 4.5 °C and no statistically significant 1118 
change in mean annual precipitation. BNU-ESM (termed the “hot” model) projected a 1119 
temperature increase larger than the ensemble average (+5.1 °C) without a significant change in 1120 
mean annual precipitation. BNU-ESM may overestimate winter precipitation because of data 1121 

processing errors (D. Rupp, personal communication1), although it is not a particularly “wet” 1122 
outlier GCM in the 28 member ensemble, even with this error. CanESM2 (termed the “hot and 1123 
wet” model) simulated a 5.4 °C temperature increase and a statistically significant 16 percent 1124 
increase in mean annual precipitation for the SWOAP region. MIROC-ESM-CHEM (termed the 1125 
“hot and dry” model) indicated a 5.4 °C temperature increase and an 11 percent decrease (not 1126 

statistically significant) in mean annual precipitation. MRI-CGCM3 (termed the “cool” model) is 1127 
cooler than the ensemble mean with a projected 2.8 °C temperature increase and no statistically 1128 

significant change in annual precipitation.  1129 
By the end of the century, all five of the selected GCMs simulate significant warming in 1130 

every month of the year, with the largest temperature increase during summer (fig. 2.13A). The 1131 
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“hot-wet” CanESM2 model projects a 7.4 °C summer temperature increase for the SWOAP 1132 

assessment area, with increases of 7.9 °C and 8.2 °C in July and August, respectively. An 8 °C 1133 
summer temperature increase would transform the region into one with summer temperatures 1134 
that are currently experienced in the American Southwest. Such an increase would also result in 1135 
the highest elevations of the SWOAP assessment area experiencing summer temperatures 1136 
comparable to current summer conditions in Ashland and Medford. Even the “cool” MRI-1137 
CGCM3 model simulates a 3.7 °C temperature increase during summer, which would pose 1138 
significant challenges to water resources and greatly increase fire risk.  1139 

The five case study models generally indicate drier growing-season (spring and summer) 1140 
conditions, though an interesting outlier is the CanESM2 model which simulates a 41 percent 1141 
increase in summer precipitation compared to the 1970-1999 average (fig. 2.13B). The 1142 
CanESM2 model projects a 54 percent increase in July precipitation and a 144 percent increase 1143 
in August precipitation, suggesting that the GCM is simulating possible monsoonal impacts for 1144 

the region. Notably only one other model of the 31 GCMs shows a greater than 50 percent 1145 
increase in August precipitation. Another similarity among the case studies is that winter 1146 
precipitation is projected to increase, particularly in January, with the five models ranging from a 1147 
9 percent (MIROC-ESM-CHEM) to 62 percent (CanESM2) increase.  1148 

Elevation varies widely throughout the SWOAP region, from less than 200 m to over 1149 
2500 m. Effects of climate change on temperature and precipitation may vary by elevation (e.g., 1150 
Diaz and Eischeid 2007, Wang et al. 2013) with higher elevation locations often thought to be 1151 
warming more rapidly. However, long-term, high-elevation weather stations are rare in the 1152 
western United States. Moreover, there is evidence that the SNOTEL network—one of the 1153 
primary sources of temperature data in remote mountainous regions—produces inflated high-1154 
elevation temperature trends over the past 30 years (Oyler et al. 2015).   1155 

Although the evidence for elevation-dependent warming over the past century is 1156 

equivocal, the CMIP5 models generally suggest mountainous regions throughout the world will 1157 
warm faster than non-mountainous locations at the same latitude, especially during winter 1158 
(Rangwala et al. 2013). An important caveat to simulated climate in mountainous regions is that 1159 
GCMs do not explicitly simulate the effects of elevation and topography, with the large and 1160 
rugged Cascade Range reduced to a smooth and relatively small topographic feature in the 1161 
models. Some anticipated effects of climate change in the region—more warming farther inland 1162 
than near the coast, and amplified winter through spring warming at higher elevations due to 1163 
changes in snow albedo feedback (e.g., Rupp et al. 2017)—may not be captured by our 1164 

downscaling method.  1165 
The historical (1970-1999) temperature, growing season length, and precipitation for the 1166 

SWOAP assessment area derived from the PRISM dataset agree well with the historical 1167 
simulation (1970-1999) from the five selected GCMs (figs. 2.14A, C, and E). The projected 1168 
change in mean annual temperature varies minimally among the elevation bands with the 1169 

exception of the MIROC-ESM-CHEM model, which simulates a 5.9 °C temperature increase 1170 
above 2100 m compared to 5.0 °C closer to sea level. Each of the other case study GCMs 1171 

analyzed show less than 0.5 °C difference in warming by elevation. Projected change in mean 1172 
annual precipitation varies considerably among the five case study models (fig. 2.14D). The 1173 
BNU-ESM, CESM1(CAM5), and MRI-CGCM3 each indicate negligible change in mean annual 1174 
precipitation with little variability by elevation. The “hot-dry” MIROC-ESM-CHEM model 1175 
projects a weakening of orographic precipitation, with a 10 percent decrease below 300 m and a 1176 
15 percent decrease above 1500 m. In contrast, the “hot-wet” CanESM2 model shows a 1177 
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strengthening of orographic precipitation, with a 10 percent increase simulated below 600 m and 1178 

a 20 percent increase above 2100 m.  1179 
Despite projected temperature increases ranging from 3.0 to 5.4 °C in the five case study 1180 

models, there is no change in growing season length below 1000 m, as no month currently has a 1181 
mean monthly temperature below freezing at that elevation level (fig. 2.14F). At the 1500-m 1182 
level, the models all show the growing season increasing by 1 month to become a 12-month 1183 
growing season. The models indicate a much larger change in growing season above 1800 m. In 1184 
the 2100 m to 2500 m elevation band, the “hot-dry” MIROC-ESM-CHEM model projects the 1185 
growing season to increase by 4.5 months to become almost year-round at 11.3 months. The 1186 
“cool” MRI-CGCM3 simulates the least change to SWOAP assessment area growing season, 1187 
though it still shows a 2-month increase above 1500 m.  1188 

Along with significant changes in growing season length in each model (fig. 2.15), 1189 
growing degree-days (GDD) and wet growing degree-days (WGDD) both increase substantially 1190 

under the RCP 8.5 climate change scenario (figs. 2.16B and D). GDD is a general index of 1191 
energy available for plant growth, and is calculated as the product of the temperature above zero 1192 
and the number of days (McMaster et al. 1997). For example, if every day of a month were 1193 
10 °C, then GDD would be 10 degrees times 31 days for 310 GDD. WGDD in an index of 1194 
energy available for plant growth while there is significant moisture available, and it is 1195 
calculated the same way as GDD, except only months with precipitation greather than 76 mm 1196 
were included. The threshold of 76 mm is the average May precipitation for the SWOAP 1197 
assessment area for the 1970-1999 period. GDD are projected to increase most in absolute value 1198 
during the summer, ranging from +135 GDD in the “cool” MRI-CGCM3 model to +255 GDD in 1199 
the “hot-wet” CanESM2 model. In percentage terms, the largest change in all models occurs in 1200 
winter, with all but the “cool” MRI-CGCM3 model showing more than a doubling of GDD for 1201 
2070-2099.  1202 

There is some disagreement between historical WGDD in PRISM and the five selected 1203 
GCMs stemming from precipitation differences among the GCMs (fig. 2.16C). Overall, the 1204 
GCMs show a bias towards drier spring and summer conditions and wetter conditions in fall to 1205 
early winter relative to PRISM. For example, between July and August, PRISM indicates that the 1206 
SWOAP region averages 43 WGDD, whereas the “near mean” CESM1(CAM5) model simulates 1207 
just 6 WGDD for the historical period. However, between October and December, all five 1208 
models show about 10 percent more WDGG for the historical period than the PRISM dataset. 1209 
While all of the models show a large increase in WGDD, differences in projected temperature 1210 

and precipitation lead to considerable variability in WGDD projections (fig. 2.16D). The “near 1211 
mean” CESM1(CAM5) simulates the largest change, with an extra 931 WGDD per year, a 79 1212 
percent increase.  1213 

All of the models show an increase in WGDD during fall, winter and spring, whereas all 1214 
but one (the “hot-dry” MIROC-ESM-CHEM) simulate an increase during summer. The “hot-1215 

wet” CanESM2 model indicates more than a doubling of August precipitation, leading to an 1216 
additional 160 WGDD for the month, the largest monthly change in WGDD among the five 1217 

selected models. The largest projected decreases in WGDD occur in September, with the “hot-1218 
dry” MIROC-ESM-CHEM and “cool” MRI-CGCM3 simulating 64 and 32 fewer WGDD, 1219 
respectively.   1220 

The RCP8.5 climate change scenarios suggest generally more favorable climate for plant 1221 
growth by the end of the century, though warmer summer temperatures may produce increased 1222 
drought stress. Accordingly, we examined historical and projected future climatic water deficit 1223 
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(CWD), which represents the amount by which potential evapotranspiration (PET) exceeds 1224 

actual evapotranspiration (AET), a key indicator of drought stress (Stephenson 1998). Estimates 1225 
of AET and PET for the SWOAP assessment area were obtained from MC2 dynamic global 1226 
vegetation model simulations performed with PRISM and the five selected GCMs. CWD was 1227 
calculated as an annual value, averaged by elevation bands (fig. 2.17). There is good agreement 1228 
at all elevations between the simulated historical values of CWD and those based on PRISM (fig. 1229 
2.17A). Under RCP 8.5, CWD is projected to increase by at least 52 percent to as much as 274 1230 
percent, depending on the elevation band and GCM. Overall, the models simulate about a 1231 
doubling of the historical CWD values by the end of the century. The largest percentage 1232 
increases are projected for areas above 2100 m, where increases range from a low of 141 percent 1233 
in the “cool” MRI-CGCM3 to 274 percent in the “hot-dry” MIROC-ESM-CHEM. 1234 
 1235 
 1236 

Summary and Conclusions 1237 

 1238 
The average annual temperature within the SWOAP assessment area has already increased by 1239 
0.6 °C (PRISM) to 1.5 °C since 1895. Under the RCP 8.5 scenario, the 31 GCMs analyzed show 1240 
temperature are projected to continue to increase throughout the 21st century. The model 1241 
ensemble average shows a 4.2 °C annual temperature increase, with individual models ranging 1242 
from 2.4 °C to 5.6 °C by the end of the century (2070-2099). There is considerable variability 1243 
among the GCMs in both the magnitude of temperature increase and changes to precipitation.  1244 
All of the GCMs suggest an increase in annual mean temperature, with 30 of 31 models showing 1245 
the most warming in summer and least in winter. Overall, the models generally project a slightly 1246 
wetter SWOAP assessment area climate, or no significant change in precipitation. However, 1247 
seasonal amplification of precipitation is a common theme in the model results, with wetter 1248 

winters and drier summers simulated by most of the GCMs.  1249 

Due to rising temperatures, the growing season is expected to increase markedly above 1250 
1800 m in elevation. Even at the highest elevations of the SWOAP region, the growing season is 1251 
projected to become year-round or nearly so under 4 °C of warming. In addition, warmer 1252 
temperatures will result in more precipitation falling as rain instead of snow at high elevations, a 1253 
substantial decline in mountain snowpack, an earlier snow melt season, and decreases in summer 1254 
streamflow. Higher temperatures more favorable for plant growth may be offset by increased 1255 
drought stress from a doubling of CWD expected from climate change. In each season, projected 1256 
climate changes would transform the SWOAP assessment area climate to one with no modern 1257 
period analog.  1258 

 1259 
 1260 
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 1353 
Figure 2.1—Southwest Oregon Adaptation Partnership (SWOAP) assessment area elevation and 1354 

climate (1970–1999). PRISM data (Daly et al. 2008) were used to plot elevation (A), mean 1355 
annual precipitation (B), mean daily maximum temperature (TMAX) for June, July, and August 1356 
(JJA) (C), and mean daily minimum temperature (TMIN) for December, January, and February 1357 

(DJF) (D). The SWOAP assessment area (black line) and national forest boundaries (red lines) 1358 
are overlaid. 1359 
  1360 
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 1361 
Figure 2.2—Mean monthly temperature and precipitation for 1970–1999 of the Southwest 1362 
Oregon Adaptation Partnership assessment area (A), Oregon Climate Division 3 (B), Rogue 1363 
River-Siskiyou National Forest (C), and Umpqua National Forest (D). PRISM data were used for 1364 
(A), (C), and (D). 1365 

  1366 
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 1367 
Figure 2.3—Historical annual temperature for the Southwest Oregon Adaptation Partnership 1368 
assessment area. Historical values were calculated from Oregon Climate Division 3, the United 1369 
States Historical Climate Network, and PRISM (Daly et al. 2008). A linear best-fit was applied 1370 
to each time series. 1371 

  1372 
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 1373 
Figure 2.4—A comparison of maximum (Max), minimum (Min), and mean temperature trends in 1374 
the United States Historical Climate Network (USHCN), National Climatic Data Center Climate 1375 
Division dataset (OR CD 3), and PRISM product for 1895–2016.  1376 
  1377 
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 1378 
Figure 2.5—A comparison of seasonal mean temperature trends in the United States Historical 1379 
Climate Network (USHCN), National Climatic Data Center Climate Division dataset (OR CD 3), 1380 
and PRISM product for 1895–2016.   1381 
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 1382 
Figure 2.6—Historical annual precipitation for the Southwest Oregon Adaptation Partnership 1383 
assessment area. Historical values were calculated from PRISM (Daly et al. 2008). The dotted 1384 
lines represent 11-year moving average values.  1385 
  1386 
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 1387 
Figure 2.7—Historical Palmer Drought Severity Index (PDSI) for Oregon Climate Division 3 - 1388 
Southwestern Valleys. The solid line represents a 3-year moving average value. 1389 

  1390 
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 1391 
Figure 2.8—A comparison of Cumulative Drought Severity Index in the Southwest Oregon 1392 

Adaptation Partnership assessment area for two 27-year periods, 1960–1986 and 1987–2013.  1393 
  1394 
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 1395 
Figure 2.9—Percentage of average April 1 Snow Water Equivalent (SWE) in the Southwest 1396 
Oregon Adaptation Partnership assessment area based on 1981–2010 values from nine SNOTEL 1397 
stations: Bigelow Camp, Billie Creek Divide, Cold Springs Camp, Diamond Lake, Fish Lake, 1398 
Fourmile Lake, King Mountain, Sevenmile Marsh, and Summit Lake. 1399 
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 1401 

 1402 
Figure 2.10—A comparison of RCP 4.5 and RCP 8.5 climate change scenarios for the Southwest 1403 
Oregon Adaptation Partnership assessment area. Projected annual temperature (A) and 1404 
precipitation (B) were calculated from 31 global climate models in the NASA NEX-DCP30 1405 
downscaled climate dataset (Thrasher et al. 2013). Dashed lines are fitted to the annual time 1406 
series. 1407 

  1408 
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 1409 
Figure 2.11—Days below freezing at 23 stations within the Southwest Oregon Adaptation 1410 
Partnership assessment area versus their respective mean annual minimum temperature (°C). 1411 
Data are from the Western Region Climate Center (WRCC 2019). 1412 
  1413 
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 1414 
Figure 2.12—Projected change in average annual temperature (ΔT) and average annual 1415 
precipitation (ΔP) in RCP 8.5 from 31 global climate models (GCMs) between the 2070–2099 1416 

and the 1970–1999 periods for the Southwest Oregon Adaptation Partnership assessment area. 1417 
ΔT and ΔP were calculated using the NASA NEX-DCP30 downscaled climate dataset (Thrasher 1418 
et al. 2013). GCMs are ranked according to model skill for simulating historical climate of the 1419 
Pacific Northwest region (Rupp et al. 2013). The dots representing GCMs are colored per 1420 
quartile of model skill: blue, green, yellow and red circles represent quartiles of ranking from the 1421 
highest to lowest, respectively. Plus symbols are the means of each quartile group of GCMs. The 1422 
black plus symbol represents the mean of the entire set. ACCESS1-0 GCM was not evaluated in 1423 
Rupp et al. (2013) and is represented by the black dot.  1424 
  1425 
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 1426 

 1427 
Figure 2.13—Projected seasonal mean temperature (A) and mean precipitation (B) under the 1428 

RCP 8.5 climate change scenario (van Vuuren et al. 2011) for five selected global climate 1429 
models (colored bars). Future projections were calculated from the NASA NEX-DCP30 1430 
downscaled climate dataset (Thrasher et al. 2013).  1431 
  1432 
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 1433 

 1434 
Figure 2.14—Historical mean annual temperature (A), and projected change (B); historical mean 1435 
annual precipitation (C), and projected change (D); and historical growing season length (E), and 1436 
projected change (F) for the Southwest Oregon Adaptation Partnership (SWOAP) assessment 1437 

area for five selected global climate models. The historical period is 1970–1999, and changes 1438 
were calculated for 2070–2099 relative to the historical period. Historical values were calculated 1439 
from PRISM (Daly et al. 2008), and future projections were calculated using the NASA NEX-1440 
DCP30 downscaled climate dataset (Thrasher et al. 2013) for the RCP 8.5 climate change 1441 
scenario (van Vuuren et al. 2011). For a given climate model, projected changes were calculated 1442 
relative to the historical values in the given model, not relative to PRISM. The SWOAP 1443 
assessment area was divided into elevation bands in 300-m increments. 1444 
  1445 
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 1446 

 1447 
Figure 2.15—Change in growing season length from historical (1970–1999) to end-century 1448 
(2070–2099) under the RCP 8.5 climate change scenario (van Vuuren et al. 2011) for five 1449 
selected global climate models for the Southwest Oregon Adaptation Partnership assessment 1450 

area. Growing season included all months with mean daily minimum temperatures greater than 1451 
0 °C. 1452 
  1453 
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1454 

 1455 
Figure 2.16—Monthly growing degree-days (GDD) (A, B) and wet growing degree-days 1456 
(WGDD) (C, D) by elevation for five selected global climate models for the Southwest Oregon 1457 
Adaptation Partnership assessment area. Historical values (A, C) for GDD and WGDD were 1458 
calculated from PRISM data (Daly et al. 2008) and from MC2 dynamic global vegetation model 1459 
simulations for 1970–1999. Future projections (B, D) represent the RCP 8.5 climate change 1460 
scenario (van Vuuren et al. 2013) for 2070–2099. For a given climate model, projected changes 1461 
were calculated relative to the historical values in the model, not relative to PRISM.   1462 
  1463 
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 1464 

 1465 
Figure 2.17—Historical climatic water deficit (CWD) (A) and the change in CWD (B) for five 1466 
selected global climate models for the Southwest Oregon Adaptation Partnership assessment 1467 
area. Data for the historical period were calculated from PRISM data (Daly et al. 2008) and from 1468 
MC2 dynamic global vegetation model (GCM) simulations for 1970–1999. Future projections 1469 
(B) represent the RCP 8.5 climate change scenario (van Vuuren et al. 2011) for 2070–2099. 1470 

 1471 
 1472 
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Table 2.1—Ranking of global climate models (GCM) that comprise NEX-DCP30 (Thrasher 1473 

et al. 2013) according to their skill for simulating historical climate of the Pacific Northwest 1474 
region (Rupp et al. 2013). ACCESS1-0 was not evaluated in Rupp et al. (2013). 1475 

 1476 
Rank GCM Rank GCM 

1 CESM1(CAM5) 22 MPI-ESM-MR 
3 CCSM4 23 FIO-ESM 
4 CESM1-BGC 24 BNU-ESM 
6 CNRM-CM5 25 MPI-ESM-LR 
7 HadGEM2-ES 26 FGOALS-g2 
8 HadGEM2-CC 27 GFDL-CM3 
9 CMCC-CM 29 MRI-CGCM3 

11 CanESM2 30 inmcm4 
12 IPSL-CM5A-MR 32 GISS-E2-R 
13 bcc-csm1-1-m 35 bcc-csm1-1 
14 HadGEM2-AO 36 GFDL-ESM2M 
15 MIROC5 37 GFDL-ESM2G 
16 NorESM1-M 38 MIROC-ESM-CHEM 
20 CSIRO-Mk3-6-0 39 MIROC-ESM 
21 IPSL-CM5A-LR 41 IPSL-CM5B-LR 

 1477 
  1478 
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Table 2.2—Five downscaled global climate model (GCM) outputs selected for 1479 

analysis  1480 
 1481 
GCM Ranka ΔTb (°C) ΔP (percent) Representative 

casec 

CESM1(CAM5)   1 4.5   2.7 Near mean 
CanESM2 11 5.4 15.9 Hot-wet 
BNU-ESM 24 5.1   3.5 Hot 
MIROC-ESM-CHEM 38 5.4     -10.7 Hot-dry 
MRI-CGCM3 29 2.8   4.0 Cool 

aRank is from Rupp et al. (2013) and reflects overall model performance for simulating historical 1482 
climate of the Pacific Northwest. 1483 
bΔT and ΔP were calculated as the difference between the climate of 1970-1999 and 2070-2099 1484 
for the SWOAP assessment area under the RCP 8.5 climate change scenario. 1485 
cRepresentative case indicates the relative position of the GCM among the 31 GCMs. 1486 
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Chapter 3: Climate Change Effects on Water Resources and 1488 

Infrastructure in Southwest Oregon  1489 

 1490 

Charles H. Luce, Katie D. Newcomb, Robert W. Hoyer, Joseph H. Blanchard, and 1491 

Jessica E. Halofsky11492 

 1493 
 1494 

Introduction 1495 

 1496 
Climate change will likely affect physical hydrologic processes and the many resource values 1497 
influenced by those processes, including water availability, infrastructure, and fish. Specifically, 1498 
climate change is likely to alter the amount, timing, and type of precipitation (e.g., chapter 2, 1499 

Holden et al. [2018], Luce et al. [2013]), snowpack storage volumes, and timing and rate of 1500 
snowmelt (Hamlet et al. 2005, Luce et al. 2014a, Lute and Luce 2017, Musselman et al. 2017, 1501 
Safeeq et al. 2013). These changes, in turn, reduce summer streamflow (Kormos et al. 2016), and 1502 
increase stream temperatures (Isaak et al. 2012, 2016; Luce et al. 2014b). Peak flow changes 1503 
associated are also likely (Hamlet and Lettenmaier 2007, McCabe et al. 2007, Safeeq et al. 1504 
2015), with important consequences for some fish species (Wenger et al. 2011), geomorphic 1505 
processes (e.g., Goode et al. [2012]), and infrastructure. Finally, changes in the amount and 1506 
timing of precipitation will affect vegetation (chapter 5), further altering water supplies (Adams 1507 
et al. 2012, Vose et al. 2016b).  1508 

In this chapter, we describe hydrologic processes and regimes in the Southwest Oregon 1509 
Adaptation Partnership (SWOAP) assessment area, historical trends in hydrologic parameters 1510 
(snowpack, peak streamflow, and low streamflow), and projected effects of climate change on 1511 

those hydrologic parameters. We then describe a vulnerability assessment for water use and 1512 
infrastructure in the SWOAP assessment area. We conclude the chapter with adaptation options 1513 
to reduce the negative effects of climate change on hydrology, water use, and infrastructure. 1514 
 1515 
 1516 

Topographic and Geologic Setting 1517 

 1518 

The rugged topography of southwest Oregon, combined with diverse geology, frame a variety of 1519 
hydrologic processes and sensitivities to climate change. The region sits at the juncture of three 1520 
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major mountain ranges: the Cascade Range in the eastern portion, the Oregon Coast Range in the 1521 

northwestern corner, and the Siskiyou subrange of the Klamath Mountains in the southwestern 1522 
portion. The landscape is characterized by ridges, canyons, and valleys, with most settlement 1523 
being in a few wide valleys.  1524 

The region comprises two well-known river basins that originate in the southern 1525 
Cascades (the Rogue and the Umpqua) as well as several coastal rivers. Several reaches and 1526 
tributaries of the Rogue and Umpqua are designated as Wild and Scenic Rivers, along with three 1527 
rare coastal river designations for the Chetco, Elk, and Smith Rivers. These rivers are known for 1528 
excellent water quality and abundant fish populations.  1529 

Though the mountains stretch across the length and breadth of this region, they do not 1530 
reach the high elevations of many other ranges in the western United States. To the west of 1531 
Interstate 5 and US 199, the southern Oregon Coast Range and Siskiyou Mountains comprise 1532 
rugged topography with deep canyons, and ridges in the 900 to 1,200-m range and a few peaks 1533 

just over 1,500 m. Snow is frequent above 900 m, but the smaller rivers and streams with 1534 
headwaters in this subregion are dominated by rainfall-driven runoff. To the east in the Cascade 1535 
Mountains, and to the south in the northeastern Siskiyous, the mountains are higher; many high 1536 
ridges range from 1,500 to 1,800 m, and the highest peaks range from 2,400 to 2,900 m. Lower 1537 
elevations in the Cascade Range have shallow and brief snowpacks, whereas higher elevations 1538 
have deep, late-lying snowpacks. Rivers with most of their headwaters in these higher mountains 1539 
tend to have snowmelt-dominated hydrographs or mixed hydrographs, with both winter and 1540 
spring peak flows. 1541 

The geology of the region is varied and complex owing to a variety of origins. To the 1542 
east, the Cascades are comprised of a mix of volcanic rocks from basalt flows, to andesite, to 1543 
deep deposits of pumice. West of the Cascades, there is a mix of sedimentary, metamorphic, and 1544 
igneous rocks yielding high diversity across small spatial scales. The sedimentary rocks are 1545 

primarily marine in origin and range from extensive friable siltstones and mudstones, which are 1546 
known for both shallow and deep-seated slope instability, to massive sandstones and 1547 
conglomerates forming high bluffs and cliffs in some locations. Metamorphic rocks include 1548 
schists, slates, phyllites, and marble. The bulk of the igneous rocks in the western half of the 1549 
region are intrusive and range from ultramafic peridotite and serpentinite deposits to small felsic 1550 
granitic plutons, though there are some areas with extrusive volcanics. A good portion of the 1551 
coastal bedrock is a melange formation from material accumulated from the seabed as the North 1552 
American Plate has advanced westward over the Juan de Fuca Plate under the Pacific Ocean. 1553 

Much of this material is structurally weak.  1554 
The geomorphology of the region has mixed origin. The direct signature of tectonic and 1555 

volcanic processes are still clear in many places, most obviously in and around Crater Lake 1556 
(formed by a major eruption about 7700 years ago) and the High Cascades. A few valleys have 1557 
been influenced by alpine glaciers. In the western half of the region, interactions of bedrock 1558 

properties with fluvial and mass wasting processes influence the geomorphology. Specific local 1559 
bedrock properties are key to geomorphic process. 1560 

The hydrologically important contrasts in geologic setting are the relatively porous 1561 
bedrocks and deep ash deposits from recent volcanism in the Cascades relative to the 1562 
comparatively tight, though highly fractured, bedrocks of the rest of the region, with a few 1563 
specific exceptions (e.g., the marble of the Oregon Caves area). The highly porous rocks of the 1564 
High Cascades provide greater storage and therefore greater storage times for rainfall and 1565 
snowmelt in those areas. These long storage times support a longer recession from spring and 1566 
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winter high flow periods and, consequently, higher summer baseflows. The landscape in these 1567 

areas is relatively undissected by streams, and some channel heads are formed by large spring 1568 
systems sustained by large groundwater aquifers. In contrast, the older and less permeable 1569 
bedrocks to the west have shallower water flow paths and less storage. This results in a greater 1570 
degree of dissection and higher stream densities, where streams typically run low by the end of 1571 
summer because of a lack of deep groundwater contributions. However, much of the rock in this 1572 
western portion is strongly fractured because of its tectonic history, leading to a moderate 1573 
amount of baseflow support. Deep storage associated with individual fractures sustains many 1574 
localized springs, which contribute to regional biodiversity and rare indigenous flora.  1575 

These geological differences in hydrogeology are reflected spatially as differences in the 1576 
recession constant k, as calculated by Safeeq et al. (2013, 2014) and used in the streamflow 1577 
analysis described below (fig. 3.1). The k constant has units of fraction per day, and places with 1578 
high k constants drain more rapidly relative to their total storage, while places with lower k 1579 

values drain more slowly relative to their total storage. Much of the region has moderate storage 1580 
levels that are very sensitive in ratio terms to shifts in timing of water input (e.g., earlier 1581 
snowmelt) (Stewart et al. 2005). The deep aquifers of the High Cascades are less sensitive in 1582 
terms of percentage changes to a shift in timing, but can be sensitive in terms of absolute flow. 1583 
Some of the locally deepest aquifers or springs, including some of the localized ones in the 1584 
western portion of the region, have long enough storage times that shifts in snowmelt timing 1585 
have nearly no effect on baseflow. However, they can be very sensitive to trends in annual 1586 
precipitation (e.g., Luce et al. 2013). 1587 

With this context, the water resource responses to climate change across the SWOAP 1588 
assessment area are easier to understand. Our analysis brings together both the climate-induced 1589 
changes in precipitation regime and the underlying geology to map sensitivity to climate change 1590 
across the assessment area. 1591 

 1592 

 1593 

Streamflow Response Calculations 1594 

 1595 

Climate-induced changes were estimated using the Variable Infiltration Capacity (VIC) model 1596 
(Liang et al. 1994), which calculates snow accumulation and melt, runoff generation, and 1597 
evaporation on large grid cells (1/16th degree) using elevation bands and discretization across 1598 
vegetation types to describe the heterogeneity within cells. The data used in this assessment is 1599 
derived from VIC projections developed by the Climate Impacts Group at the University of 1600 

Washington (https://cig.uw.edu/news-and-events/datasets/wus/; Salathé et al. 2013). The runoff 1601 

generated within VIC cells was apportioned to streams based on fractional contributions in each 1602 
catchment following Wenger et al. (2010).  1603 

The VIC model was calibrated to large watersheds, and although the groundwater 1604 
parameters are important for calibration (Mattheusen et al. 2000), the large calibration units do 1605 
little to inform local groundwater behavior. Given the importance of groundwater to low flows in 1606 

portions of the SWOAP assessment area, the catchment-scale routing process used by Wenger et 1607 
al. (2010) was modified to account for local information on groundwater storage and discharge 1608 

based on the recession constant (k) of Safeeq et al. (2013, 2014) (fig. 3.1). Specifically, the k 1609 
values were applied to generate a unit hydrograph routing kernel by each unit for which k was 1610 
calibrated. The groundwater recession properties explained in Tague and Grant (2009) and 1611 
Safeeq et al. (2013, 2014) are fully consistent with the unit hydrograph approach, so the k 1612 
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estimates from the long summer recessions are appropriate for direct application. 1613 

Mathematically, each day’s runoff from VIC was apportioned outflow timing based on each 1614 
basin’s k value, and the flow apportionments from each preceding day were summed to obtain 1615 
the current day’s streamflow.  1616 

The VIC model uses a potential evapotranspiration estimate generated from the 1617 
downscaled climate information when calculating future evapotranspiration. Such approaches are 1618 
known to overestimate increases in evapotranspiration because they use temperature information 1619 
as a proxy for actual energy balance information (e.g., Milly and Dunne [2017]). The VIC model 1620 
uses the Penman-Monteith approach, which is one of the more accurate approaches, but 1621 
estimates about twice as much increase in evapotranspiration in the Columbia River basin as the 1622 
energy balance suggests could be sustained (Milly and Dunne 2017). Based on energy balance 1623 
changes driven by increased carbon dioxide, increases in evaporation from land areas are not 1624 
expected to exceed a few mm per month (Luce et al. 2016, Milly and Dunne 2017, Roderick et 1625 

al. 2014).  1626 
 1627 

 1628 

Snowpack: Current Conditions and Projected Changes 1629 

 1630 
One of the principal changes expected in the hydrology of western U.S. mountains is less snow 1631 
accumulation and earlier snowmelt (Barnett et al. 2008). Snowpack storage can be regarded in 1632 
two ways: how deep is the snow, and how long does it last? The depth of snow can be 1633 
represented by snow water equivalence (SWE), and duration by snow residence time (SRT) 1634 
(Luce et al. 2014a). The SWE on April 1st is considered a useful metric of storage for the coming 1635 
spring runoff and irrigation season. The SRT is the length of time that any new snow will last. It 1636 
is generally in the neighborhood of half of the total duration that snow is on the ground. SRT in 1637 

the range of a few weeks is generally associated with rapid accumulation and melt cycles, 1638 
indicating transient snowpacks often associated with rain-on-snow events (Nolin and Daly 2006).  1639 

There are strongly contrasting expectations of snow changes in the eastern versus western 1640 
portions of the SWOAP assessment area (figs. 3.2–3.4). In the low-elevation western portions, 1641 
snow is already mostly absent or ephemeral, and warming temperatures are expected to change 1642 
average snow residence times and April 1st SWE little in absolute terms, simply because there is 1643 
not much snow to lose. Snow is “warm” over much of this area, being close to its freezing point, 1644 
but precipitation is high because these are the first mountains encountered by moisture from the 1645 
Pacific Ocean. Some of the snowpacks on ridges and peaks in the western portion of the 1646 
assessment area can be a meter deep, although this may not be apparent in figures 3.2–3.4. 1647 

Higher ridges and peaks in the western portion are likely to maintain some snow in winter 1648 
through the 21st century, though it will be shallower and not last as long. At mid-elevations in the 1649 

Cascades, and probably the higher elevation ridges and peaks of the western mountains, the more 1650 
transient or ephemeral snowpacks will be largely eliminated with climate change by the 2080s, 1651 
and places with moderately persistent snowpacks will become more transient in nature. In the 1652 
High Cascades, in the northeast corner of the region, the average residence time of snow declines 1653 
on the order of 6–8 weeks, or about 35–40 percent of the current SRT, by the 2080s. In short, 1654 

precipitation will spend less time as snow. 1655 
 1656 
 1657 
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Low-Flow Changes 1658 

 1659 
Winters in the Pacific Northwest (PNW) have warmed over the past 50 years (chapter 2), and 1660 
precipitation has declined in the mountains during this period as well (Luce et al. 2013), resulting 1661 
in smaller snowpacks that melt out earlier in the year with less recharge to aquifers. As a result, 1662 
summer flows have been decreasing, and fractions of annual flow occurring earlier in the water 1663 
year have been increasing (Kormos et al. 2016, Leppi et al. 2011, Luce and Holden 2009, Safeeq 1664 
et al. 2013, Stewart et al. 2005). In addition to shifted timing, Luce and Holden (2009) showed 1665 
declines in some annual streamflow quantiles in the PNW between 1948 and 2006. They also 1666 
found decreases in the 25th percentile flow (drought year flows) over the study period, meaning 1667 
that the driest 25 percent of years have become drier across the PNW. Overall, these driest 25 1668 
percent of years have the lowest summer flows as well. Furthermore, summer precipitation has 1669 
declined in much of the west (Holden et al. 2018), which is not usually thought to substantially 1670 

affect water supply, but it can support baseflows (Chang et al. 2012), particularly in coastal 1671 
systems where snowpack in minimal. 1672 

Summer low flows are influenced not only by the timing of snowmelt, but also by 1673 
landscape drainage efficiency, or the inherent geologically mediated efficiency of landscapes in 1674 
converting recharge (precipitation) into discharge (Safeeq et al. 2013, Tague and Grant 2009). 1675 
Although climate dictates both the form of precipitation (snow versus rain) and when 1676 
precipitation is converted to recharge (i.e., when rain falls or snowpacks melt), geology and 1677 
topography dictate how long it takes for this recharge to be converted into streamflow. Our 1678 
analysis of sensitivity to climate warming takes both of these factors into account. Summer 1679 
streamflows might be reduced compared to present because snowpacks are smaller or melt out 1680 
earlier, but those climate effects may be expressed differently in regions with different 1681 
geologically mediated flowpaths and groundwater storage.  1682 

Snow is not a large contributor to streamflow in much of the assessment area, so only 1683 
small decreases in low flows are expected over much of assessment area (fig. 3.5). There is some 1684 
snow support of baseflows, but declines in summer precipitation (e.g., Holden et al. 2018) may 1685 
contribute to summer flow decreases in the low-snow areas. The most notable declines in 1686 
summer low flows are expected in High Cascade streams, and rivers to which they are a tributary 1687 
(Rogue and Umpqua), and the northwestern Siskiyou mountains. The strongest declines are 1688 
projected in the higher mountains where the snowpack changes are large. Although fractional 1689 
changes in SRT are large in many areas, the greatest changes in low flows come from places 1690 
with lower fractional (fig. 3.4) but large absolute (fig. 3.3) changes in SRT. 1691 

Climate change effects are not immediately obvious on the low-flow decline map (fig. 1692 

3.5) because of the limited area with large snowpack changes in the assessment area, and the 1693 
correlation between spatial patterns in snow loss and spatial patterns in geologic hydraulics. The 1694 

long residence time of the geologies of the High Cascades in the area west of Crater Lake 1695 
provide little reduction in the percentage of decline (see figs. 3.1 and 3.5). Some aspects of 1696 
climate change are not incorporated in the modeling; for example, low flows are also likely to be 1697 
affected by changing vegetation. Increases in fire and insect mortality associated with increasing 1698 
drought (e.g., Kolb et al. 2016; Littell et al. 2016; Vose et al. 2016a) may initially increase water 1699 

yield by decreasing canopy interception and transpiration, but if such disturbances keep forests in 1700 
earlier seral stages, an increase in the water demand from the vegetation for transpiration may 1701 
reduce low flows (Perry and Jones 2017).  1702 

 1703 
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 1704 

Peak-Flow Changes 1705 

 1706 
Flooding regimes in the Pacific Northwest are sensitive to precipitation intensity, temperature 1707 
effects on freezing elevation (which determines whether precipitation falls as rain or snow), and 1708 
the effects of temperature and precipitation change on seasonal snow dynamics (Hamlet and 1709 
Lettenmaier 2007, Tohver et al. 2014). Floods in southwest Oregon typically occur during the 1710 
autumn and winter because of heavy rainfall (sometimes combined with melting snow), or less 1711 
commonly, in spring because of unusually heavy snowpack and rapid snowmelt (Hamlet and 1712 
Lettenmaier 2007, Sumioka et al. 1998). Summer thunderstorms can also cause local flooding 1713 
and mass wasting, particularly after wildfire (Cannon et al. 2010, Istanbulluoglu et al. 2004, 1714 
Moody and Martin 2009). 1715 

Flooding can be exacerbated by rain-on-snow events because rainfall runoff is augmented 1716 

by rapid snowmelt (Harr 1986) and because the snowpack can move water to channels faster 1717 
(Eiriksson et al. 2013, Rössler et al. 2014). The physical dynamics of rain-on-snow events are 1718 
more complex than just warm rain falling on and melting a cold snowpack. Much of the energy 1719 
for melting snow is derived from the latent heat of condensation released when warm moist air 1720 
condenses on cold snowpacks (Marks et al. 1998). Thus rain-on-snow-driven melting and 1721 
subsequent peak flows are contingent on the wind speed, air temperature, absolute humidity, 1722 
intensity of precipitation, elevation of the freezing line, and antecedent snow cover distributions 1723 
(Eiriksson et al. 2013, Harr 1986, Marks et al. 1998, McCabe et al. 2007, Wayand et al. 2015). 1724 
Warming affects future flood risk from rain-on-snow events differently depending on the 1725 
importance of these events as a driver of flooding in different basins under current climate.  1726 

In general, as temperatures warm, the rain-on-snow zone, an elevation band below which 1727 
there is rarely snow and above which there is rarely rain, will likely shift upwards in elevation. 1728 

This upward shift in the rain-on-snow zone will tend to strongly increase flooding in basins 1729 
where there is a large snow collection area (generally where the current rain-on-snow zone 1730 
occurs at low elevations in the basin). In basins in which there is a small snow collection area, 1731 
the upward shift in the rain-on-snow zone may only modestly increase the fractional contributing 1732 
basin area with rain-on-snow or potentially shrink the total area available for rain-on-snow-1733 
driven runoff as the upper part of the basin translates into the rain-dominated zone.  1734 

In the latter half of the 20th century, increased temperatures led to earlier runoff timing in 1735 
snowmelt-dominated and mixed rain-and-snow watersheds across the western United States 1736 
(Cayan et al. 2001, Hamlet et al. 2007, Stewart et al. 2005, Safeeq et al. 2013). With future 1737 
increases in temperature and potentially in amount of precipitation in the winter months, 1738 

common floods are expected to increase in magnitude (e.g., Goode et al. 2013, Wenger et al. 1739 
2011), and extreme hydrologic events (e.g., those currently rated as having 100-year recurrence 1740 

intervals) may become more frequent (Hamlet et al. 2013).  1741 
Peak-flow increases are small across much of the assessment area (fig. 3.6), but large in 1742 

those areas where snowpack changes are large, particularly where there is a shift from seasonal 1743 
snowpacks to more intermittent snowpacks in the mid- to high-elevation Cascades. Though 1744 
much of the western set of coastal mountains do not show substantial increases in peak flows at 1745 

the scale of small river basins, changes from seasonal to more intermittent snowpacks along 1746 
higher ridges may yield increased slope instability because of higher melt and rainfall rates.  1747 
 1748 

 1749 
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Water Resources and Uses 1750 

 1751 
Humans rely on water for drinking, growing food, municipal uses, and recreation. Water 1752 
originating on public lands in southwest Oregon, such as the headwaters of the Umpqua and 1753 
Rogue Rivers, plays an important role in providing water for ecosystems and humans. For 1754 
example, these lands provide water to municipalities, manufacturing, agriculture, and many other 1755 
human uses.  1756 

There are 391 certified water rights in the name of United States in the SWOAP 1757 
assessment area (table 3.1). Of the administrative units considered here, the Bureau of Land 1758 
Management (BLM) Medford District holds the most of these water rights. Some of the largest 1759 
use categories include domestic, forest management, fire protection, livestock, road maintenance, 1760 
and wildlife (table 3.2). More than 25 municipalities rely directly on federal lands for municipal 1761 
water supply, including Ashland, Brookings, Canyonville, Cave Junction, Coquille, Cottage 1762 

Grove, Cresswell, Dorena, Drain, Elkton, Glendale, Glide, Gold Beach, Gold Hill, Grants Pass, 1763 
Medford, Milo, Myrtle Creek, Powers, Riddle, Rogue River, Roseburg, Shady Cove, Sutherlin, 1764 
Tokatee Village, Tri-City, Winston, and Yoncolla (fig. 3.7). 1765 

There are over 500 points of diversion (PODs) in streams on public lands in the SWOAP 1766 
assessment area (fig. 3.8). The largest concentration of these PODs is in the Upper Jenny Creek 1767 
and Keene Creek subwatersheds on the BLM Medford District. In some cases, a water right has 1768 
multiple points of diversion (table 3.3).  1769 

 In drought years, although water users with senior rights (primary, long-term claims to 1770 
water) may continue to receive water, downstream users with junior rights (secondary and later 1771 
claims, subsidiary to senior rights) may not receive water for various purposes, primarily 1772 
irrigation. To date, this has not been a major issue, but if water usage changes in the future, 1773 
partitioning of water allocation among users could affect allocation during severe droughts. 1774 

In national forests, water is generally available for campgrounds and administrative sites 1775 
and for other appropriated uses (e.g., livestock and wildlife). However in dry years, availability 1776 
may be limited at some sites, especially in late summer. Climate change could increase the 1777 
frequency of water shortages on national forest sites in the future. 1778 

 1779 
 1780 

Climate Change Effects on Water Uses 1781 

 1782 
Changes in snowpack and streamflow will likely alter the quality and availability of water in 1783 
southwest Oregon. Shifts in the timing and magnitude of streamflow may alter the ability to meet 1784 
water demand during summer in some locations (i.e., those that show the greatest decreases in 1785 
summer low flows) (fig. 3.5). Decreases in summer flows are projected to be greatest in High 1786 

Cascade streams, and rivers to which they are a tributary (Rogue and Umpqua) (fig 3.9).  1787 
 In addition to changes in snowpack and streamflow, higher temperatures result in 1788 

increased human water use. For example, water demand for agriculture increases with higher 1789 
temperatures and increased evapotranspiration (Blanc et al. 2017). Water supplies have already 1790 
been stressed in some locations in southwest Oregon. The South Umpqua system has had low 1791 
summer flows and lacks enough storage capacity to meet demands of water users during most 1792 
years. In 2015 and 2018, very dry years in southwest Oregon, there was a high rate of regulation 1793 
for instream water rights and senior irrigators. Many tributaries to the Rogue, Applegate, and 1794 
Illinois Rivers, and throughout the Umpqua Basin, experienced regulation for senior priority 1795 
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dates (but irrigators who had primary or supplemental water available from storage projects were 1796 

able to continue irrigating) (Jake Johnstone, pers. comm.5). Similar shortages may increase in 1797 
frequency with higher temperatures, increasing evapotranspiration, and lower summer stream 1798 
flows under changing climate.  1799 

Dams and stream diversions affect local hydrology and availability of water for different 1800 
uses. For example, aging and inefficient stream diversion infrastructure can increase loss of 1801 
water for human uses (Clifton et al. 2017). However, dams also store water that can be released 1802 
to alleviate low stream flows. The dams on the North Umpqua are primarily designed for 1803 
hydropower and have limited capacity for flood control or water release during summer low 1804 
flow. Dams on the South Umpqua River system (Berry Creek Dam and Galesville Dam), 1805 
however, were designed for water storage and release during summer low flow.  1806 

Backup water systems are also an important factor affecting the vulnerability of water 1807 
supplies for human uses; those systems with redundant supplies will generally be less vulnerable 1808 

(Clifton et al. 2017). Some water providers in Douglas County have emergency tie-in with 1809 
adjacent districts to provide water in case of emergency. Other systems do not. For example, 1810 
Oakland, Oregon has only one water source (surface water on Calapooya Creek).  1811 

Climate change may also affect water quality in southwest Oregon. Water temperatures 1812 
are expected to warm (Luce et al. 2014b), and shifts in precipitation and runoff affect the 1813 
transport of pollutants into water bodies (Georgakakos et al. 2014). Algal blooms could increase 1814 
in frequency because of longer periods of warm water temperatures (Chapra et al. 2017). 1815 
Increased frequency of insect outbreaks and fire may also affect water quality. All of these 1816 
changes may affect water treatment costs and are a risk to water supplies (Lall et al. 2018).  1817 

 1818 
 1819 

Roads Infrastructure and Access 1820 

 1821 

Roads, trails, bridges, and other transportation infrastructure in the SWOAP assessment area 1822 
connect people to National Forest System and BLM lands for recreation, extracting resources, 1823 
managing resources, commuting, and responding to emergencies. Access to public lands 1824 
promotes use, stewardship, and appreciation, contributing to quality of life (Louter 2006). Access 1825 
management balances these benefits with ecosystem services. This and the following section 1826 
describe current road conditions and infrastructure management and maintenance constraints to 1827 
provide context for identification of key climate change vulnerabilities and adaptation options. 1828 

In the SWOAP assessment area, there are 28,056 km of roads, only 8,256 km (29 1829 
percent) of which are suitable for passenger vehicles (table 3.4). Most of the passenger vehicle 1830 

roads are on BLM lands, 47 percent on the Medford District, and 23 percent on the Roseburg 1831 
District. The Umpqua National Forest has 10 percent of passenger roads in the assessment area, 1832 

and Rogue River-Siskiyou National Forest has 20 percent. Many of the roads (and trails) cross 1833 
streams and rivers; there are 4,591 road-water crossings in the assessment area (table 3.7, fig. 1834 
3.10), 449 of which are bridges (table 3.5), and most are culverts. Approximately 3,148 km (11 1835 
percent) of roads in the assessment area are within 90 m of a stream, suggesting they may be 1836 
vulnerable to increased peak flows with climate change (table 3.6). 1837 

                                                           
5 Jake Johnstone, Southwest Regional Manager, Oregon Water Resources Department, 10 South 
Oakdale Ave., Medford, Oregon 97501. 
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Roads can have negative effects on aquatic ecosystems. Roads intercept precipitation, 1838 

surface runoff, and shallow groundwater; reduce the infiltration capacity of the land; concentrate 1839 
and accelerate runoff; redirect overland and subsurface flow; and increase rates of erosion and 1840 
the potential for sediment delivery to streams (Forman et al. 1997, Furniss et al. 1991, Luce and 1841 
Black 1999). Within the stream network, these processes tend to increase peak flows (Jones and 1842 
Grant 1996). Roads closer to rivers and streams (table 3.7) generally have a greater direct impact 1843 
on the fluvial system (Luce and Black 1999). However, roads in the uplands also affect these 1844 
processes and can play a role in slope instability (Trombulak and Frissell 2000). 1845 

Historically, the primary purpose of the road system on national forests was timber 1846 
hauling. Reduced harvesting during the past 20 years has decreased the need for roads for timber 1847 
purposes. However, local population growth have increased demand for access for a diversity of 1848 
recreational activities (see chapter 7).  1849 

Recreational use on the Umpqua National Forest is heavily concentrated along river 1850 

corridors, especially along the North Umpqua River and at Diamond Lake. State Hwy 138, built 1851 
along the North Umpqua and past Diamond Lake, is a major travel corridor. Campgrounds and 1852 
trailheads are concentrated along the North Umpqua River, Diamond Lake, and Lemolo Lake. 1853 
Recreation visitation is highest in summer, but winter steelhead fishing draws a number of 1854 
visitors to the North Umpqua Ranger District, and winter sports are popular in the Diamond Lake 1855 
Ranger District (Joe Blanchard, personal communication6).  1856 

On the Rogue River-Siskiyou National Forest, arterials (maintenance level 4 and 5 roads) 1857 
are used to reach almost every recreation, river, and backcountry destination on the forest. Use 1858 
typically peaks around the July 4th holiday and then drops off after Labor Day. Another peak in 1859 
use occurs during bow and rifle hunting seasons, which often coincide with the first early winter 1860 
snows at high and mid elevations. High-use areas are typically centered along river corridors, 1861 
such as the Rogue, Illinois, and Chetco Rivers. Secondary focal points for recreational use 1862 

include access points and trailheads for the Sky Lakes and Red Buttes Wilderness Areas, as well 1863 
as major campgrounds. Use in areas distant from urban population centers can typically be 1864 
characterized as moderate to low (Chris Park, personal communication7). 1865 

As with most PNW forests, most mid- to high-elevation roads (above 750 m) in the 1866 
SWOAP assessment area are snow covered and inaccessible to wheeled motor vehicles from late 1867 
November through at least April each year, depending on snowpack. Higher elevation roads 1868 
(above 1200 m) remain snow covered for most of the winter. More than 60 percent of trips to 1869 
national forests last 6 hours or less, and short visits concentrate human impacts on areas that are 1870 

easily accessible (USDA FS 2010). In the future, demand is expected to continue to increase for 1871 
trail use by mountain bikes, motorized vehicles, and off-highway vehicles, as well as for winter 1872 
recreation (Oregon Parks and Recreation Department 2013).  1873 

 1874 
 1875 

Road Management and Maintenance 1876 

 1877 

                                                           
6Joe Blanchard, Watershed Program Manager, Willamette National Forest (formerly a 
hydrologist, Umpqua National Forest), 46375 Highway 58, Westfir, OR 97492 
7Chris Park, hydrologist, Rogue River-Siskiyou National Forest, 3040 Biddle Road, Medford, 
Oregon 97504 
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Road designs and conditions vary widely across the SWOAP assessment area; there are many 1878 

roads on U.S. Forest Service lands that have not been maintained on a regular basis, whereas 1879 
roads in other jurisdictions undergo more frequent maintenance to support timber harvest. 1880 
Although some roads are paved and designed to provide a high degree of comfort to the public 1881 
traveling in passenger cars, much of the road system, particularly in national forests (table 3.4), 1882 
was designed to much lower standards to facilitate timber extraction, mining, or recreational 1883 
access for four-wheel-drive vehicles. Most are suitable for high-clearance vehicles. 1884 

Forest Service road construction began in the late 1930s, with construction peaking in the 1885 
1960s and 1970s. By 1980, 90 percent of the total road system had been constructed. The 1886 
construction techniques used during that time period do not meet what is required for building 1887 
stable roads today or current best management practices. When timber harvest practices changed 1888 
in the 1990s from clearcutting large trees to thinning previously logged stands, the reduction in 1889 
timber revenues left inadequate funds to upgrade or maintain the existing road system. Today, 1890 

funding for road maintenance covers only 10 to 15 percent of the existing road system. Much of 1891 
the existing road infrastructure, including bridges and culverts, has exceeded its design life and is 1892 
in a deteriorating state. 1893 

National forests develop annual road maintenance plans based on road operational 1894 
maintenance level and category (table 3.4). Maintenance of forest roads subject to Highway 1895 
Safety Act standards receive priority for appropriated capital maintenance, road maintenance, or 1896 
improvement funds (over roads maintained for high clearance vehicles). Activities that are 1897 
critical to health and safety generally receive priority, but these investment decisions are 1898 
balanced with demands for access and protection of aquatic habitat.  1899 

Appropriated funding is typically used to maintain level 3, 4, and 5 roads. Level 2 road 1900 
systems used for log hauling are maintained as part of timber sale contracts. Timber revenue 1901 
covers maintenance costs for roads that would otherwise go unmaintained because of a lack of 1902 

funding. However, timber stand age and thinning needs determine timber sale locations, not road 1903 
system needs. Roads within watersheds that have been identified as high priority for restoration 1904 
are also targeted for road maintenance to reduce sediment input to streams and improve fish 1905 
passage. In addition, road systems at risk for post-fire damage from flooding and debris flows are 1906 
high priority for maintenance through the Burned Area Emergency Response program.  1907 

Planning for transportation and access on national forests is included in forest land 1908 
management plans. The 2001 Road Management Rule (36 CFR 212, 261, and 295) requires 1909 
national forests to use science-based analysis to identify a minimum road system that is 1910 

ecologically and fiscally sustainable. This transportation analysis process provides benefits in 1911 
terms of increasing the ability of forests to acquire funding for road improvement and 1912 
decommissioning; establish a framework to set annual maintenance costs; meet terms of 1913 
agreement with regulatory agencies; and operate a transportation system with more financial 1914 
sustainability and flexibility.  1915 

A forest-wide travel analysis was completed for the Umpqua National Forest in 2015. 1916 
Part of this analysis included ranking road segments according to their importance for public and 1917 

administrative use, as well as their environmental risks (box 3.1). Impacts to aquatic resources 1918 
were weighted heavily in determining environmental risk, although climate change was not 1919 
considered. The climate change information in this report can supplement information currently 1920 
used in travel analysis. 1921 

 1922 
 1923 
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Climate Change Effects on Transportation Systems 1924 

 1925 
As discussed previously in this chapter, climate change will lead to shifts in the hydrologic 1926 
regime in southwest Oregon. Changes in the magnitude and timing of runoff will affect the 1927 
transportation system and drive changes in management. Higher peak flows will increase flood 1928 
risk in winter and early spring in some streams, and elevated soil moisture in the winter will 1929 
increase landslide risk (Strauch et al. 2014). These changes have both direct and indirect effects 1930 
on infrastructure and access.  1931 

Direct effects of climate change on transportation systems are those that physically alter 1932 
the operation or integrity of transportation facilities. These include effects related to floods, 1933 
snow, landslides, extreme temperatures, and wind. Hydrologic extremes, such as flooding, may 1934 
exceed the historical range of intensity and frequency, as well as the current design standards for 1935 
infrastructure. Roads throughout the region use river valleys as access routes. Roads along 1936 

streams and rivers affected by large changes in snowpack are at greatest risk of flooding (fig. 1937 
3.11). High-elevation areas (in the eastern and southeastern portion of the assessment area) have 1938 
subwatersheds with high projected increases in peak flows (fig. 3.11) and/or peak flow 1939 
sensitivity (fig. 3.12), and a notable number of potentially flood-vulnerable roads (i.e., roads 1940 
within 90 m of streams).  1941 

Indirect effects of climate change on transportation systems include secondary influences 1942 
on access that can change visitor-use patterns and increase threats to public safety. A large 1943 
portion of the SWOAP assessment area will lose almost all snowpack by the end of the century, 1944 
which will change seasonal access to federal lands (fig. 3.13). Less snow increases early- and 1945 
late-season (spring and autumn) access to roads that are not currently built to handle wet-weather 1946 
use. Many roads in the eastern portion of the assessment area have historically been closed by 1947 
deep season-long snowpacks, and some of these roads are likely have reduced snowpack in the 1948 

future. Increased access to these roads has two main effects: one is increased erosion potential 1949 
related to traffic on roads that have not been prepared for wet-season traffic; and the second is 1950 
increased safety concerns. Increased road use from fire prevention or suppression, thinning, and 1951 
hazard tree removal after droughts may all additionally damage roads. Recreationists may have 1952 
access to federal lands during the time of year when landslides and flood events are most likely 1953 
to occur (Strauch et al. 2014).  1954 

Changes in the location of rain-on-snow events could affect erosion and stream processes 1955 
in the Cascades and Siskiyou Mountains. Rain-on-snow events can trigger landslides and debris 1956 
flows (Harr 1986), which deliver large amounts of sediment and wood to streams (Swanson et al. 1957 
1990). If the risk of landslide and debris flow events moves up in elevation following the 1958 

projected shift in the rain-on-snow zone, subsequent changes to stream flooding regimes and 1959 
function could occur. 1960 

Roads and trails built decades ago have increased sensitivity because of age and declining 1961 
condition. Culverts, by far the most common infrastructure component of the transportation 1962 
system, are typically designed to last 25 to 75 years, depending on structure and material. 1963 
Culverts remaining in place beyond their design life are less resilient to high flows and bed load 1964 
movement and have a higher likelihood of structural failure. As roads and trails age, their surface 1965 

and subsurface structure deteriorates, leaving them increasingly vulnerable to less severe storm 1966 
events. Higher severity storms, aging infrastructure, and outdated design standards can lead to 1967 
increased incidents of road failure. The age, foundation, and water channel near bridges must be 1968 

considered when evaluating the stability of the bridges to withstand high flow and debris (fig. 1969 
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3.14). Much of the travel network in the SWOAP assessment area, when originally constructed, 1970 

did not have the advanced design, materials, alignment, drainage, and subgrade required by 1971 
today’s standards. Problems stemming from poor road designs, outdated standards, and lack of 1972 
maintenance are likely to grow worse given changes in hydrologic regimes anticipated under 1973 
changing future climates.  1974 

New or replaced infrastructure is likely to have increased resilience to climate change. 1975 
New culverts and bridges are typically wider than the original structures to meet agency 1976 
regulations and current design standards. On the Umpqua National Forest, most of the bridges 1977 
are old and have had retrofits to allow continued use. However, many of these bridges are 1978 
weight-restricted due to age, even with retrofits. The bridges are being replaced as funding 1979 
becomes available.  1980 

The management of roads and trails (planning, funding, maintenance, and response) will 1981 
partly determine the degree of sensitivity the current and future transportation system will have 1982 

to the effects of climate change. Highways in southwest Oregon that are built to a higher design 1983 
standard and regularly maintained, while not immune to these potential effects, will be less 1984 
sensitive to climate change than unpaved roads built to a lower design standard. The current lack 1985 
of funding limits options for responding to the need for infrastructure repair and improvement, 1986 
which also contributes to the vulnerability of roads and trails. 1987 

 1988 
 1989 

Current and Near-Term Climate Change Effects 1990 

 1991 

Assessing the vulnerability of the transportation network in the SWOAP assessment area to 1992 
climate change requires evaluating potential changes in hydrologic processes. Ongoing changes 1993 
in climate and hydrologic response in the next 10 years are likely to be a mix of natural 1994 

variability combined with ongoing trends related to climate change. High variability of short-1995 
term trends is an expected part of the response of the evolving climate system. Natural climatic 1996 
variability, in the short term, may exacerbate, compensate for, or even temporarily reverse 1997 
expected trends in some hydroclimatic variables.  1998 

Higher streamflow in winter (October through March) and higher peak flows increase the 1999 
risk of flooding and impacts to structures, roads, and trails. In the short term, flooding of roads 2000 
will likely increase, threatening the structural stability of stream-crossing infrastructure and 2001 
subgrade material. Roads near perennial and other major streams are especially vulnerable (figs. 2002 
3.11, 3.12), and many of these roads are used for recreation access. Many transportation 2003 
professionals consider flooding and inundation to be the greatest threat to infrastructure and 2004 

operations because of the damage that standing and flowing water cause to transportation 2005 
structures (MacArthur et al. 2012, Walker et al. 2011). Floods transport logs and sediment that 2006 

block culverts or are deposited on bridge abutments, and they also accelerate scour. During 2007 
floods, roads and trails can become preferential paths for overland flow, reducing operational 2008 
function and potentially damaging infrastructure not designed to withstand inundation. If 2009 
extreme peak flows become more common, they will have a major effect on roads and 2010 
infrastructure. 2011 

Landslides also contribute to flooding by diverting water, blocking drainage, and filling 2012 
channels with debris (Chatwin et al. 1994, Crozier 1986, Schuster and Highland 2003). Increased 2013 
sedimentation from landslides causes aggradation within a stream, thus elevating flood risk. 2014 

Culverts filled with landslide debris can cause flooding, damage, or complete destruction of 2015 
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roads and trails (Halofsky et al. 2011). Landslides that connect with waterways or converging 2016 

drainages can transform into more destructive flows (Baum et al. 2007). Roads themselves also 2017 
increase landslide risk (Swanson and Dyrness 1975; Swanston 1971, 1976), especially if they are 2018 
built on steep slopes. Chatwin et al. (1994) and Montgomery (1994) found that the number of 2019 
landslides is directly correlated with total kilometers of roads in an area. Consequently, areas 2020 
with high road or trail density and projected increases in soil moisture that already experience 2021 
frequent landslides may be most vulnerable to increased landslide risks.  2022 

Short-term exposures to changes in climate may affect safety and access in the SWOAP 2023 
assessment area. Damaged or closed roads reduce agency capacity to respond to emergencies or 2024 
provide detour routes during emergencies. Increased flood risk could make conditions more 2025 
hazardous for river recreation and campers. More wildfires (chapter 5) could reduce safe 2026 
operation of some roads and require additional emergency response to protect recreationists and 2027 
communities (Strauch et al. 2014). Furthermore, damaged and closed roads can reduce agency 2028 

capacity to respond to wildfires.  2029 
 2030 

 2031 

Emerging and Intensifying Exposure in the Medium and Long Term 2032 

 2033 
Many of the observed exposures to climate change in the short term are likely to increase in the 2034 
medium (10-30 years) and long term (greater than 30 years). In the medium term, natural 2035 
climatic variability may continue to affect outcomes in any given decade, whereas in the long 2036 
term, the cumulative effects of climate change may become a dominant factor. Conditions 2037 
thought to be extreme today may be averages in the future, particularly for temperature-related 2038 
changes (MacArthur et al. 2012). 2039 

Flooding in autumn and early winter is projected to continue to intensify in the medium 2040 

and long term, particularly in mixed-rain-and-snow basins in the High Cascades, but rain-on-2041 
snow events may diminish in importance as a cause of flooding (McCabe et al. 2007). At mid to 2042 
high elevations, more precipitation falling as rain rather than snow will continue to increase 2043 
winter streamflow. By the 2080s, peak flows are anticipated to increase in magnitude and 2044 
frequency. In the long term, higher and more frequent peak flows will likely continue to increase 2045 
sediment and debris transport within waterways. These elevated peak flows could affect stream-2046 
crossing structures downstream as well as adjacent structures because of elevated stream 2047 
channels. Even as crossing structures are replaced with wider and taller structures, shifting 2048 
channel dynamics caused by changes in flow and sediment may affect lower-elevation segments 2049 
adjacent to crossings, such as bridge approaches. See box 3.2 for a description of a past flood 2050 

event on infrastructure in the Siskiyou side of the Rogue River-Siskiyou National Forest. 2051 
Projected increases in flooding in autumn and early winter will shift the timing of peak 2052 

flows and affect the timing of maintenance and repair of roads and trails. More repairs may be 2053 
necessary during the cool, wet, and dark time of year in response to damage from autumn 2054 
flooding and landslides, challenging crews to complete necessary repairs before snowfall. If 2055 
increased demand for repairs cannot be met, access may be restricted until conditions are more 2056 
suitable for construction and repairs.  2057 

In the long term, declines in low streamflow in summer may require increased use of 2058 
more expensive culverts and bridges designed to balance the management of peak flows with 2059 
providing low-flow channels in fish-bearing streams. Road-design regulations for aquatic habitat 2060 

will become more difficult to meet as warming temperatures hinder recovery of cold-water fish 2061 
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populations, although some streams may be buffered by inputs from snow melt or ground water 2062 

in the medium term. 2063 
Over the long term, higher winter soil moisture may increase the risk of landslides in 2064 

autumn and winter. Landslide risk may increase more in areas with tree mortality from fire and 2065 
insect outbreaks, where tree mortality reduces soil root cohesion and decreases interception and 2066 
evaporation, further increasing soil moisture (Martin 2006, Montgomery et al. 2000, Neary et al. 2067 
2005, Schmidt et al. 2001). Landslides may also occur in new areas (e.g., those areas which are 2068 
currently covered by deep snowpack in mid-winter) (MacArthur et al. 2012). Thus, more 2069 
landslides at increasingly higher elevations (with sufficient soil) may be a long-term effect of 2070 
climate change.  2071 

Warmer temperatures and earlier snowmelt may encourage use of trails and roads before 2072 
they are cleared. Relatively rapid warming at the end of the 20th century coincided with greater 2073 
variability in cool season precipitation and increased flooding (Hamlet and Lettenmaier 2007). If 2074 

this pattern continues, early-season visitors may be exposed to more extreme weather than they 2075 
have encountered historically, creating potential risks to visitors. Warmer winters may shift river 2076 
recreation to times of year when risks of extreme weather and flooding are higher. These 2077 
activities may also increase use of unpaved roads in the wet season, which can increase damage 2078 
and associated maintenance costs. 2079 

Climate change may also benefit access and transportation operations in the SWOAP 2080 
assessment area over the long term. Lower snow cover will reduce the need for and cost of snow 2081 
removal, and earlier snow-free dates projected for the 2040s suggest that mid- and high-elevation 2082 
areas will be accessible earlier. Earlier access to roads and trails could create opportunities for 2083 
earlier seasonal maintenance and recreation. A longer snow-free season and warmer 2084 
temperatures may allow for a longer construction season at higher elevations. Less snow may 2085 
increase access for summer recreation, but it may reduce opportunities for winter recreation, 2086 

particularly at moderate elevations (Joyce et al. 2001, Morris and Walls 2009). The highest 2087 
elevations of the SWOAP assessment area may retain relatively more snow than other areas, 2088 
which may create higher localized demand for winter recreation and river rafting in summer over 2089 
the next several decades.  2090 

 2091 
 2092 

Adapting Water Use and Infrastructure Management to Climate Change 2093 
 2094 
Based on the vulnerability assessment information presented in this chapter, and on documented 2095 

adaptation principles (e.g., Millar et al. 2007, Peterson et al. 2011, Swanston et al. 2016), 2096 
adaptation options for southwest Oregon were identified by participants in a workshop that took 2097 
place in Grants Pass, Oregon in April 2018. Participants in the hydrology, water use, and 2098 
infrastructure group included hydrologists and engineers from Rogue River-Siskiyou and 2099 

Umpqua National Forests and other local partners. Participants identified strategies, or general 2100 
approaches, for adapting water use and infrastructure management to climate change. 2101 
Participants also identified more specific on-the-ground tactics, or actions, associated with each 2102 

adaptation strategy and considered the implementation of those tactics, specifically opportunities 2103 
for implementation, and locations or situations in which tactics can be applied. These strategies 2104 
and tactics, intended to guide both short- and long-term planning and management, were 2105 
required to be feasible with respect to budget and level of effort, and to be acceptable within 2106 
current policies. Adaptation strategies and tactics were focused on addressing key climate change 2107 
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sensitivities for water in southwest Oregon, including increased peak flows and associated 2108 

increases in infrastructure damage and sediment delivery to streams; earlier snowmelt and lower 2109 
summer base flows; and increased risk of landslides with higher winter soil saturation. These 2110 
adaptation strategies and tactics are summarized below and in table 3.8. 2111 

 Higher peak streamflows and increased vegetation disturbances (e.g., wildfires and 2112 
drought) with climate change are likely to lead to increased sediment delivery to streams, in 2113 
some cases negatively affecting aquatic habitat (Goode et al. 2012, Peterson and Halofsky 2018). 2114 
Higher peak streamflows are likely to increase damage at road-stream crossings, further 2115 
contributing to increases to sediment delivery to streams (Halofsky et al. 2011). To reduce 2116 
sediment delivery to streams from roads, managers suggested disconnecting ditch lines from 2117 
streams during watershed restoration projects, timber projects, vegetation management projects, 2118 
stewardship activities, and road management activities, particularly where peak flows are 2119 
projected to increase by over 10 percent by mid-century (table 3.8). Safeguards such as drain 2120 

dips at stream crossings could help prevent diversions. Construction of sediment retention 2121 
structures and out-sloping of road segments would also likely minimize sediment input to 2122 
streams (Halofsky et al. 2019). Road decommissioning would likely have local benefits to 2123 
aquatic habitats in terms of reducing fine sediment inputs (Goode et al. 2012). These actions may 2124 
be particularly effective in areas where rain-on-snow events are expected in the future (i.e., in 2125 
watersheds shifting from snow dominated to mixed rain and snow). 2126 
 To minimize damage to infrastructure from increased peak flows, managers can use 2127 
stream flow projections that consider climate change to help in making management decisions. 2128 
For example, managers may want to consider streamflow projections in decisions on structure 2129 
type and sizing at stream crossings (Halofsky et al. 2011). Similarly, project-level travel 2130 
management and restoration decisions could be informed by streamflow projections (table 3.8). 2131 
Areas where damage is most likely can be identified by evaluating where roads are currently 2132 

damaged by floods, current infrastructure condition, and projected changes in peak flows 2133 
(Strauch et al. 2015).   2134 
 Conditions that trigger landslides may occur more frequently in winter with more 2135 
precipitation falling as rain rather than snow, higher soil moisture, and more intense winter 2136 
storms (Strauch et al. 2015). To decrease landslide risk, managers suggested stabilizing slopes 2137 
(with vegetation, drainage, walls, buttresses, or other mechanical means), mapping landslide-2138 
prone areas to identify locations for mitigation measures, locating or relocating roads in areas 2139 
that are less vulnerable to landslides, and decommissioning roads in areas vulnerable to 2140 

landslides (table 3.8). Landslides may also increase with tree mortality caused by fire and insect 2141 
outbreaks (Strauch et al. 2015). Identifying landslide hazard areas and susceptible roads prior to 2142 
the disturbance events can help in identifying areas where treatments may be useful to decrease 2143 
hazards (Peterson and Halofsky 2018).  2144 
 Climate change will likely lead to lower snowpack, earlier runoff, and lower summer 2145 

streamflows in southwest Oregon. Vegetation treatments may help to increase water storage in 2146 
uplands and thus help to maintain summer base flows. For example, manipulating forest 2147 

openings may help increase snow capture and retention (where snow persists) (Troendle 1983), 2148 
but there is still uncertainty around how to make these types of treatments effective (e.g., how 2149 
much area would need to be treated to significantly increase snow retention). Roads and other 2150 
compacted surfaces can be decommissioned or re-engineered to help increase upland water 2151 
storage (Kolka and Smidt 2004), particularly in locations where summer streamflows are 2152 
expected to decrease most.  2153 



 

70 
 

In-stream restoration can also increase hydrologic function and water storage. For 2154 

example, stream restoration techniques that improve floodplain connectivity increase water 2155 
storage capacity, and adding wood to streams improves channel stability and complexity, slows 2156 
water movement, improves aquatic habitat, and increases resilience to both low and high flows 2157 
(Halofsky et al. 2019). Reintroducing or supporting populations of American beaver (Castor 2158 
canadensis Kuhl) may also help to slow water movement and increase water storage in some 2159 
locations (Pollock et al. 2014, 2015). 2160 

 2161 
 2162 

Conclusions 2163 

 2164 
The greatest changes in water resources and infrastructure in southwest Oregon are likely to 2165 
occur in the areas near the Cascade and Siskiyou crests. Fortunately, many of these areas also 2166 

have porous bedrocks, offering some dampening of the effects of these changes on low flows and 2167 
peak flows. The North Fork of the Umpqua River and the Rogue River will see effects from 2168 
these high-elevation changes propagate down much of their length. 2169 

A primary change for southwest Oregon will be the loss of snowpack, both in terms of its 2170 
volume and how long it lasts. Most of this change will be in the currently snow-covered 2171 
Cascades and northeastern Siskiyous. The decreased storage of water by snow in the Cascades 2172 
will lead to lower summer low flows and higher winter peak flows. Changes to low flows will 2173 
affect water supplies and aquatic habitat. Higher peak flows in currently snow-dominated 2174 
watersheds may put transportation and recreation facilities at seasonal risk.  2175 

Loss of snowpack from roads will affect access and potentially road condition. Many 2176 
roads are effectively closed by deep season-long snowpacks in the eastern half of the region, and 2177 
these are likely to see more time open during the wet season. One effect is increased erosion 2178 

potential related to traffic on roads that have not been prepared for wet-season traffic. Another 2179 
effect is increased safety concerns because recreationists will have access to federal lands during 2180 
the time of year when landslides and floods are most likely.  2181 

Summer water supplies and water needs for terrestrial and aquatic ecosystem will be 2182 
more severely strained. Adaptive capacity for water supply exists in terms of reservoir storage, 2183 
but financial and ecological costs of reservoir construction and operation may impose 2184 
constraints. Transportation facilities may be substantially challenged by flooding and increased 2185 
wet weather traffic, requiring decisions about closure or storm damage risk reduction. Stream 2186 

crossings will need to be considered to see if the infrastructure in place (culverts, dams) will 2187 
withstand projected increases in peak flow. 2188 

Interpreting climate change effects for the rugged western half of the region requires 2189 
thinking about processes at a fine spatial scale. The canyons and ridges span elevation ranges 2190 
that are great enough to go from nearly no snowpack near the base to relatively consistent 2191 

seasonal snow at the top, and the changes in snow frame some of the more obvious effects of 2192 
climate change. Local loss of snow will likely lead to more small streams drying earlier or being 2193 

subject to rain-on-snow flooding, with consequences for sediment yields, fisheries, and water 2194 
quality. At the same time reduced summer precipitation will likely make more of the region 2195 
subject to wildfire and other disturbances while further reducing low flows. Such disturbances 2196 
would add to water quality declines in these smaller streams.  2197 

The fractured and diverse geology of this portion of the assessment area also leads to 2198 
fine-scale changes to geologic storage of water that will have important consequences for 2199 
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understanding impacts on some of the region’s unique biota. More so than most regions of the 2200 

Western United States, this region will require more thought and observation by local 2201 
professionals to understand the full scope of what is likely to happen.  2202 
 Adaptation actions may help to reduce the negative effects of a changing hydrologic 2203 
regime on water use, infrastructure, and aquatic ecosystems. Sediment delivery to streams from 2204 
roads can be reduced by disconnecting ditch lines from streams during watershed restoration, 2205 
timber projects, vegetation management, and road management. Landslide risk will be reduced 2206 
by stabilizing slopes, mapping landslide risk, locating or relocating roads in areas that are less 2207 
vulnerable to landslides, and decommissioning roads in vulnerable locations. Streamflow 2208 
projections that consider climate change can inform decisions on structure type and sizing at 2209 
stream crossings, as well as decisions about travel management and restoration. In-stream 2210 
restoration techniques will improve floodplain connectivity and increase water storage capacity 2211 
(e.g., adding wood to streams). Reintroducing or supporting populations of American beaver 2212 

may also help to slow water movement and increase water storage. 2213 
 2214 
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 2542 

Figure 3.1—Relative geologic storage of water across the Southwest Oregon Adaptation 2543 
Partnership assessment area. The inverse of the K value (i.e., 1/K) is the number of days it takes 2544 

for the flow rate to fall to 1/e from an “initial” flow rate (e is Euler’s number used in natural 2545 
logarithms and has a value of about 2.71828). Small K values have a longer recession, in this 2546 
case on the order of 1 month, whereas the higher K values reflect about a 2-week recession to 1/e 2547 
times the original flow. The longest recessions are seen in the younger volcanics of the high 2548 
Cascades in the vicinity of Crater Lake, Diamond Lake, and the upper Rogue River basin.  2549 
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 2552 

 2553 
Figure 3.2—Projected declines in April 1 snow water equivalent between a historical period 2554 
(1991–2011) and 2080, based on a 3 °C increase in December to March average temperature at 2555 
Natural Resources Conservation Service SNOw TELemetry (SNOTEL) stations in the Southwest 2556 
Oregon Adaptation Partnership assessment area (from Luce et al. 2014).  2557 
 2558 

2559 
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 2560 
Figure 3.3—Projected (absolute) change in snow residence time (days) between a historical 2561 
period (1991–2011) and 2080, based on a 3 °C increase in December-March average temperature 2562 
at Natural Resources Conservation Service SNOw TELemetry (SNOTEL) stations in the 2563 

Southwest Oregon Adaptation Partnership assessment area (from Luce et al. 2014). 2564 
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 2565 
Figure 3.4—Projected percent change in snow residence time between a historical period (1991– 2566 
2011) and 2080, based on a 3 °C increase in December-March average temperature at Natural 2567 
Resources Conservation Service SNOw TELemetry (SNOTEL) stations in the Southwest Oregon 2568 
Adaptation Partnership assessment area (from Luce et al. 2014). 2569 
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 2572 

 2573 
Figure 3.5—Projected percent decrease in low flows between a historical period (1970–1999) 2574 

and the 2080s under the A1B greenhouse gas emissions scenario. Projections are based on 2575 
Variable Infiltration Capacity model projections of surface water input changes filtered by 2576 
geologically based unit hydrograph. 2577 
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 2578 
Figure 3.6—Projected percent increase in peak flows between a historical period (1970–1999) 2579 
and the 2080s under the A1B greenhouse gas emissions scenario. Projections are based on 2580 
Variable Infiltration Capacity model projections of surface water input changes filtered by 2581 
geologically based unit hydrograph. 2582 

2583 
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 2584 

 2585 
Figure 3.7—Public water systems using water from National Forest System (NFS), Bureau of 2586 
Land Management (BLM), and National Park Service (NPS) lands. 2587 
 2588 
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 2591 
Figure 3.8—Number of points of diversion (PODs) in the name of the United States, classified 2592 

by subwatershed. 2593 
 2594 
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 2596 

 2597 
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 2598 
Figure 3.9—Projected percent decrease in mean summer flow (cfs) (under the A1B greenhouse 2599 

gas emissions scenario) and snow residence time in 2080. Streamflow projections are based on 2600 
Variable Infiltration Capacity model output for surface water input changes filtered by 2601 
geologically based unit hydrograph. Snow residence time is based on a 3 °C increase in 2602 

December-March average temperature at Natural Resources Conservation Service SNOw 2603 
TELemetry (SNOTEL) stations in the Southwest Oregon Adaptation Partnership assessment area 2604 
(from Luce et al. 2014). 2605 
 2606 
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 2607 
Figure 3.10—Road stream crossings on federal partner lands with projected peak flow increases 2608 

in 2040 (left) and 2080 (right). Streamflow projections are based on Variable Infiltration 2609 
Capacity model output for surface water input changes filtered by geologically based unit 2610 
hydrograph. 2611 
 2612 
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 2613 
Figure 3.11—Vulnerable roads within the Southwest Oregon Adaptation Partnership assessment 2614 
area, and percent change in bankfull flow between historical data (1970–1999) and 2050 2615 
projections under the A1B greenhouse gas emissions scenario. Streamflow projections are based 2616 
on Variable Infiltration Capacity model output for surface water input changes filtered by 2617 
geologically based unit hydrograph.  2618 
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 2619 

 2620 
Figure 3.12—Miles of roads within 90 m of streams, and projected change in peak flow 2621 
sensitivity in 2040 (left) and 2080 (right). Peak flow sensitivity is based on Safeeq et al. (2015). 2622 
 2623 
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 2625 
Figure 3.13—Percent change in snow residence time over roads by 2080. Snow residence time is 2626 
based on a 3 °C increase in December-March average temperature at Natural Resources 2627 
Conservation Service SNOw TELemetry (SNOTEL) stations in the Southwest Oregon 2628 
Adaptation Partnership assessment area (from Luce et al. 2014). 2629 
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 2630 

 2631 
Figure 3.14—Bridge locations and percent change in bankfull flow between historical data 2632 
(1970–1999) and 2080 projections under the A1B carbon dioxide emissions scenario. 2633 
Streamflow projections are based on Variable Infiltration Capacity (VIC) model output for 2634 

surface water input changes filtered by geologically based unit hydrograph.  2635 
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 2636 

Table 3.1—Summary of certified water rights in the Southwest Oregon Adaptation 2637 
Partnership hydrologic assessment area. A single water right can have more than one point 2638 
of diversion. Data are from Oregon Department of Water Resources. 2639 
 2640 

 

Rogue 
River- 

Siskiyou 
National 
Forest 

Umpqua 
National 
Forest 

Medford 
District 

Roseburg 
District 

Oregon 
Caves 

National 
Monument 

Other 
federal Other Total 

Water 
rights in 
name of 

units 

54 45 202 82 2 6 10903 11295 

  2641 
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Table 3.2—Summary of water rights use type by Southwest Oregon Adaptation 2642 

Partnership administrative unit (number of water rights in a category/total number of 2643 

water rights on a unit). A water right can have multiple use types, and there is significant 2644 

overlap. Data are from Oregon Department of Water Resources. 2645 

 2646 

 2647 

2648 

 

Rogue 
River- 

Siskiyou 
National 
Forest 

Umpqua 
National 
Forest 

Medford 
District 

Roseburg 
District 

Oregon 
Caves 

National 
Monument 

Agriculture 0 0 0 1/82 0 

Aesthetics 0 0 1/202 0 0 

Domestic 23/54 31/45 3/202 0 2/2 

Fish culture 3/54 0 1/202 0 0 

Forest management 0 0 5/202 58/82 0 

Fire protection 1/54 7/45 116/202 4/82 2/2 

Greenhouse 0 0 1/202 0 0 

Irrigation 8/54 1/45 8/202 1/82 0 

Livestock 9/54 8/45 119/202 0 0 

Manufacturing 0 2/45 9/202 1/82 0 

Multi-purpose 0 0 4/202 0 0 

Pond maintenance 3/54 0 4/202 22/82 0 

Power development 2/54 0 0 0 0 

Recreation/campsite 11/54 4/54 2/202 0 0 

Road maintenance 0 0 96/202 2/82 0 

Storage 1/54 1/45 3/202 20/82 0 

Temperature control 1/54 0 0 0 0 

Wildlife 8/54 8/45 142/202 0 0 
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Table 3.3—Points of diversion (POD) in the name of Southwest Oregon Adaptation 2649 

Partnership administrative units (within the project hydrologic assessment area). Only 2650 

PODs for certified water rights are reported. Data are from Oregon Department of Water 2651 

Resources. 2652 

  2653 

 

Rogue River- 
Siskiyou 
National 
Forest 

Umpqua 
National 
Forest 

Medford 
District 

Roseburg 
District 

Oregon 
Caves 

National 
Monument 

Unique 
points of 
diversion 

On unit 42 41 188 79 2 

On other unit 
or private 12 5 16 5 0 

Total 54 46 204 84 2 

 2654 

 2655 

Table 3.4—Length of road by maintenance level on national forests and grasslands in the 2656 

Southwest Oregon Adaptation Partnership assessment area 2657 

 2658 
Operation 

maintenance level 
Rogue 
River-

Siskiyou 
National 
Forest 

Umpqua 
National 
Forest 

Medford 
District 

Roseburg 
District 

Oregon 
Caves 

National 
Monument 

Total 
in SWOAP 

assessment 
area Code Description 

  Kilometers 

ML 1 
Basic 
custodial care 
(closed) 

1144 1423 289 418 7 3281 

ML 2 
High 
clearance 
cars/trucks 

5628 5309 2933 1945 48 15862 

ML 3 
Suitable for 
passenger 
cars 

1293 560 3321 1318 8 6500 

ML 4 
Passenger car 
(moderate 
comfort) 

295 200 504 447  1446 

ML 5 Passenger car 
(high comfort) 28 66 62 154  310 

 Unknown   365 290  656 
 Total 8388 7559 7474 4572 62 28056 

 2659 
 2660 

2661 
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Table 3.5—Count of bridges administered by Rogue River-Siskiyou and Umpqua National 2662 

Forests based on projected percent change in peak streamflow at bridge crossings. Data are 2663 
from the Forest Service INFRA database.  2664 

 2665 

Forest Time period 
Percent change in peak streamflow 
<0 0–10 10–20 20–30 >30 

Rogue River-Siskiyou Mid-century (2040s) 4 81 25 20 2 
Late-century (2080s) 16 70 24 9 6 

Umpqua Mid-century (2040s) 2 60 25 7 2 
Late-century (2080s) 13 46 25 4 8 

 2666 

 2667 

Table 3.6—Length of roads (km) within 90 m of streams and rivers by administrative unit 2668 

 2669 

 

Rogue 
River-

Siskiyou 
National 
Forest 

Umpqua 
National 
Forest 

Medford 
District 

Roseburg 
District 

Oregon 
Caves 

National 
Monument 

Length of roads 
(in km) within 90 

m of streams 
778 682 714 386 2 

 2670 
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Table 3.7—Hydrologically sensitive transportation infrastructure under the jurisdiction of Southwest Oregon Adaptation 2671 
Partnership administrative units 2672 

 2673 

1RRS=Rogue River-Siskiyou National Forest; UMP=Umpqua National Forest; MED=Medford District of the Bureau of Land 2674 

Management; ROSE= Roseburg District of the Bureau of Land Management; and OR CAVE=Oregon Caves National Monument and 2675 

Preserve. 2676 
2Area of a sub-basin (4th field watershed) within the administrative unit. 2677 
3For streams within 90 m of roads; based on streamflow projections from the Variable Infiltration Capacity hydrologic model.2678 

Unita Sub-basin 
Sub-basin 

area in 
unit  

(km2)b 

Number 
of stream 
crossings 

Length of roads within 90 m of streams (km) 

Total 

With projected 
increases in 
peak flow of 

>10% (2040)c  

With projected 
increases in 
peak flow of 
>20% (2040) 

With projected 
increases in 
peak flow of 
>30% (2040) 

With projected 
increases in 
peak flow of 
>10% (2080) 

With projected 
increases in 
peak flow of 
>20% (2080) 

With projected 
increases in 
peak flow of 
>30% (2080) 

RRS 

Illinois 1803 245 150 12 0 0 3 0 0 
Upper Rogue 1707 575 311 138 49 17 144 60 31 

Chetco 1012 65 50 1 0 0 3 0 0 
Applegate 788 234 209 77 14 0 75 18 7 

Lower Rogue 719 90 53 0 0 0 2 0 0 
Sixes 274 24 36 0 0 0 0 0 0 

Coquille 265 61 65 1 0 0 0 0 0 
Others 340 20 15 0 0 0 0 0 0 

 Total 6908 1314 889 229 63 17 227 78 38 

UMP 
North Umpqua 2317 802 366 116 34 7 154 56 28 
South Umpqua 1299 416 265 35 0 0 54 0 0 
Coast Fork Will 352 146 84 40 0 0 32 0 0 

Others 24 9 5 0 0 0 0 0 0 
 Total 3992 1373 720 191 34 7 240 56 28 

MED 

Lower Rogue 849 255 192 27 0 0 30 4 0 
Upper Rogue 658 268 189 12 0 0 45 2 1 

Applegate 600 268 146 1 0 0 5 0 0 
Middle Rogue 538 226 184 50 0 0 32 0 0 
South Umpqua 330 140 138 0 0 0 8 0 0 
Upper Klamath 295 70 34 16 2 0 19 6 0 

Illinois 254 143 79 1 0 0 1 0 0 
 Total 3524 1370 962 107 2 0 140 12 1 

ROSE 
South Umpqua 711 224 240 7 2 0 20 0 0 

Umpqua 494 140 198 24 0 0 40 0 0 
North Umpqua 353 128 101 2 1 0 18 1 0 

Coquille 76 35 30 0 0 0 7 0 0 
 Total 1634 527 569 33 3 0 85 1 0 

OR 
CAVE Illinois 18 7 5 0 0 0 0 0 0 



 

97 
 

Table 3.8—Water use and infrastructure adaptation options for southwest Oregon 2679 
 2680 

Sensitivity to climate 
change 

Adaptation strategy Adaptation tactic 

High peak flows will lead to 
increased road damage at 
stream crossings, causing 
increased sediment delivery 
to streams and damage to 
infrastructure. 
 

Reduce stream network 
extension from constructed 
features. 

 Disconnect ditch lines from streams. 
 Construct sediment retention structures. 
 Out-slope road segments. 

 Use climate change projections 
from the vulnerability 
assessment in project decision 
making. 

 Choose appropriate structures and sizing 
at stream crossings. Take into account 
future projected increases in peak flows. 

 Use streamflow projections to inform 
project-level travel management decisions. 

 Apply streamflow projections to the 
watershed condition framework when 
choosing watersheds for restoration. 
 

Climate change will lead to 
earlier snowmelt and lower 
summer base flows. 

Design, create, and promote 
upslope features that will 
increase water storage. 

 Design vegetation treatments that capture 
and retain snow on the ground. 

 Thin young to mid-age plantations at a 
large scale. 

 Restore compacted surfaces such as 
landing, skid trials, and old roads. 
 

 Design, create, and promote 
instream features that will 
increase water storage. 

 Conduct instream restoration with large 
woody debris. 

 Reconnect floodplains and side channels.* 
 Conduct meadow restoration and promote 

beaver dams. 
 Design culverts that accommodate beaver 

activity. 
 

Increased winter soil 
saturation leads to higher 
risk of landslides, affecting 
road systems, access, water 
quality, human safety, and 
maintenance costs. 

Increase resilience of existing 
infrastructure within landslide-
prone zones. 

 Stabilize slopes with vegetation or by 
mechanical means. 

 Map landslide-prone areas with light 
detection and ranging (LIDAR) and use 
mapping to apply mitigation measures. 

 Locate/relocate roads in areas less 
vulnerable to landslides.* 

 Close and decommission roads in areas of 
high landslide risk.* 

 Install early warning systems to notify 
visitors of danger. 
 

* Indicates adaptation strategies and tactics from the Climate Change Adaptation Library 2681 
(http://adaptationpartners.org/library.php) identified as relevant to southwest Oregon by workshop 2682 
participants. 2683 

  2684 
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 2685 

Box 3.1 2686 

Travel Analysis and Climate Change in the Lower Fish Creek Project  2687 

 2688 
A forest-wide travel analysis was completed for the Umpqua National Forest in 2015 (USDA FS 2689 
2015). Part of this analysis included ranking road segments according to their importance for 2690 
public and administrative use, as well as for environmental risks. Effects on aquatic resources 2691 
were weighted heavily in determining environmental risk; modeled sediment yield from road 2692 
prisms and sediment delivery to streams, roads occupying riparian reserves, and stream crossings 2693 
were all taken into consideration.  2694 

This forest-scale assessment of roads was paired with the modeled hydrologic effects of 2695 
climate change, including the percent decrease in mean summer flow and percent increase in 2696 

peak bankfull flow in 2040. The purpose of this exercise was to demonstrate a potential use of a 2697 
scaled-down climate vulnerability assessment. The results from climate change models can be 2698 
useful at multiple scales, from ecoregional assessments to subwatershed restoration projects.  2699 

The figures in this scaled-down example (see below) are from the Lower Fish Creek 2700 
watershed, which is a subwatershed within the Fish Creek 5th-field watershed and a tributary to 2701 
the North Umpqua River. An interdisciplinary team is gathering data on existing conditions 2702 
within the Fish Creek Project area to determine opportunities for restoration, including forest 2703 
thinning, fuel breaks, road improvement and decommissioning, and stream restoration. The 2704 
existing conditions of the road network in the project area, including benefit for future use and 2705 
potential risk to aquatic resources, can be compared to future changes in streamflow caused by 2706 
climate change.  2707 

In the Fish Creek watershed, peak flow is expected to increase, summer low flow is 2708 

expected to decrease, and snowpack is expected to shift from seasonal to intermittent. The 2709 
location and density of the roads in the watershed can be evaluated in relation to these changes; a 2710 
dense road network can intercept groundwater and exacerbate summer low-flow conditions, and 2711 
stream crossings can have an increased risk of failure with increased peak flows. Opportunities 2712 
for road decommissioning exist where roads have lower benefit for public and administrative use 2713 
and high risk now (based on results of travel analysis) or in the future (based on modeling). 2714 
Alternatively, roads can be improved to limit the risk of current or projected impacts from peak 2715 
flows if they are determined to be important for future use. 2716 

 2717 
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 2718 
Figure Box 3.1.   2719 
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Box 3.2 2720 

Effects of a Flood Event on Infrastructure on the Rogue River-Siskiyou 2721 

National Forest 2722 

 2723 
The December 1996/January 1997 storm and flood in southern Oregon—estimated to be a 25- to 2724 
50-year hydrologic event—provides an opportunity to evaluate susceptibilities of the road 2725 
system to episodic erosional events, identify downstream effects, and recommend actions that 2726 
will reduce the frequency and magnitude of future road failures (SNF 1998). The majority of 2727 
road damage in this storm event was associated with culverts and stream crossings. Culvert 2728 
plugging was over twice as common as the second leading cause of road failure, accounting for 2729 
43 percent of all road failures. Other causes included fill failure by stream undercutting (21 2730 
percent), culvert plugging by debris torrents (12 percent), fill failures not at stream crossings (11 2731 

percent), cutbank failures (9 percent), and hydraulic exceedance of culvert capacity (4 percent) 2732 
(SNF 1998).  2733 

Stream diversions at road/stream crossings were identified as the cause of the most 2734 
damaging storm-related erosional process in the analysis. A stream diversion is where a culvert 2735 
at a road-stream crossing plugs, causing the water to divert down the road ditch, and resulting in 2736 
accelerated surface erosion. Diversion potential existed at many mid and upper hillslope road-2737 
stream crossings, greatly increasing the downstream effects of road failure sites. Stream 2738 
diversions resulted in 2 to 3 times more sediment delivery than fill overtopping and complete 2739 
stream crossing washout (SNF 1998). In-sloped roads often carried ditch runoff and diverted 2740 
streamflow long distances across the hillside, sometimes over 0.8 km. 2741 

Culvert exceedance and plugging in turn caused ponding, overtopping, crossing failure 2742 
(washout), or stream diversion. Stream diversions led to gullying, landsliding, and other 2743 
cascading effects where small failures high in the watershed produced or contributed to 2744 

increasingly large failures farther down the hillside. For example, stream diversions frequently 2745 
caused plugging of multiple ditch-relief culverts, ditch scour, hillslope landslides, and gullies. 2746 
All of these processes greatly increased sediment delivery. 2747 
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Chapter 4: Climate Change Effects on Fish Species in Southwest 2748 

Oregon 2749 

 2750 

Daniel J. Isaak, Brett B. Roper, Gordon H. Reeves, and Dona Horan12751 
 2752 

 2753 

Introduction 2754 
 2755 

The Southwest Oregon Adaptation Partnership (SWOAP) assessment area hosts important cold-2756 
water fish species and several regional endemics that have declined in response to invasive 2757 
species, habitat fragmentation and degradation, overharvest, and water development (Hessburg 2758 
and Agee 2003, Nehlsen et al. 1991, Sanderson et al. 2009). Environmental trends related to 2759 

climate change may further alter aquatic habitats and pose additional risks to native populations. 2760 
In part, that is because fish species are ectothermic, thus thermal conditions dictate their 2761 
metabolic rates and most aspects of their life cycles—how fast they grow and mature, whether 2762 
and when they migrate, when and how often they reproduce, and when they die (Brannon et al. 2763 
2004, Magnuson et al. 1979, Neuheimer and Taggart 2007). However, aquatic species are 2764 
equally attuned to hydrologic variability (Barnett et al. 2008, Jonsson and Jonsson 2009, Poff et 2765 
al. 2010) and disturbance regimes that shape their life history, phenology, dispersal capacity, and 2766 
persistence in dynamic environments (Reeves et al. 1995, Rieman and Dunham 2000).  2767 

Human-caused climate change has long raised concerns about effects on freshwater 2768 
ecosystems because of its potential to directly and pervasively affect aquatic environments 2769 
(Keleher and Rahel 1996, Meisner 1990). Numerous studies have emerged in recent years that 2770 
document long-term climate-related trends in aquatic environmental conditions that affect 2771 

aquatic regimes, both regionally (Arismendi et al. 2013, Barnett et al. 2008, Hamlet and 2772 
Lettenmaier 2007, Isaak et al. 2012a, Luce and Holden 2009, Mote et al. 2005) and in or near 2773 
southwest Oregon (Asarian and Walker 2016, Bartholow 2005, Safeeq et al. 2013). Biological 2774 
evidence also exists of fish population responses to environmental trends associated with climate 2775 
change in the form of shifting distributions (Al-Chokhachy et al. 2016, Comte and Grenouillet 2776 
2013, Eby et al. 2014), adjustments in phenology (Crozier et al. 2011, Martins et al. 2012), and 2777 
evolutionary change (Kovach et al. 2012, Manhard et al. 2017). Moreover, cold-water salmon 2778 

and trout populations that are often of management and conservation concern show evidence of 2779 
heat-related stress in some rivers during warm summers, migration delays, mortality events, or 2780 
population declines that may lead to fishing season closures (Bowerman et al. 2016, Cooke et al. 2781 
2004, Keefer et al. 2009, Lynch and Risley 2003), all of which are expected to increase in the 2782 
future (Isaak et al. 2018). Climate change during the 21st century (chapter 2) is likely to have 2783 

                                                           
1 Daniel J. Isaak is a research fish biologist, U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Research Station, 322 East Front Street, Suite 401, Boise, ID 83702; Brett B. 
Roper is an aquatic ecologist, U.S. Department of Agriculture, Forest Service, National Stream 
and Aquatic Ecology Center, 860 North 1200 East, Logan, UT 84321; Gordon H. Reeves is a 
research fish ecologist (emeritus), U.S. Department of Agriculture, Forest Service, Pacific 
Northwest Research Station, 3200 Jefferson Way Corvallis, Oregon 97331; and Dona Horan is 
a fish biologist, U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 
Station, 322 East Front Street, Suite 401, Boise, ID 83702. 
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important implications for the distribution, abundance, and persistence of some populations of 2784 

fish species and will complicate conservation and management efforts on their behalf.  2785 
A key challenge with respect to climate change is human adaptation strategies, which 2786 

ultimately require detailed information about local climatic conditions and natural resources to 2787 
guide tactical decision making. Rather than reviewing the large and growing literature that 2788 
describes the interactions among climate change and aquatic environments (e.g., Comte et al. 2789 
2013; Hauer et al. 1997; Hotaling et al. 2017; Isaak et al. 2012a,b; ISAB 2007; Kovach et al. 2790 
2016; Lynch et al. 2016; Mantua et al. 2010; Mote et al. 2003; Rieman and Isaak 2010; Whitney 2791 
et al. 2016), we summarize information specific to the SWOAP assessment area.  2792 

First, we provide a historical perspective of the aquatic habitats in the landscape and past 2793 
activities that affect their current status and ability to support aquatic species. Second, we 2794 
describe the spatial extent of the stream and river habitats in the analysis area using geospatial 2795 
datasets, then describe climate-related historical and future trends in hydrologic and thermal 2796 

regimes using high-resolution scenarios. Third, we describe the status and potential climate 2797 
vulnerabilities for fish species of concern in the assessment area, which were identified from 2798 
discussions with U.S. Forest Service (USFS) land managers and regional staff, and biologists 2799 
from several other agencies. Species were chosen based on their perceived vulnerability to 2800 
climate change or because of their societal prominence as Endangered Species Act (ESA) listed 2801 
species and include: Chinook salmon (Oncorhynchus tshawytscha [Walbaum in Artedi, 1792]) 2802 
(spring and fall runs), coho salmon (O. kisutch [Walbaum, 1792]), the anadromous form of 2803 
rainbow trout, commonly referred to as steelhead (O. mykiss [Walbaum, 1792]) (summer and 2804 
winter runs), coastal cutthroat trout (O. clarkii clarkii [Richardson, 1836]), Pacific lamprey 2805 
(Entosphenus tridentatus [Richardson, 1836]), and Umpqua chub (Oregonichthys kalawatseti 2806 
Markle, Pearsons and Bills, 1991). Finally, we conclude with a general discussion of climate 2807 
adaptation options that may be useful for partially mitigating future effects and tracking or 2808 

understanding ecosystem responses this century. 2809 
 2810 
 2811 

Aquatic Landscape Conditions  2812 
 2813 
The aquatic landscape in the SWOAP assessment area consists of a 13,000-km network of 2814 
streams and rivers that drain topographically steep, forested, relatively low-elevation basins with 2815 

mixed private and federal ownership. The main rivers are the Rogue River with its two southern 2816 
tributaries, the Applegate River and Illinois River, and the two forks of the Umpqua River 2817 
upstream of their confluence (fig. 4.1). Minor river drainages with fish species of concern 2818 
include the Chetco River, Coquille River, and Elk River. Dams on Lost Creek, Applegate River, 2819 
Elk Creek, and the upper Rogue River block access to areas historically occupied by anadromous 2820 

fish. Reservoirs behind the two largest dams on the Applegate River and Rogue River thermally 2821 

stratify, and downstream water releases are approximately 2 °C cooler than ambient conditions 2822 

during the summer and 2 °C warmer during the winter (Angilletta et al. 2008).  2823 
Stream habitats throughout the SWOAP assessment area have been degraded since the 2824 

mid-19th century with Euro-American settlement. Initial entries into basins were often made in 2825 
pursuit of precious metals (Scott 1917), and later dredge mining activities removed significant 2826 
amounts of alluvium from river beds and have contributed to current conditions wherein some 2827 

streams are scoured to bedrock (O’Connor et al. 2014). The local economy and human 2828 
population size grew from the late 19th until the middle 20th century, spurred by commercial 2829 
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industries focused on harvesting abundant salmon runs and logging the region’s timber (Taylor 2830 

1999).  2831 
Timber extraction was accompanied by development of an extensive road network that 2832 

contributed fine sediments into streams, increased the incidence of hillslope failures, and 2833 
sometimes restricted fish movements where road culverts provided inadequate stream passage 2834 
(Steel et al. 2004, Trombulak and Frissell 2000). Moving timber downstream to saw mills was 2835 
sometimes accomplished by development and purposeful destruction of splash dams. Subsequent 2836 
log passage along stream courses was expedited by removal of large woody debris and other 2837 
roughness elements that are now recognized as important contributors to fish habitat diversity 2838 
(Miller 2010, Sedell and Froggatt 1984, Wing and Skaugset 2002).  2839 

Road construction and timber harvest adjacent to streams opened riparian canopies and 2840 
probably contributed to alteration of stream thermal regimes (Johnson and Jones 2000, Moore 2841 
and Wondzell 2005). Intense timber harvest and dense accompanying road networks in some 2842 

basins altered hydrologic regimes and increased peak flows compared to unharvested basins 2843 
(Jones and Grant 1996, Moore and Wondzell 2005). Repeat surveys spanning the 50-year period 2844 
of 1937 to 1987 showed that channels in managed watersheds were significantly wider than 2845 
those in protected watersheds in the South Umpqua Basin (Dose and Roper 1994), a result that is 2846 
attributed to increased sediment loads, altered hydrology, and poor stream bank conditions 2847 
associated with timber harvest and road construction (Beschta 1978). Growth in municipal and 2848 
agricultural development during the 19th and 20th centuries also led to increased water needs and 2849 
diversion of water from stream and river courses (Hayes and Herring 1960). Continued growth 2850 
of urban areas this century is likely to continue these trends, and as the proportion of paved 2851 
surfaces increases, it could contribute to flashier hydrographs and thermal spikes in some basins 2852 
(Walsh et al. 2005).  2853 

Alteration of stream and river habitats, exacerbated by commercial and recreational 2854 

overfishing, led to steep declines in many salmon and steelhead populations by the mid-20th 2855 
century (FCO 1946). Populations currently remain at depressed levels for most species and are 2856 
estimated to be 5–15 percent of their pre-settlement abundance (Meengs and Lackey 2005). 2857 
Hatcheries have been developed in the Rogue River (Cole River Hatchery) and North Fork 2858 
Umpqua (Rock Creek Hatchery) basins to subsidize populations of spring and fall Chinook 2859 
salmon, coho salmon, summer and winter steelhead, and rainbow trout. Several nonnative fish 2860 
species have been introduced to southwest Oregon and support popular fisheries, including 2861 
brown trout (Salmo trutta Linnaeus, 1758), brook trout (Salvelinus fontinalis [Mitchill, 1814]), 2862 

striped bass (Morone saxatilis [Walbaum, 1792]), and smallmouth bass (Micropterus dolomieu 2863 
Lacepède, 1802) (Baigun 2003, Dambacher 1991). These species often compete with, or prey on, 2864 
native fishes. Smallmouth bass, in particular, has expanded throughout the main stem of the 2865 
Umpqua River and is thought to be a primary agent causing declines of Umpqua chub 2866 
populations (O’Malley et al. 2013, Simon and Markle 1999). 2867 

The generally poor status of anadromous fish species in southwest Oregon and elsewhere 2868 
along the west coast of North America has motivated prominent regional conservation efforts, 2869 

development of the Northwest Forest Plan (Reeves et al. 2018), and subsequent enactment of the 2870 
Aquatic and Riparian Effectiveness Monitoring Plan (AREMP) to monitor stream conditions on 2871 
USFS and Bureau of Land Management (BLM) lands throughout the region (Reeves et al. 2003). 2872 
Trend monitoring datasets collected since 1994 with the inception of the AREMP program 2873 
suggest that stream conditions in watersheds with a majority of public ownership have generally 2874 
been stable or improving, changes which may be attributable to better management practices, 2875 
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reductions in timber harvest, and decommissioning of some roads (Lanigan et al. 2012). 2876 

Significant stream recovery, however, is expected to take decades given the extent of historical 2877 
modifications, and fish habitats are likely to remain less diverse and productive than pre-2878 
settlement conditions for the foreseeable future.  2879 

 2880 

Stream Climate Trends 2881 
 2882 
To describe stream climate trends and the extent of habitat available to the species of concern, 2883 
we delineated a SWOAP assessment area stream network using the 1:100,000-scale National 2884 
Hydrography Dataset (NHD)-Plus Version 2, which was downloaded from the Horizons Systems 2885 
website (http://www.horizon-systems.com/NHDPlus/index.php; McKay et al. 2012). Summer 2886 
flow values projected by the Variable Infiltration Capacity (VIC) hydrologic model (Wenger et 2887 
al. 2010) were obtained from the Western U.S. Flow Metrics website 2888 

(http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml) and linked 2889 
to NHD-Plus stream reaches. The network was filtered to exclude reaches with summer flows 2890 
less than 0.006 m3s-1, which approximates a low-flow wetted width of 1 m (based on an 2891 
empirical relationship developed in Peterson et al. [2013b]) because fish occurrences are rare in 2892 
these areas (Isaak et al. 2017c). The network was further filtered to exclude reaches with greater 2893 
than 15 percent slope where fish occurrences are also rare (Isaak et al. 2017c). Especially steep 2894 
headwater reaches often have geological barriers that are either insurmountable to fish or are 2895 
prone to frequent disturbances (e.g., post-wildfire debris torrents) that may cause local 2896 
extirpations of fish populations (May and Gresswell 2004, Miller et al. 2003). Application of the 2897 
reach slope and summer flow criteria created the final 13,000-km network that served as the 2898 
basis for subsequent analyses and summaries. Forty-three percent of the network flowed through 2899 
USFS lands, 25 percent through BLM lands, and 32 percent through private lands. 2900 

Scenarios representing mean August stream temperature were downloaded from the 2901 
NorWeST website (www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html) (Isaak et al. 2902 
2016a) and linked to reaches in the analysis network. NorWeST scenarios have a 1-km 2903 
resolution and were developed by applying spatial stream network models (Ver Hoef et al. 2006) 2904 
to temperature records that were collected by resource agencies within the SWOAP assessment 2905 
area at 989 unique stream sites (Isaak et al. 2017b), and are viewable using a dynamic mapping 2906 
tool at the NorWeST website. The predictive accuracy of the NorWeST model (cross-validated 2907 
r2 = 0.91; cross-validated root mean square prediction error = 1.0 °C), combined with substantial 2908 

empirical support, provided a consistent and spatially balanced rendering of temperature patterns 2909 
and thermal habitat for all streams. To depict temperatures during a baseline period, we used the 2910 
S1 scenario that represented average conditions for 1993-2011 (hereafter 2000s). The mean 2911 
August stream temperature during this period was 14.7 °C in the SWOAP network and ranged 2912 
from 5.1 to 23.7 °C among reaches; temperatures were usually cooler in streams flowing through 2913 

national forest lands at higher elevations (table 4.1, fig. 4.2a).  2914 
Future stream temperature scenarios were also downloaded from the NorWeST website 2915 

and chosen for the same climate periods (2030-2059, hereafter 2040s; 2070-2099, hereafter 2916 
2080s) and emission scenario (A1B) as those used for the VIC streamflow analysis in chapter 3. 2917 
The future NorWeST scenarios used were S30 (2040s) and S32 (2080s; Isaak et al. 2016b), 2918 
which account for differential sensitivity and slower warming rates of the coldest streams that are 2919 
often buffered by groundwater (Isaak et al. 2017b, Luce et al. 2014). Future August stream 2920 
temperature increases relative to the baseline period of 2000 were projected to average 1.29 °C 2921 

http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml
http://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html
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by the 2040s and 2.23 °C by the 2080s, which implies a warming rate of ~0.30 °C/decade (table 2922 

4.1, fig. 4.2). That rate is similar to the observed historical warming rate during 1976–2015 of 2923 
0.28 °C per decade for mean August temperatures at a small number of unregulated river sites 2924 
with long-term records in the SWOAP assessment area (fig. 4.3a). A regional analysis of long-2925 
term monitoring records at 391 river sites (Isaak et al. 2018) indicates those warming trends are 2926 
concordant with a broader regional pattern but also that historical warming trends were common 2927 
to most summer and early fall months (figs. 4.3 and 4.4).  2928 

Spatial variation in patterns of warming were also apparent. River reaches on the Rogue 2929 
River and Applegate River that were downstream of large dams and reservoirs showed little 2930 
evidence of warming trends during summer months in comparison to free-flowing reaches (figs. 2931 
4.2-4.4). Releases of cold water from upstream reservoirs account for the lack of warming and 2932 
represent an adaptation option that water managers may already be exercising to ameliorate 2933 
thermally stressful conditions for some species. Although these reaches constitute a relatively 2934 

small portion of the network length within the project area (approximately 2 percent), they are 2935 
important migratory habitats for some anadromous fish populations. Throughout the broader 2936 
network outside of the regulated reaches, temperature increases were relatively uniform except 2937 
for smaller increases in streams at the highest elevations along the eastern and southern portions 2938 
of the SWOAP assessment area (figs. 4.2c and 4.2d).  2939 

Potential changes in streamflow characteristics are described in detail in chapter 3. The 2940 
SWOAP assessment area has relatively low elevations, so hydrographs of most streams are 2941 
typical of rainfall runoff patterns, and their form is not anticipated to change appreciably with 2942 
future warming. For example, projected alterations in runoff timing and mean annual flow are 2943 
minor (chapter 3). However, important spatial variation exists with regard to projected changes 2944 
in two ecologically important metrics—the frequency of high-flow events during winter and 2945 
summer flows (figs. 4.5 and 4.6). The frequency of high winter flows are projected to increase 2946 

significantly along the Cascade crest in the eastern portion of the SWOAP assessment area (figs. 2947 
4.5c and 4.5d).  2948 

Summer flows are projected to decline on average throughout the SWOAP assessment 2949 
area by 21–23 percent in the 2040s and 31–35 percent in the 2080s (fig. 4.6), which implies 2950 
similar rates of future change as those observed during past decades at unregulated in the 2951 
SWOAP assessment area (Asarian and Walker 2016, Isaak et al. 2018). Summer flow declines 2952 
are anticipated to be particularly large (>30 percent) in streams at the highest elevations along 2953 
the Cascade crest where snowpacks are at risk (figs. 4.6c and 4.6d, chapter 3). For additional 2954 

spatial resolution, Appendix 4.A provides a tabular summary of conditions during the historical 2955 
and future climate periods by 6th code hydrologic units for flow characteristics as well as August 2956 
stream temperatures. 2957 
 2958 
 2959 

Ocean Cycles and Climate Extremes 2960 
 2961 
The abundance of anadromous fish that return to coastal Oregon streams and rivers cycles with 2962 
changes in ocean productivity, which is an important determinant of fish growth and survival 2963 
(Hare et al. 1999, Mantua et al. 1997). Ocean productivity varies in response to changes in sea 2964 
surface temperatures and the strength of coastal upwelling that is tied to regional climate cycles 2965 

like the El Niño Southern Oscillation (ENSO), Pacific Decadal Oscillation (PDO), and the North 2966 
Pacific Gyre Oscillation (NPGO) (Kilduff et al. 2015). Cooler phases in these cycles alternate 2967 
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with warm phases at 2- to 20-year intervals and are associated with more coastal upwelling and 2968 

larger returning fish populations (Mantua et al. 1997, Mote et al. 2003).  2969 
Recent research has documented a linkage between greenhouse forcing and increasing 2970 

variance in the north Pacific Oscillation (NPO) (Di Lorenzo and Mantua 2016), which is the 2971 
primary driver of the NPGO and PDO that explain much of the variation in Chinook salmon and 2972 
coho salmon recruitment along the west coast of North America (Kilduff et al. 2015, Mantua 2973 
2015). Consistent with that linkage, recent winters have shown NPO activity at record highs and 2974 
the warmest sea surface temperature anomalies ever recorded in the northeast Pacific (i.e., “the 2975 
blob”), suggesting that extremes in physical conditions linked to salmon survival rates may 2976 
become more frequent in future decades (Bond et al. 2015, Di Lorenzo and Mantua 2016). 2977 

Although these cycles most strongly affect anadromous fishes during their oceanic life 2978 
stages, inland effects on temperature, precipitation, and hydrologic regimes are also likely to 2979 
translate to greater variability in the quality and quantity of freshwater habitats (Kiffney et al. 2980 

2002, Mote et al. 2003, Sawaske and Freyburg 2014). Increasing temperatures accompanied by 2981 
more extreme droughts and projected growth of summer water balance deficits create a recipe for 2982 
more frequent and larger wildfires like those that have occurred in the SWOAP assessment area 2983 
in recent decades (chapter 5, Reilly et al. 2018). More extensive wildfires are likely to result in 2984 
more debris flows and channel disturbances in steep headwater streams (Miller et al. 2003, 2985 
Sedell et al. 2015), while also increasing the sediment load being transported through the 2986 
network (Goode et al. 2012).  2987 
 2988 
 2989 

Focal Species Status and Vulnerability 2990 
 2991 
Interactions between the climate change trends described in the previous section and the status, 2992 

ecology, habitat preferences, and climatic sensitivity of individual species determine their 2993 
vulnerability. Those vulnerabilities are discussed and contextualized in this section using 2994 
species-specific potential habitat maps. Because the SWOAP assessment area encompassed an 2995 
area of mixed land ownership, geospatial representations of fish distributions provided by USFS 2996 
Pacific Northwest Region, Oregon Department of Fish and Wildlife (ODFW), and BLM were 2997 
merged to create the habitat distribution maps.  2998 
 2999 
 3000 

Coho Salmon 3001 
 3002 
Coho salmon use 1,760 km of streams and rivers distributed throughout the assessment area and 3003 

are ESA-listed as threatened (tables 4.3, 4.4; fig. 4.7) (Ford et al. 2011). Populations are part of 3004 
two evolutionarily significant units (ESUs) that are geographically split along the watershed 3005 

divide separating the Umpqua and Rogue River basins (Weitkamp et al. 1995). The Oregon 3006 
Coast ESU lies to the north of the divide, and the Southern Oregon and Northern California 3007 
Coast ESU is to the south. Ocean productivity cycles strongly affect growth and survival of coho 3008 
salmon and the number of adults that annually return to spawn, as is the case for all the 3009 
anadromous species considered here (Beamish and Mahnken 2001, Hare et al. 1999). Coho 3010 

adults leave the ocean after 1–3 years and migrate upstream from October through January, with 3011 
variation in timing occurring among populations and individuals within populations. Migration 3012 
distances to spawning areas are short and can be completed in a few days or weeks.  3013 
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 Coho salmon usually spawn within one or two weeks of reaching the spawning grounds 3014 

(Willis 1954). Spawning streams consist of small, unconfined, low gradient tributaries to larger 3015 
rivers (Burnett et al. 2007) and females deposit eggs in redds that are excavated from the 3016 
substrate before dying. The eggs hatch after 6–7 weeks from late winter to early spring and 3017 
alevins remain in the substrate for another 6–7 weeks while the yolk sac is absorbed. After 3018 
emerging from redd substrates, young coho salmon spend 1–2 years growing in their natal 3019 
streams and exhibit a general preference for pools, alcoves, and beaver ponds rather than habitats 3020 
with higher flow velocities like glides and riffles (Gonzalez et al. 2017, Nickelson et al. 1992). 3021 
Once juvenile fish reach lengths of 100–150 mm, they transform into smolts and migrate to the 3022 
ocean from late March through June.  3023 
 The sensitivity of coho salmon to climate change depends on the portion of the life cycle 3024 
considered (Wainwright and Weitkamp 2013). Low sensitivities are expected during the 3025 
freshwater migrations of adults and smolts because these movements occur during months with 3026 

relatively cool temperatures and high flows. However, resident juvenile life stages are likely to 3027 
be adversely affected by continuation of long-term summer flow declines and temperature 3028 
increases. Declines in average summer flows of 20–30 percent, if realized later this century, 3029 
would equate to losing a similar amount of habitat and reduce potential population sizes by 3030 
intensifying competition for food and space. Moreover, as mean summer flows decrease, the 3031 
probability of extreme low flow years and drought increases (Luce and Holden 2009), as was the 3032 
case in 2015 when record low flows and warm temperatures occurred along much of the Oregon, 3033 
Washington, and California coasts, prompting broad concerns about fish mortality and 3034 
unprecedented closures of freshwater fishing seasons throughout the region (ODFW 2015).  3035 

 Because of the low elevations at which most coho salmon streams occur (fig. 4.7), 3036 
warming trends may be higher than average trends throughout the SWOAP assessment area. 3037 
Warming trends during the summer may create chronic stresses for juvenile coho salmon in 3038 

stream reaches that occur near the species’ maximum thermal tolerances and could force gradual 3039 
upstream distribution shifts and range contractions. Temperature increases, by accelerating 3040 
growth or egg incubation rates, also have the potential to desynchronize the developmental 3041 
phenology of juveniles from the temporal availability of subsequent habitats (Holtby 1988, 3042 
Wainwright and Weitkamp 2013). 3043 
 Increased channel disturbance may negatively affect coho salmon populations during 3044 
incubation and rearing life stages. If climate change-enhanced variability of ocean cycles (Bond 3045 
et al. 2015, Di Lorenzo and Mantua 2016) results in higher or more intense precipitation, larger 3046 

peak flows could scour redds or cause mortality of newly emerged and weakly swimming 3047 
alevins. Locations where scour could occur, however, are strongly context dependent at local and 3048 
network scales (Goode et al. 2013, McKean and Tonina 2013, Shellberg et al. 2010), with 3049 
steeper channels in confined valleys where structural habitat complexity is low showing higher 3050 
probabilities of disturbance (Sloat et al. 2017). If wildfires become more common, juvenile life 3051 

stages could also be negatively affected in the short term by fine-sediment deposition and debris 3052 
flows into the channel network. Over the longer term, however, those events could have 3053 

beneficial effects by adding spawning gravels and large woody debris that may increase habitat 3054 
diversity (Bisson et al. 2003, Dunham et al. 2003). 3055 
 Although coho salmon populations may not be acutely vulnerable at any one life stage to 3056 
the effects of climate change, the pervasive nature of climate change means that cumulative 3057 
effects accrue over the course of the full life cycle and may lead to negative synergies (Crozier et 3058 
al. 2008, Wainwright and Weitkamp 2013). For example, exacerbation of multiyear or decadal 3059 
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cycles of poor ocean conditions could depress numbers of returning adults, which then reproduce 3060 

poorly in freshwater habitats subject to extreme drought, warm temperatures, and channel 3061 
disturbances. Coho salmon populations, like those of most anadromous fishes, are buffered by 3062 
density-dependent responses, diverse life histories, and multiple age classes (i.e., the portfolio 3063 
effect) (Schindler et al. 2010) that provide considerable resilience and enable the species to adapt 3064 
to changing environmental conditions (Bennett et al. 2015, Jones et al. 2014). However, more 3065 
extreme environmental conditions, if synchronized over larger spatial scales and longer time 3066 
periods, may begin to pose novel challenges that exceed the species’ innate adaptive capacity.  3067 
 3068 

 3069 

Chinook Salmon (Spring and Fall Runs) 3070 
 3071 
Chinook salmon populations within the SWOAP assessment area belong to the same ESU 3072 

groupings as coho salmon, which are the Oregon Coast ESU and the Southern Oregon-Northern 3073 
California Coast ESU. These Chinook salmon populations consist of two variants, a spring run of 3074 
fish that migrates upriver from May through July, and a fall run of fish that migrates later in the 3075 
year from September through December. Both variants are large bodied (10–20 kg), use habitats 3076 
associated with larger streams and rivers in the analysis area (approximately 3150 km), and 3077 
support important regional fisheries (tables 4.5, 4.6; figs. 4.8, 4.9) (Ford et al. 2011).  3078 

Although the spring-run fish migrate earlier in the year, they use spawning areas farther 3079 
upstream and often hold in deep pools near spawning sites for extended periods prior to initiating 3080 
redd construction in August and September (Ratner et al. 1997). Fall Chinook salmon spawn 3081 
lower in most rivers and shortly after reaching the spawning grounds (Healey 1991). Eggs 3082 
incubate over winter, juvenile fish rear for several months, and then most smolt emigrate to the 3083 
ocean from May to July of their first year. Juveniles of both spring and fall runs exhibit this 3084 

“ocean type” behavior in the SWOAP assessment area, which is rare for spring Chinook salmon 3085 
that usually rear for more than one year in other portions of the species range (Roper and 3086 
Scarnecchia 1999). Smolts outmigrating in the Umpqua River are preyed upon by a large 3087 
population of nonnative smallmouth bass (Simon and Markle 1999), which probably becomes a 3088 
larger source of mortality during later parts of each year’s migration as river temperatures warm 3089 
and bass become more active (Rieman et al. 1991, Shultz et al. 2017). Once in the ocean, 3090 
Chinook salmon range widely and grow for 1–4 years before returning to their natal rivers to 3091 
spawn (Healey 1991). In some years, prespawn mortality of wild fall Chinook salmon has been 3092 

documented and linked to outbreaks of the bacterial pathogen, Edwardsiella tarda (Amandi et al. 3093 
1982, Ewing et al. 1965).  3094 
 The potential vulnerabilities of Chinook salmon to climate change are similar to those of 3095 
coho salmon. Chinook salmon habitats consist of large, relatively low-elevation streams and 3096 
rivers, which are not expected to show dramatic hydrologic changes other than decreasing 3097 

summer flows (tables 4.5, 4.6; figs. 4.5, 4.6). Also, changes in ocean conditions will exert broad 3098 
effects across all populations on growth, survival, and numbers of returning adults (Beamish and 3099 

Mahnken 2001, Hare et al. 1999). However, spring-run Chinook salmon adults migrate upriver 3100 
during warm summer months and often experience thermally stressful conditions, which may 3101 
alter migration timing or stop migrations temporarily during peak temperatures when fish are 3102 
forced to seek cold microrefugia (Keefer et al. 2009, Torgersen et al. 1999). Because spring-run 3103 
fish stage for long periods prior to spawning, thermal stress may accumulate and could adversely 3104 
affect the viability of eggs or increase prespawn mortality rates in adults (Bowerman et al. 2016).  3105 
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 During especially warm summers in the 1990s, it was noted that spring Chinook salmon 3106 

returning to the South Umpqua River experienced short-term peak temperatures near lethal limits 3107 
of 26 °C (Ratner et al. 1997). The summer temperature scenario in figure 4.8 shows that the 3108 
South Fork Umpqua River and mainstem Umpqua River currently have the warmest 3109 
temperatures within the SWOAP assessment area, with many reaches averaging 20–23 °C. 3110 
Future projections suggest those reaches will warm by another 1–3 °C this century. Coupled with 3111 
enhanced predation by smallmouth bass and potential for increased disease outbreaks in warmer 3112 
waters (Kovenen et al. 2010, Marcogliese 2008), higher stream temperatures could threaten the 3113 
persistence of the South Fork Umpqua River populations. Elsewhere in the assessment area, 3114 
summer temperatures are less of a concern during adult migrations. The North Fork Umpqua 3115 
River has cooler temperatures than the South Fork, as do rivers in much of the Rogue River 3116 
system where cold-water releases from dams reduce thermal maxima.  3117 
 Risks to Chinook salmon redds and incubating eggs from channel scour may be relatively 3118 

low because this species usually spawns in larger rivers where valleys are less confined, and 3119 
peak flow energy is dissipated across floodplains (McKean and Tonina 2013, Sloat et al. 2017). 3120 
Vulnerability of juvenile life stages is also expected to be low because little time is spent in 3121 
freshwater prior to ocean outmigration.  3122 

 3123 
 3124 

Steelhead (Summer and Winter Runs) 3125 
 3126 
Steelhead is the anadromous form of rainbow trout, and populations within the SWOAP 3127 
assessment area are considered to be part of the Oregon Coast distinct population segment and a 3128 
species of concern by the National Marine Fisheries Service but are not ESA listed (Ford et al. 3129 
2011, Wainwright et al. 1996). Populations consist of two variants—summer-run steelhead that 3130 

migrate into freshwaters from May to October and use approximately 2,500 km of streams and 3131 
rivers (table 4.7; fig. 4.10), and winter-run fish that migrate from November to March and are 3132 
more extensively distributed throughout 6,700 km of streams (table 4.8; fig. 4.11). Spawning 3133 
occurs from January through March (Quinn 2005), so early migrating summer steelhead adults 3134 
from the previous year reside in deep pools for extended periods while waiting to spawn (Baigun 3135 
2003). Females usually excavate redds in steeper streams with more confined valleys than those 3136 
used by salmon (Burnett et al. 2007, Reeves et al. 1998). After hatching, the juveniles rear for 1–3137 
3 years near the natal areas before smolting and migrating to the ocean during spring and 3138 

summer. Most steelhead use the ocean for 2–3 years before again returning to freshwater for 3139 
spawning (Quinn 2005). An exception to those life history strategies are the “half-pounder” 3140 
steelhead that return to freshwater after only 2–4 months at sea, overwinter in freshwater, and 3141 
then return to the ocean the following spring (Kesner and Barnhart 1972). Also different from 3142 
other steelhead life history forms, these fish actively feed while in freshwater and rarely spawn 3143 

(Kesner and Barnhart 1972). This amphidromous migration is relatively rare throughout the 3144 
range of steelhead but common within several river basins in northern California and southern 3145 

Oregon (Hodges et al. 2014). 3146 
 Steelhead populations within the SWOAP assessment area are broadly distributed, 3147 
considered to be stable, and support robust fisheries within both the smaller coastal rivers and 3148 
larger systems like the Umpqua and Rogue Rivers (Wainwright et al. 1996). Both hatchery and 3149 
wild fish are well represented in these fisheries. Juvenile steelhead also occur broadly throughout 3150 
the analysis area and occur in most stream segments where upstream migration is not blocked 3151 
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(Dose and Roper 1994). Nonetheless, steelhead may be vulnerable to climate change during 3152 

several portions of their life cycle.  3153 
Summer-run adults may encounter thermally stressful temperatures during upstream 3154 

migrations, which may force them to seek cold microrefugia and delay migrations (Keefer et al. 3155 
2009). Access to upstream spawning areas could be limited by ongoing declines in summer 3156 
flows if passage barriers occur at road culverts or intermittent flows occur in some reaches. 3157 
Because summer steelhead hold for extended periods in tributaries prior to spawning, flow 3158 
declines and increasing temperatures place additional stresses on these fish that could increase 3159 
pre-spawn mortality rates or adversely affect their spawning ability and the viability of eggs and 3160 
embryos. Juveniles of both winter and summer run fish rear for one or more years in relatively 3161 
steep channels where they may be vulnerable to more frequent or larger disturbances associated 3162 
with wildfires and debris flows or floods and scour (Goode et al. 2012, Sloat et al. 2017). 3163 
Juveniles outmigrating through the Umpqua River during the spring and summer are preyed 3164 

upon by smallmouth bass. Interactions among climate stressors, acting on multiple life stages, 3165 
could create negative synergies that amplify effects beyond individual life stages (Crozier et al. 3166 
2008). 3167 
 3168 

 3169 

Coastal Cutthroat Trout 3170 
 3171 
Coastal cutthroat trout use approximately 4,360 km of streams and rivers throughout the 3172 
SWOAP assessment area (table 4.9; fig. 4.12). These cutthroat populations are parts of the 3173 
Oregon Coast ESU and Southern Oregon-Northern California Coasts ESU but are not ESA listed 3174 
(Johnson et al. 1999). This species exhibits considerable life history diversity, possessing 3175 
anadromous, potamodromous, fluvial, adfluvial, and headwater resident forms (Trotter 1989, 3176 

Trotter et al. 2018). Populations of the sea-going forms have decreased considerably in recent 3177 
decades, whereas populations of the other forms appear relatively stable and widely distributed 3178 
(Johnson et al. 1999), often constituting the most abundant salmonid populations in the coldest 3179 
headwater streams (Guy et al. 2008). 3180 

Coastal cutthroat trout spawn in small tributaries from late winter through spring, with 3181 
peak activity usually in February. Eggs hatch six to seven weeks after spawning, and juveniles 3182 
emerge as fry between March and June, with peak emergence in mid-April (Sumner 1972). 3183 
Juveniles rear in streams for at least two years before either becoming sexually mature 3184 

(freshwater forms) or smolting and migrating to the ocean during the spring and early summer 3185 
months (Northcote 1997). Unlike steelhead and Pacific salmon, however, anadromous coastal 3186 
cutthroat trout do not make lengthy ocean migrations and usually remain in or near estuarine 3187 
waters within 10–15 km of the mouths of natal streams (Northcote 1997, Sumner 1972).  3188 

The diversity of life histories expressed by coastal cutthroat trout means that all of the 3189 

climate vulnerabilities previously discussed for salmon and steelhead are relevant to one or more 3190 
cutthroat trout forms. However, cutthroat trout have a thermal niche that is colder than most 3191 

other species and may be more sensitive to temperature increases throughout many of the low-3192 
elevation streams within the SWOAP assessment area, especially during adult upriver migrations 3193 
or at thermally mediated boundaries of juvenile distributions (Isaak et al. 2017c). That sensitivity 3194 
is offset to some degree in headwater populations where temperature increases are projected to 3195 
be smaller than in lowland streams (fig. 4.2). In these same steep headwater habitats, local 3196 
populations may be more susceptible to future wildfires and associated debris flows (Goode et al. 3197 
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2012, Sedell et al. 2015), as well as large summer flow reductions (fig. 4.6). Resident 3198 

populations of coastal cutthroat trout can persist in very small stream networks (e.g., 2–10 km) 3199 
for extended periods of time (i.e., hundreds to thousands of years) (Peterson et al. 2013a, 3200 
Whiteley et al. 2010), so identifying streams where disturbances are likely to be rare and flows 3201 
sufficiently high could reveal long-term climate refugia (Isaak et al. 2015). Anadromous and 3202 
potamodromous forms of coastal cutthroat trout are affected by ocean productivity cycles, but 3203 
their more restricted use of environments near natal streams and estuaries compared to salmon 3204 
and steelhead may result in different responses to the long-term effects of climate change on the 3205 
ocean (Di Lorenzo and Mantua 2016).  3206 

 3207 
 3208 

Pacific Lamprey 3209 
 3210 
Pacific lamprey populations in the SWOAP assessment area use 1,644 km of streams and rivers 3211 
for migration, spawning, and juvenile rearing (table 4.10; fig. 4.13). Adult lamprey spend 1–3 3212 
years in the ocean, reach lengths of 80 cm, and return to freshwater during the spring before 3213 
beginning their upstream migration in the summer. The adults reside in freshwater until the 3214 
following spring when they become sexually mature, excavate redds in small gravel substrates, 3215 
spawn, and die (Clemens et al. 2013). Spawning usually occurs in habitats similar to those used 3216 
Pacific salmon and in reaches with low gradients (less than 2 percent slope) and temperatures of 3217 

14–19 °C in the summer. After hatching, the juveniles begin a lengthy larval phase that lasts 3–7 3218 

years during which time they live in burrows in soft substrates (Clemens et al. 2013, Dawson et 3219 
al. 2015). The larvae eventually undergo metamorphosis, take on the adult body morphology, 3220 
and migrate seaward during high flows in winter and spring months (Dawson et al. 2015, 3221 
Goodman et al. 2015). Adults have a jawless, sucker-like mouth and are parasitic on other fish 3222 

during their oceanic phase. Conditions in the marine environment exert a strong influence on 3223 
Pacific lamprey abundance (Murauskas et al. 2013, Wade and Beamish 2016), although 3224 
information about their marine ecology is relatively limited (Clemens et al. 2010, Wang and 3225 
Schaller 2015). 3226 

Trend monitoring datasets for Pacific lamprey, usually from dam passage counts, suggest 3227 
broad regional declines have occurred in recent decades (Clemens et al. 2017). Most data, 3228 
however, are from large inland dams with fish-counting facilities associated with fish ladders. 3229 
Trend information specific to the SWOAP assessment area is lacking, and the lack of 3230 
information is exacerbated at times by low detection when sampling rearing environments where 3231 

juveniles reside in the substrate (Dawson et al. 2015, Dunham et al. 2013). An eDNA marker for 3232 
Pacific lamprey has recently been developed (Carim et al. 2017) and is being used for more 3233 
precise distributional assessments, but these are in early stages.  3234 

Several aspects of Pacific lamprey ecology make them vulnerable to climate change. 3235 

Temperatures greater than 20 °C are physiologically stressful (Clemens et al. 2016), so juveniles 3236 
in rearing areas and adults migrating upstream through already warm rivers will experience 3237 
increasing thermal stress as temperatures rise in the future. Adult lamprey are relatively weak 3238 

swimmers, so dams, road culverts, and other fish passage obstacles that are navigable by 3239 
salmonids may act as barriers (Chelgren and Dunham 2015, Keefer et al. 2013, Moser et al. 3240 

2015), and passage issues could be exacerbated by ongoing declines in summer flows. The long 3241 
residence time of the relatively immobile juveniles in stream substrates also creates risks from 3242 
increased peak flows and scour, or wildfires that trigger debris flow disturbances and yield large 3243 



 

112 
 

inputs of fine sediments that smother burrows (Goode et al. 2012, 2013). Lamprey juveniles can 3244 

be preyed upon by smallmouth bass (Schultz et al. 2017), which become more active predators in 3245 
warmer temperatures (Rieman et al. 1991). Finally, if climate change is affecting ocean 3246 
conditions in ways that lead to long-term declines in salmon, steelhead, and other species that 3247 
provide Pacific lamprey with hosts, it could lead to concomitant population declines. 3248 
 3249 
 3250 

Umpqua Chub  3251 
 3252 
The Umpqua chub is a small bodied minnow species endemic to the Umpqua River basin and is 3253 
considered a “sensitive–critical species” by ODFW. The species occupies habitats that include 3254 
sluggish backwaters of sloughs and sand- and gravel-bottomed runs and pools of small streams 3255 
and rivers (Markle et al. 1991). Like most minnow species, Umpqua chub have a warm thermal 3256 

niche and may be locally abundant, but its restricted geographic range heighten risks for the 3257 
species (Angermeier 1995, Mims et al. 2018). Within the SWOAP assessment area, potential 3258 
habitats consist of approximately 140 stream km in Cow Creek and the South Fork of the 3259 
Umpqua River (table 4.11; fig. 4.14). Predation by smallmouth bass has reduced or eliminated 3260 
chub populations in much of the Umpqua River such that remaining chub populations persist in 3261 
isolated enclaves upstream of the bass invasion front (O’Malley et al. 2013, Simon and Markle 3262 
1999).  3263 

Smallmouth bass have expanded more than 150 km upstream since their inadvertent 3264 
introduction to the lower Umpqua River in 1964 (Simon and Markle 1999). That expansion, 3265 
however, occurred through relatively warm riverine environments where mean summer 3266 
temperatures exceed 20 °C and suit the smallmouth bass thermal niche (Zweifel et al. 1999). 3267 
Climatic restrictions where summer temperatures are cooler than 17–19 °C appear to limit 3268 

smallmouth bass reproduction and population establishment (Lawrence et al. 2012, Rubenson 3269 
and Olden 2019), which will slow the upstream invasion at some point along the network. It may 3270 
be possible, therefore, for Umpqua chub populations to persist in the cooler locations upstream 3271 
of the bass invasion front, but chub populations may also be limited by the same climatic or 3272 
habitat factors that constrain bass populations.  3273 

More information is needed about the chub’s thermal niche, reproductive ecology, and 3274 
rates at which smallmouth bass are currently expanding upstream before predictions can be made 3275 
about the likelihood of Umpqua chub persistence with climate change. Given the rate at which 3276 

Umpqua chub populations appear to have declined in recent decades, although a detailed 3277 
monitoring program is needed to track the status of these populations. Active management 3278 
interventions that involve assisted migration or predator removal may be considered to bolster 3279 
population resilience and maintain future options.  3280 
 3281 

 3282 

Species Adaptive Capacity 3283 
 3284 
Niche conservatism suggests there is little capacity for rapid evolutionary or physiological 3285 
adaptations to warmer water temperatures or desiccation within the aquatic species considered 3286 
here (McCullough et al. 2009, Wiens et al. 2010). However, trout and salmon species are 3287 
noteworthy for their phenotypic plasticity, vagility, and resilience (Northcote 1992, Quinn 2005), 3288 
evidence of which is provided by their continued persistence in many SWOAP assessment area 3289 
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basins and streams. Where barriers do not impede movements, many species may adapt by 3290 

shifting their distributions in space or time to track suitable habitats or to recolonize previously 3291 
disturbed habitats from nearby refugia if a diversity of landscape conditions exists (Reeves et al. 3292 
1995, Sedell et al. 1990). Many of the species considered here also have diverse life histories, 3293 
which may change based on how climate change affects metabolic rates, water temperature, 3294 
stream productivity, and connectivity. Development of disease resistance or adaptive responses 3295 
associated with phenology may also bolster population resilience in ways that allow species to 3296 
persist in dynamic environments subject to long-term climate trends (Crozier et al. 2008, Knapp 3297 
et al. 2016, Kovach et al. 2012).  3298 

Widespread losses of populations or species declines attributable to climate change have 3299 
not yet been documented despite the prevalence of relatively rapid climate trends in the Pacific 3300 
Northwest (Arismendi et al. 2013, Isaak et al. 2018, Luce et al. 2013, Luce and Holden 2009). 3301 
Recently improved freshwater habitat conditions in southwest Oregon streams (Lanigan et al. 3302 

2012) may be playing a role in ameliorating potentially negative climate effects. It may also be 3303 
that negative bioclimatic effects are occurring but have been masked by cycles in ocean 3304 
conditions and variability in regional abundance of many anadromous species (Kilduff et al. 3305 
2015), or that existing monitoring programs and available datasets are inadequate for detecting 3306 
subtle biological responses related to climate change (Crozier et al. 2011, Eby et al. 2014). As 3307 
thermal and hydrologic changes attributable to climate change continue to increase later this 3308 
century, however, biological responses may become more apparent. 3309 

 3310 
 3311 

Adapting Fisheries and Fish Habitat Management to Climate Change in 3312 

Southwest Oregon 3313 

 3314 

Exploring and applying an array of conservation strategies will be important for addressing 3315 
climate change effects on aquatic environments within the SWOAP assessment area. Where 3316 
habitat conditions are currently productive, maintaining those conditions and avoiding significant 3317 
new impairments may be all that is necessary to ensure the persistence of native fish populations. 3318 
Where habitats are degraded, however, strategic investments that involve restoring habitat, 3319 
manipulating fish populations, or both, will be useful to enhance population resilience. Many 3320 
habitats are situated in landscapes that have multiple resource values and administrative 3321 

agencies, so balancing competing interests and management goals will be important (Reeves et 3322 
al. 2018, Roper et al. 2018).  3323 

Land and fisheries managers have at their disposal a variety of actions to adapt to climate 3324 
change and improve the resilience of aquatic species in southwest Oregon. These actions have 3325 
been summarized in a number of reviews (Beechie et al. 2013, ISAB 2007, Luce et al. 2012, 3326 

Rieman and Isaak 2010) and previous adaptation partnership efforts throughout the USFS Pacific 3327 
Northwest Region and the western U.S. (Isaak et al. 2017a, Young et al. 2018b; Climate Change 3328 

Adaptation Library [http://adaptationpartners.org/library.php]). Participants in the SWOAP 3329 
workshop fisheries group identified several actions that were particularly relevant to local 3330 
conditions (table 4.12), which can be categorized as follows: 1) maintain and diversify 3331 
monitoring programs, 2) strategically prioritize and restore natural regimes of flow, sediment, 3332 
wood, and temperature, 3) manage fluvial connectivity, and 4) remove or suppress nonnative 3333 
species. 3334 
 3335 
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 3336 

Maintain and Diversify Monitoring Programs 3337 
 3338 
The AREMP monitoring in southwest Oregon provides information about the status and trends 3339 
of stream conditions and traditional fish habitat metrics. However, more annual monitoring data 3340 
are needed for streamflow and temperature across a range of stream sizes (Isaak et al. 2018, 3341 
Kovach et al. 2019) (table 4.12), which may be obtained using inexpensive, reliable temperature 3342 
and flow sensors (Dunham et al. 2005, Stamp et al. 2014). The fish species distribution maps 3343 
used in this assessment were relatively coarse because they were compiled from agencies that 3344 
relied on different data standards and levels of expert opinion, which sometimes created 3345 
compatibility issues. Therefore, a biological inventory and monitoring program (hundreds to 3346 
thousands of sample locations) would contribute to more precise distribution models and maps, 3347 
provide status and trend assessments, and improve understanding of biological responses to 3348 

climate change, natural variation, and land management.  3349 

 Costs associated with biological monitoring have decreased dramatically in recent years 3350 
with the advent of reliable environmental DNA techniques accompanied by field-tested protocols 3351 
for aquatic organisms (Carim et al. 2016, McKelvey et al. 2016). Dozens of sites can be sampled 3352 
by a single person during the course of a day and each eDNA sample contains the DNA of 3353 
multiple species upstream of the site, which makes geographically and taxonomically broad 3354 
inventories possible. Once biological baselines are established, future trend assessments will be 3355 
more powerful and easily conducted by resampling subsets of the original baseline sites. 3356 
Moreover, thousands of eDNA samples are now being collected annually across the western 3357 
United States by many agencies (Young et al. 2018a) through partnerships with the National 3358 
Genomics Center for Wildlife and Fish Conservation (http://www.fs.fed.us/research/genomics-3359 
center). Results from those samples are publically accessible through the eDNAtlas website 3360 

(https://www.fs.fed.us/rm/boise/AWAE/projects/aquatic-eDNAtlas.html) to make data sharing 3361 
and interagency collaborations more feasible. 3362 
 3363 
 3364 

Strategically Prioritize Restoration of Natural Thermal, Hydrologic, and Wood Regimes 3365 
 3366 
The resilience of native fish species to climate change can be enhanced using a variety of 3367 
techniques that help restore hydrologic function and landscape conditions associated with high-3368 
qualit fish habitat (Beechie et al. 2013, Williams et al. 2015) (table 4.12). Future stream 3369 

temperature increases are likely to be particularly stressful to cold-water fishes, so prioritizing 3370 
enhancement of riparian areas in some places to maximize shade and decrease direct solar 3371 

radiation will be important (Justice et al. 2017, Wondzell et al. 2019). In smaller streams and 3372 
rivers where riparian conditions are significantly degraded, fully functional riparian vegetation 3373 

communities could offset most future stream temperature increases (Johnson and Wilby 2015, 3374 
Nusslé et al. 2015), although the effectiveness of this tactic decreases in larger rivers (Cristea and 3375 
Burges 2010). More shade could be achieved by decommissioning or relocating roads away from 3376 
streams (Al-Chokhachy et al. 2016). Reducing grazing or excluding livestock can promote 3377 
stronger banks and root masses that help narrow unnaturally wide channels over time (Dose and 3378 

Roper 1994, Naiman et al. 2010).  3379 
As riparian areas recover, they will provide large woody debris that help diversify 3380 

channel habitats and increase channel roughness. This could force more instream water exchange 3381 
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with cooler hyporheic flows and create microrefugia (Arrigoni et al. 2008). To facilitate this 3382 

process, engineered log jams can be used to create deep, complex pools (Nichols and Ketcheson 3383 
2013). Enhancements of habitat and thermal diversity might also be achieved by reconnecting 3384 
rivers to floodplains (Beechie et al. 2013) or restoring populations of American beaver (Castor 3385 
canadensis Kuhl) (Bouwes et al. 2016, Pollock et al. 2014). Minimizing flow diversions, 3386 
especially during the thermally stressful summer period, can have a cooling effect (Elmore et al. 3387 
2015) while simultaneously increasing habitat volume (Null et al. 2017). In most instances, 3388 
opportunities to pursue these restoration tactics will outstrip available resources, so strategic 3389 
prioritization will be important to ensure work is done in the most important places (Peterson et 3390 
al. 2013b). 3391 
 3392 
 3393 

Manage Connectivity 3394 
 3395 
Obstacles to fish migrations may be removed in hopes of enhancing the success of migratory life 3396 
history forms (table 4.12), allowing fish species to track shifting habitats, and permitting native 3397 
species to reoccupy former habitat or supplement existing populations (Chelgren and Dunham 3398 
2015, Quinn et al. 2017). In some instances, accessible waters may also be invaded by nonnative 3399 
species, so context-specific assessments are needed (Fausch et al. 2009). Conversely, barriers 3400 
may be installed to prevent invasions by nonnative species (Rahel 2013). Native populations 3401 
above barriers may be secure if they can adopt resident life histories, but could be susceptible to 3402 
catastrophic events in small habitats, requiring human intervention for refounding or 3403 
supplementation.  3404 

Another form of managing connectivity, often referred to as assisted migration (or 3405 
managed relocation), involves moving species from one location to another in efforts to found 3406 

new populations. Assisted migration might be useful in southwest Oregon for resident species or 3407 
life histories like Umpqua chub or coastal cutthroat trout if streams and suitable habitats of 3408 
sufficient size, upstream of barriers such as waterfalls, can be identified. Those areas could serve 3409 
as refugia from expanding smallmouth bass populations in the case of chubs, or constitute high-3410 
quality climate refugia for cutthroat where temperatures are projected to remain sufficiently cool 3411 
(Isaak et al. 2015). Moving native fish to such areas is feasible but may be controversial if it 3412 
places other native taxa at risk due to novel predation or competition pressures (Pilliod et al. 3413 
2010). Reintroductions of native species to previously occupied habitats (Dunham et al. 2011, 3414 

2016) may also be performed when natural refounding is not an option (i.e., if populations in an 3415 
area are isolated and periodically fail or suffer population bottlenecks). Management at this level 3416 
will require an understanding of genetic principles and broodstock establishment to be successful 3417 
in the long run. 3418 

 3419 

 3420 

Detection and Removal of Nonnative Species 3421 
 3422 
Removal or suppression of nonnative species may also be important for maintaining or restoring 3423 
some populations (Buktenica et al. 2018) (table 4.12). These efforts are done through chemical 3424 
treatments or by physical capture and removal, but are feasible only in smaller habitats (Shepard 3425 
et al. 2002). Both chemical and physical treatments are costly, in part because they need to be 3426 
conducted on multiple occasions to be effective (Buktenica et al. 2013, Peterson et al. 2008). The 3427 
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former is controversial because of effects on water quality and non-target species. These methods 3428 

are successful only if the source of nonnative species is removed, often by installation of a 3429 
migration barrier. Unauthorized introductions are also common, and can undermine conservation 3430 
efforts. Finally, control measures to manage the abundance of nonnative species rather than 3431 
remove them have been applied in some areas (e.g., the removal of lake trout to promote bull 3432 
trout persistence, or electrofishing to depress brook trout and favor cutthroat trout). Such 3433 
activities are likely to be successful only if conducted at regular intervals for the foreseeable 3434 
future (Peterson et al. 2008), which assumes funding and enthusiasm for such ventures will be 3435 
available indefinitely. 3436 

Responding to the environmental trends associated with climate change will require a 3437 
diverse portfolio comprised of many of the actions described above. Equally important will be 3438 
adapting our mindsets—and our administrative processes—to a new paradigm of dynamic 3439 
disequilibrium for the 21st century. Under this paradigm, stream habitats will become more 3440 

variable, undergo gradual shifts through time, and sometimes decline. Many populations are 3441 
resilient enough to persist in, or track, suitable habitats, but others could be overwhelmed by 3442 
future changes. It is unlikely that we will be able to preserve all populations of aquatic species as 3443 
they currently exist. But as better information continues to be developed in the future, managers 3444 
will have more tools at their disposal to know when and where resource commitments are best 3445 
made to enhance the resilience of existing populations or to benefit other species for which 3446 
management was previously not a priority.  3447 
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 4019 

 4020 

 4021 

 4022 

Figure 4.1—Stream network in the Southwest Oregon Adaptation Partnership assessment area. 4023 

Two of the large dams that affect downstream temperature regimes are shown with black boxes.  4024 
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 4025 
Figure 4.2—Scenarios depicting mean August stream temperatures across the 13,000 km of 4026 
streams in the assessment area during a baseline period (A: 2000s) and late 21st century (B: 4027 

2080s). Panels C and D show future temperature increases relative to the baseline period (future 4028 
increases are summarized in appendix 4.A by 6th code hydrologic unit code boundaries that are 4029 

shown as small black polygons). The Rogue and Applegate rivers are projected to show minor 4030 
temperature increases because of dams that release cold water from deep reservoirs during warm 4031 
summer months. High-resolution images of these maps and ArcGIS shapefiles with reach-scale 4032 
predictions are available at the NorWeST website 4033 
(http://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html).  4034 
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 4035 
Figure 4.3—Trends in monthly mean air temperatures and river temperatures (a) and discharge 4036 
(b) at long-term monitoring sites in the Southwest Oregon Adaptation Partnership assessment 4037 
area for the 40-year period of 1976–2015. Note the differences in summer trends between 4038 
regulated and unregulated river sites.  4039 
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 4040 
Figure 4.4—Decadal river temperature trends estimated from long-term monitoring records in 4041 

the Southwest Oregon Adaptation Partnership area for the 40-year period of 1976–2015. Cooling 4042 
trends in the Rogue River and Applegate River during summer months are due to releases of cold 4043 
water from deep reservoirs. Trend estimates are a subset of those reported for a regional river 4044 

temperature trend analysis in Isaak et al. (2018).   4045 
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 4046 

Figure 4.5—Scenarios depicting the number of days with high flows during the winter across the 4047 
13,000 km of streams in the assessment area during a baseline period (A: 2000s) and late 21st 4048 

century period (B: 2080s). Panels C and D show future flow changes relative to the baseline 4049 
period (future increases are summarized in appendix 4.A by 6th code hydrologic unit code 4050 
boundaries that are shown as small black polygons). ArcGIS shapefiles with reach-scale 4051 
projections of this flow information are available at the Western U.S. Stream Flow Metrics 4052 

website (https://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml).  4053 
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 4054 

Figure 4.6—Scenarios depicting mean summer flows across the 13,000 km of streams in the 4055 

analysis area during a baseline period (A: 2000s) and late 21st century period (B: 2080s). Panels 4056 
C and D show future flow changes as percentages relative to the baseline period (future increases 4057 
are summarized in appendix 4.A by 6th code hydrologic unit code boundaries that are shown as 4058 
small black polygons). ArcGIS shapefiles with reach-scale projectons of this flow information 4059 
are available at the Western U.S. Stream Flow Metrics website 4060 

(https://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml).  4061 



 

135 
 

 4062 
Figure 4.7—Summer stream temperatures in coho salmon habitats during the historical baseline 4063 
period of the 2000s (panel A) and a future projection for the 2080s (panel B) based on NorWeST 4064 
scenarios and the A1B emissions trajectory. Future temperature projections in the Rogue River 4065 
and Applegate River were maintained at historical temperatures to reflect water management 4066 
practices.  4067 
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 4068 
Figure 4.8—Summer stream temperatures in spring Chinook salmon habitats during the 4069 
historical baseline period of the 2000s (panel a) and a future projection for the 2080s (panel b) 4070 
based on NorWeST scenarios and the A1B emissions trajectory. Future temperature projections 4071 
in the Rogue River and Applegate River were maintained at historical temperatures to reflect 4072 
water management practices.  4073 



 

137 
 

 4074 
Figure 4.9—Summer stream temperatures in fall Chinook salmon habitats during the historical 4075 
baseline period of the 2000s (panel a) and a future projection for the 2080s (panel b) based on 4076 
NorWeST scenarios and the A1B emissions trajectory. Future temperature projections in the 4077 
Rogue River and Applegate River were maintained at historical temperatures to reflect water 4078 
management practices.  4079 
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 4080 
Figure 4.10—Summer stream temperatures in summer steelhead habitats during the historical 4081 

baseline period of the 2000s (panel a) and a future projection for the 2080s (panel b) based on 4082 
NorWeST scenarios and the A1B emissions trajectory. Future temperature projections in the 4083 
Rogue River and Applegate River were maintained at historical temperatures to reflect water 4084 
management practices.  4085 
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 4086 
Figure 4.11—Summer stream temperatures in winter steelhead habitats during the historical 4087 

baseline period of the 2000s (panel a) and a future projection for the 2080s (panel b) based on 4088 
NorWeST scenarios and the A1B emissions trajectory. Future temperature projections in the 4089 
Rogue River and Applegate River were maintained at historical temperatures to reflect water 4090 
management practices.  4091 
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 4092 
Figure 4.12—Summer stream temperatures in coastal cutthroat trout habitats during the historical 4093 

baseline period of the 2000s (panel a) and a future projection for the 2080s (panel b) based on 4094 
NorWeST scenarios and the A1B emissions trajectory. Future temperature projections in the 4095 
Rogue River and Applegate River were maintained at historical temperatures to reflect water 4096 
management practices.  4097 
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 4098 
Figure 4.13—Summer stream temperatures in Pacific lamprey habitats during the historical 4099 

baseline period of the 2000s (panel a) and a future projection for the 2080s (panel b) based on 4100 
NorWeST scenarios and the A1B emissions trajectory. Future temperature projections in the 4101 
Rogue River and Applegate River were maintained at historical temperatures to reflect water 4102 
management practices.  4103 
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 4104 
Figure 4.14—Summer stream temperatures in Umpqua chub habitats during the historical 4105 

baseline period of the 2000s (panel a) and a future projection for the 2080s (panel b) based on 4106 
NorWeST scenarios and the A1B emissions trajectory.  4107 

 4108 

 4109 
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Table 4.1—Lengths of streams in the Southwest Oregon Adaptation Partnership 4124 

assessment area categorized by mean August stream temperatures during a baseline period 4125 
and two future periods associated with the A1B emissions trajectory.  4126 

 4127 
 < 8 oC 8–11 oC 11–14 oC 14–17 oC 17–20 oC > 20 oC 
All lands       
2000s (1993-2011) 121 998 3,645 5,740 1,944 548 
2040s (2030-2059) 21 611 2,006 5,609 3,629 1,097 
2080s (2070-2099) 5 333 1,361 4,643 4,807 1,798 
       
Forest Service lands       
2000s (1993-2011) 76 880 2,096 1,934 384 161 
2040s (2030-2059) 15 508 1,456 2,345 931 276 
2080s (2070-2099) 2 257 1,106 2,237 1,510 418 

 4128 

 4129 
  4130 
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Table 4.2—Summary of fish species of concern and climate vulnerability in the Southwest 4131 

Oregon Adaptation Partnership assessment area 4132 
  4133 

Species or 
run Range extent Population status/trend Climate 

vulnerability Comment 

Coho salmon Alaska through 
California 

Depressed/stable Moderate ESA listed as 
threateneda 

Chinook 
salmon 

    

   Spring run Alaska through 
California 

Depressed/stable High  

   Fall run Alaska through 
California 

Healthy/stable Low  

Steelhead     
   Summer run Alaska through 

California 
Depressed/stable High  

   Winter run Alaska through 
California 

Healthy/stable Moderate  

Coastal 
cutthroat trout 

Alaska through 
California 

Depressed/stable Moderate  

Pacific 
lamprey 

Alaska through 
California 

Depressed/stable? Moderate  

Umpqua chub Endemic within 
Umpqua basin 

Depressed/declining Low to 
moderateb 

 

aPopulations in the Umpqua and Rogue river basins are part of two distinct evolutionary 4134 
significant units (Oregon Coast and Southern Oregon-Northern California Coast). 4135 
bDirect effects of climate change on this species are low but secondary effects may be high via 4136 
predation by a smallmouth bass population that is expanding as stream temperatures increase. 4137 
  4138 
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Table 4.3—Streamflow and temperature characteristics for the Oregon Coast evolutionary 4139 

significant unit coho salmon habitats shown in fig. 4.7 based on changes associated with the 4140 
A1B emissions trajectory. Values are stream kilometers, and those in parentheses are 4141 
percentages of the total during a scenario period. 4142 

aA high-flow day was a day in which the mean flow exceeded the top 5 percent of annual flows 4143 
during the winter period of December to March as described in Wenger et al. (2010).  4144 

  Number of high flow days     
Stream metric Period <5 5-10 >10     
Number of 
winter high flow 
days 

1980s 0 0 619 
(100%) 

    

 2040s 0 0 619 
(100%) 

    

 2080s 0 0 619 
(100%) 

    

  Discharge categories (m3/s)     
  <0.034 0.034-

0.085 
>0.085     

Mean summer 
flow 

1980s 42 
 (6.7%) 

37 
 (6.0%) 

541 
(87.3%) 

    

 2040s 45 
 (7.3%) 

37 
 (6.0%) 

537 
(86.7%) 

    

 2080s 45 
 (7.3%) 

49  
(7.9%) 

525 
(84.8%) 

    

   Temperature categories (°C)  
  <8 8-11 11-14 14-17 17-20 20-23 >23 
Mean August 
temperature 

2000s 0 0 48 
 (7.7%) 

297 
(47.9%) 

204 
(32.9%) 

60 
(9.7%) 

11 
(1.8%) 

 2040s 0 0 0 188 
(30.3%) 

286 
(46.2%) 

111 
(18.0%) 

34 
(5.5%) 

 2080s 0 0 0 107 
(17.3%) 

282 
(45.4%) 

161 
(25.9%) 

70 
(11.3%) 
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Table 4.4—Streamflow and temperature characteristics for the Southern Oregon-Northern 4145 

California Coast evolutionary significant unit coho salmon habitats shown in fig. 4.7 based 4146 
on changes associated with the A1B emissions trajectory. Values are stream kilometers, 4147 
and those in parentheses are percentages of the total during a scenario period. 4148 

aA high-flow day was a day in which the mean flow exceeded the top 5 percent of annual flows 4149 
during the winter period of December to March as described in Wenger et al. (2010). 4150 

  4151 

  Number of high flow days     
Stream metric Period <5 5-10 >10     
Number of winter 
high flow days 

1980s 0 15 
 (1.3%) 

1129 
(98.7%) 

    

 2040s 0 0 1144 
(100%) 

    

 2080s 0 0 1144 
(100%) 

    

  Discharge categories (m3/s)     
  <0.034 0.034-

0.085 
>0.085     

Mean summer flow 1980s 10 
 (0.9%) 

38 
 (3.3%) 

1096 
(95.8%) 

    

 2040s 10 
 (0.9%) 

54 
 (4.7%) 

1080 
(94.4%) 

    

 2080s 10 
 (0.9%) 

60 
 (5.3%) 

1073 
(93.8%) 

    

   Temperature categories (°C)  
  <8 8-11 11-14 14-17 17-20 20-23 >23 
Mean August 
temperature 

2000s 0 0 32 
 (2.8%) 

375 
(32.8%) 

456 
(39.9%) 

280 
(24.5%) 

0 

 2040s 0 0 18 
 (1.6%) 

219 
(19.2%) 

451 
(39.5%) 

358 
(31.3%) 

  97 
(8.5%) 

 2080s 0 0 11 
 (1.0%) 

137 
(12.0%) 

416 
(36.4%) 

415 
(36.3%) 

164 
(14.4%) 
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Table 4.5—Stream flow and temperature characteristics for spring Chinook salmon 4152 

habitats shown in fig. 4.8 based on changes associated with the A1B emissions trajectory. 4153 
Values are stream kilometers, and those in parentheses are percentages of the total during 4154 
a scenario period. 4155 

aA high-flow day was a day in which the mean flow exceeded the top 5 percent of annual flows 4156 
during the winter period of December to March as described in Wenger et al. (2010). 4157 

  4158 

  Number of high flow days     
Stream metric Period <5 5-10 >10     
Number of winter 
high flow days 

1980s 0 4 
(0.4%) 

1000 
(99.6%) 

    

 2040s 0 0 1004 
(100%) 

    

 2080s 0 0 1004 
(100%) 

    

  Discharge categories (m3/s)     
  <0.034 0.034-

0.085 
>0.085     

Mean summer flow 1980s 19 
 (1.9%) 

7 
(0.7%) 

978 
(97.4%) 

    

 2040s 23 
 (2.3%) 

4 
(0.4%) 

978 
(97.4%) 

    

 2080s 23 
(2.3%) 

4 
(0.4%) 

978 
(97.4%) 

    

   Temperature categories (°C)  
  <8 8-11 11-14 14-17 17-20 20-23 >23 
Mean August 
temperature 

2000s 0 0 46 
(4.6%) 

298 
(29.7%) 

347 
(34.6%) 

297 
(29.6%) 

  16 
(1.6%) 

 2040s 0 0 21 
(2.0%) 

196 
(19.5%) 

346 
(34.4%) 

354 
(35.3%) 

  88 
(8.8%) 

 2080s 0 0 10 
(1.0%) 

165 
(16.4%) 

298 
(29.7%) 

324 
(32.3%) 

207 
(20.6%) 
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Table 4.6—Streamflow and temperature characteristics for fall Chinook salmon habitats 4159 

shown in fig. 4.9 based on changes associated with the A1B emissions trajectory. Values are 4160 
stream kilometers, and those in parentheses are percentages of the total during a scenario 4161 
period. 4162 

aA high-flow day was a day in which the mean flow exceeded the top 5 percent of annual flows 4163 
during the winter period of December to March as described in Wenger et al. (2010). 4164 

  4165 

  Number of high flow days     
Stream metric Period <5 5-10 >10     
Number of winter 
high flow days 

1980s 0 13 
(0.6%) 

2129 
(99.4%) 

    

 2040s 0 0 2142 
(100%) 

    

 2080s 0 0 2142 
(100%) 

    

  Discharge categories (m3/s)     
  <0.034 0.034-

0.085 
>0.085     

Mean summer flow 1980s 44 
(2.1%) 

70 
(3.3%) 

2028 
(94.7%) 

    

 2040s 50 
(2.4%) 

85 
(4.0%) 

2007 
(93.7%) 

    

 2080s 51 
(2.4%) 

96 
(4.5%) 

1995 
(93.1%) 

    

   Temperature categories (°C)  
  <8 8-11 11-14 14-17 17-20 20-23 >23 
Mean August 
temperature 

2000s 0 0 70 
(3.3%) 

712 
(33.2%) 

815 
(38.0%) 

530 
(24.8%) 

  16 
(0.8%) 

 2040s 0 0 25 
(1.2%) 

384 
(17.9%) 

840 
(39.2%) 

704 
(32.8%) 

190 
(8.9%) 

 2080s 0 0 16 
(0.8%) 

230 
(10.7%) 

778 
(36.3%) 

712 
(33.2%) 

406 
(19.0%) 
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Table 4.7—Streamflow and temperature characteristics for summer steelhead habitats 4166 

shown in fig. 4.10 based on changes associated with the A1B emissions trajectory. Values 4167 
are stream kilometers, and those in parentheses are percentages of the total during a 4168 
scenario period. 4169 

aA high-flow day was a day in which the mean flow exceeded the top 5 percent of annual flows 4170 
during the winter period of December to March as described in Wenger et al. (2010). 4171 

  4172 

  Number of high flow days     
Stream metric Period <5 5-10 >10     
Number of winter 
high flow days 

1980s 2494 
(98.1%) 

1  
(0.1%) 

    45 
 (1.8%) 

    

 2040s 0 0 2540 
(100%) 

    

 2080s 0 0 2540  
(100%) 

    

  Discharge categories (m3/s)     
  <0.034 0.034-

0.085 
>0.085     

Mean summer flow 1980s 184 
(7.2%) 

398 
(15.7%) 

1958 
(77.1%) 

    

 2040s 207 
(8.1%) 

420 
(16.6%) 

1913 
(75.3%) 

    

 2080s 236 
(9.3%) 

443 
(17.4%) 

1861 
(73.3%) 

    

   Temperature categories (°C)  
  <8 8-11 11-14 14-17 17-20 20-23 >23 
Mean August 
temperature 

2000s 0 14 
(0.5%) 

281 
(11.1%) 

1136 
(44.7%) 

  734 
(28.9%) 

375 
(14.8%) 

    0 

 2040s 0   4 
(0.2%) 

  91 
(3.6%) 

  806 
(31.7%) 

1059 
(41.7%) 

455 
(17.9%) 

126 
(5.0%) 

 2080s 0   3 
(0.1%) 

  49 
(1.9%) 

  517 
(20.4%) 

1136 
(44.7%) 

579 
(22.8%) 

257 
(10.1%) 
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Table 4.8—Streamflow and temperature characteristics for winter steelhead habitats 4173 

shown in fig. 4.11 based on changes associated with the A1B emissions trajectory. Values 4174 
are stream kilometers, and those in parentheses are percentages of the total during a 4175 
scenario period. 4176 

aA high-flow day was a day in which the mean flow exceeded the top 5 percent of annual flows 4177 
during the winter period of December to March as described in Wenger et al. (2010). 4178 

  4179 

  Number of high flow days     
Stream metric Period <5 5-10 >10     
Number of winter 
high flow days 

1980s 1 
(0.1%) 

45 
 (0.7%) 

6653 
(99.2%) 

    

 2040s 0   0 6699 
(100%) 

    

 2080s 0   0 6699 
(100%) 

    

  Discharge categories (m3/s)     
  <0.034 0.034-

0.085 
>0.085     

Mean summer flow 1980s   838 
(12.5%) 

1320 
(19.7%) 

4542 
(67.8%) 

    

 2040s   949 
(14.2%) 

1363 
(20.3%) 

4388 
(65.5%) 

    

 2080s 1064 
(15.9%) 

1403 
(20.9%) 

4233 
(63.2%) 

    

   Temperature categories (°C)  
  <8 8-11 11-14 14-17 17-20 20-23 >23 
Mean August 
temperature 

2000s 0 21 
(0.3%) 

863 
(12.9%) 

3599 
(53.7%) 

1672 
(25.0%) 

  528 
(7.9%) 

  16 
(0.2%) 

 2040s 0   5 
(0.1%) 

203 
(3.0%) 

2679 
(40.0%) 

2749 
(41.0%) 

  872 
(13.0%) 

190 
(2.8%) 

 2080s 0   3 
(0.1%) 

  80 
(1.2%) 

1606 
(24.0%) 

3362 
(50.2%) 

1245 
(18.6%) 

404 
(6.0%) 
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Table 4.9—Streamflow and temperature characteristics for cutthroat trout shown in fig. 4180 

4.12 based on changes associated with the A1B emissions trajectory. Values are stream 4181 
kilometers, and those in parentheses are percentages of the total during a scenario period. 4182 

aA high-flow day was a day in which the mean flow exceeded the top 5 percent of annual flows 4183 
during the winter period of December to March as described in Wenger et al. (2010). 4184 

  4185 

  Number of high flow days     
Stream metric Period <5 5-10 >10     
Number of winter 
high flow days 

1980s 183 
(4.2%) 

517 
(11.9%) 

3662 
(84.0%) 

    

 2040s     0   63 
(1.4%) 

4299 
(98.6%) 

    

 2080s     0 
 

    0 4362 
(100%) 

    

  Discharge categories (m3/s)     
  <0.034 0.034-

0.085 
>0.085     

Mean summer flow 1980s 184 
(4.2%) 

558 
(12.8%) 

3620 
(83.0%) 

    

 2040s 273 
(6.3%) 

707 
(16.2%) 

3381 
(77.5%) 

    

 2080s 328 
(7.5%) 

781 
(17.9%) 

3253 
(74.6%) 

    

   Temperature categories (°C)  
  <8 8-11 11-14 14-17 17-20 20-23 >23 
Mean August 
temperature 

2000s 120 
(2.8%) 

885 
(20.3%) 

800 
(18.3%) 

1531 
(35.1%) 

  735 
(16.9%) 

292 
(6.7%) 

    0 

 2040s   20 
(0.5%) 

597 
(13.7%) 

780 
(17.9%) 

1355 
(31.1%) 

1105 
(25.3%) 

409 
(9.4%) 

  96 
(2.2%) 

 2080s    5 
(0.1%) 

340 
(7.8%) 

869 
(19.9%) 

1020 
(23.4%) 

1379 
(31.6%) 

571 
(13.1%) 

178 
(4.1%) 
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Table 4.10—Streamflow and temperature characteristics for Pacific lamprey habitats 4186 

shown in fig. 4.13 based on changes associated with the A1B emissions trajectory. Values 4187 
are stream kilometers, and those in parentheses are percentages of the total during a 4188 
scenario period. 4189 

aA high-flow day was a day in which the mean flow exceeded the top 5 percent of annual flows 4190 
during the winter period of December to March as described in Wenger et al. (2010). 4191 

  4192 

  Number of high flow days     
Stream metric Period <5 5-10 >10     
Number of winter 
high flow days 

1980s 0 0 1644 
(100%) 

    

 2040s 0 0 1644 
(100%) 

    

 2080s 0 0 1644 
(100%) 

    

  Discharge categories (m3/s)     
  <0.034 0.034-

0.085 
>0.085     

Mean summer flow 1980s 16 
(1.0%) 

23 
(1.4%) 

1605 
(97.6%) 

    

 2040s 19 
(1.2%) 

26 
(1.6%) 

1599 
(97.2%) 

    

 2080s 20 
(1.2%) 

31 
(1.9%) 

1593 
(96.9%) 

    

   Temperature categories (°C)  
  <8 8-11 11-14 14-17 17-20 20-23 >23 
Mean August 
temperature 

2000s 0 0 54 
(3.3%) 

538 
(32.7%) 

539 
(32.8%) 

496 
(30.2%) 

  16 
(1.0%) 

 2040s 0 0 15 
(0.9%) 

293 
(17.8%) 

593 
(36.1%) 

553 
(33.6%) 

190 
(11.6%) 

 2080s 0 0 11 
(0.7%) 

180 
(11.0%) 

551 
(33.5%) 

519 
(31.6%) 

382 
(23.2%) 
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Table 4.11—Streamflow and temperature characteristics for Umpqua chub habitats shown 4193 

in fig. 4.14 based on changes associated with the A1B emissions trajectory. Values are 4194 
stream kilometers, and those in parentheses are percentages of the total during a scenario 4195 
period. 4196 

aA high-flow day was a day in which the mean flow exceeded the top 5 percent of annual flows 4197 
during the winter period of December to March as described in Wenger et al. (2010). 4198 
  4199 

  Number of high flow days     
Stream metric Period <5 5-10 >10     
Number of winter 
high flow days 

1980s 0 0 140 
(100%) 

    

 2040s 0 0 140 
(100%) 

    

 2080s 0 0 140 
(100%) 

    

  Discharge categories (m3/s)     
  <0.034 0.034-

0.085 
>0.085     

Mean summer flow 1980s 0 0 140 
(100%) 

    

 2040s 0 0 140 
(100%) 

    

 2080s 0 0 140 
(100%) 

    

   Temperature categories (°C)  
  <8 8-11 11-14 14-17 17-20 20-23 >23 
Mean August 
temperature 

2000s 0 0 0 10 
(6.8%) 

74 
(52.9%) 

  56 
(40.3%) 

  0 

 2040s 0 0 0 0 29 
(20.9%) 

103 
(73.6%) 

  8 
(5.6%) 

 2080s 0 0 0 0 13 
(9.3%) 

  81 
(57.9%) 

46 
(32.9%) 
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Table 4.12—Fisheries and aquatic habitat adaptation options for southwest Oregon. 4200 

 4201 
Sensitivity to 
climate change 

Adaptation 
strategy 

Adaptation tactic 

Increased 
temperatures and 
lower snowpack will 
result in reduced 
summer 
streamflows. 

Increase the quantity 
and access to 
summer rearing 
habitat. 

 Increase connectivity. 
o Identify stream crossings that impede fish movements and 

prioritize culvert replacement. 
o Use stream simulation design (e.g., bottomless arches, 

bridges), adjusting designs to provide low-flow thalweg. 
o Rebuild stream bottoms by increasing floodplain 

connectivity, riparian vegetation, and water tables; decrease 
road connectivity. 

o Restore beaver habitat and beaver colonies. 
o Maintain minimum streamflows (buy and lease water rights, 

install modern flow structures, monitor water use). 
 Increase instream flow. 

o Increase efficiency of irrigation techniques. 
o Reduce summer withdrawals on federal lands. 
o Consider alternative water supplies for federal lands to 

retain in-stream flows. 
o Coordinate with downstream partners on water conservation 

education. 
o Restore beaver habitat and colonies. 
o Investigate and quantify connectivity between groundwater 

and streamflows. 
 Increase water retention. 

o Restore fluvial processes. 
o Promote and reintroduce beavers. 
o Protect springs. 
o Thin forests to reduce evapotranspiration. 
o Manage the road network to reduce negative impacts on 

streams. 
o Improve grazing management. 
o Improve efficiencies in regulated water use; conserve water. 
o Identify where reservoir management can improve species 

conservation. 
 

Stream 
temperatures will 
increase. 

Increase habitat 
resilience. 

 Restore structure and function of streams. 
o Increase habitat and refugia in side channels. 
o Protect wetland-fed streams that maintain higher summer 

flows. 
o Restore structure and heterogeneity of stream channels. 
o Reconnect floodplains to improve hyporheic and base flow 

conditions. 
o Remove dikes and levees. 
o Restore and protect riparian vegetation. 
o Manage livestock grazing to restore ecological function of 

riparian vegetation and maintain streambank conditions. 
o Reduce high road densities that are intercepting subsurface 

stream flows. 
o Increase the abundance of deep, structurally complex pools 

that act as thermal refugia. 
 Enhance and protect hyporheic zones. 

o Restore stream and floodplain complexity. 
o Rebuild stream bottoms by increasing floodplain 

connectivity, riparian vegetation, and water tables; decrease 
road connectivity. 

o Increase sinuosity in channels. 
o Eliminate human disturbances affecting stream width-to-

depth ratio. 



 

155 
 

o Avoid activities and structures that disrupt flows (e.g., 
roads). 

o Identify locations of hyporheic flows. 
o Reconnect floodplains to improve hyporheic and base flow 

conditions  
o Reconnect floodplains and side channels to improve 

hyporheic and baseflow conditions.  
 Restore and maintain riparian vegetation. 

o Plant trees. 
o Maintain or enhance shade over streams. 
o Increase sinuosity in channels. 
o Eliminate human disturbances affecting stream width-to-

depth ratio. 
 

Warmer stream 
temperatures may 
favor nonnative 
species. 

Increase resilience 
of native fish species 
through 
management of 
nonnative species. 

 Monitor nonnative population distribution and abundance. 
o Evaluate nonnative species that might expand and plan 

ahead for management. 
o Survey and map nonnative species. 
o Combine nonnative mapping with information on migration 

barriers. 
o Consider information from surveys of warmer basins farther 

south as indicators of vulnerability. 
o Use environmental DNA (eDNA) monitoring for early 

detection of nonnative species invasions. 
o Reduce or suppress brook trout populations. 
o Use monitoring and boat inspection programs to detect 

invasive mussels and aquatic plants species in lakes before 
populations are established. 

 Suppress, eliminate, and/or control invasive species 
populations. 

o Tailor restoration actions to benefit native species. 
o Remove or control nonnative fish species. 
o Construct barriers that prevent access/invasion to 

conservation populations in headwaters. 
 Develop outreach and education for target audience at 

sensitive sites. 
o Increase public education on the nonnative species issue 

(e.g., with brochures, flyers, website, signs). 
o Conduct education during the initial stages of invasion 

(proactive crisis aversion). 
 

Climate change will 
result in native 
species 
distributions shift 
and community 
realignments. 

Conduct biodiversity 
surveys to describe 
current baseline 
conditions and 
manage distribution 
shifts. 

 Protect refugia habitat and restore degraded habitat. 
o Increase off-channel habitat and protect refugia in side 

channels and channels fed by wetlands. 
o Increase habitat and refugia in side channels. 
o Restore structure and heterogeneity of stream channels. 

 Conduct monitoring and population surveys. 
o Monitor changes in stream temperature and fish 

distributions. 
o Identify and inventory cold-water refugia, springs, and 

groundwater input to springs. 
o Identify seasonal refugia (winter and summer). 
o Use environmental DNA (eDNA) monitoring for early 

detection of non-native species invasions. 
o Formalize, expand and standardized biological monitoring 

programs (e.g., management indicator species). 
o Use modern, low-cost technologies like eDNA, DNA 

barcoding, and digital photopoints. 
o Use digital technology in data collection and database 

uploads. 
o Streamline and integrate field crew data collection protocols. 
o Fully utilize existing corporate databases and legacy 
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datasets. 
o Utilize best available technology to monitor, record, and 

distribute information regarding the distribution of a broad 
array of aquatic species (e.g., eDNA, national databases). 

 Use climate niche modeling for future distribution scenarios. 
 

 4202 


