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Chapter 3: Water Resources 

Summary 
Warming temperatures, changes in precipitation, and decreasing snowpack are already 
having, and will continue to have, significant impacts on hydrology and water resources 
in Oregon. Changes in the amount and seasonal timing of water in rivers and streams, 
changes in winter flood risk, and changes in summer extreme low flows are expected 
under future climate change. These hydrologic impacts will vary across watersheds. 
Watersheds that accumulate winter snowpack are most vulnerable to earlier peak 
streamflow timing. Watersheds with winter temperatures near the freezing level, such as 
intermediate to low elevations in the Oregon Cascades are particularly vulnerable. 
Projected future changes in water supply and demand are expected to strain the ability of 
existing infrastructure and operations to meet the many and varied water needs of 
Oregonians. In addition, changes in streamflow timing and amount and warming 
streams are expected to degrade freshwater fish habitat. 

Introduction 
Warming temperatures, changes in precipitation, and decreasing snowpack are already 
having, and will continue to have, significant impacts on hydrology and water resources 
in Oregon. Changes in the amount and seasonal timing of water in rivers and streams, 
changes in winter flood risk, and changes in summer extreme low flows are expected 
under a future warmer climate. These hydrologic impacts will vary across watersheds, 
depending largely on whether the watershed receives precipitation mostly as rain or 
snow, or a combination of both. Projected future changes in water supply and demand 
are expected to strain the ability of existing infrastructure and operations to meet the 
many and varied water needs of Oregonians, namely irrigation, municipal drinking 
water, industrial activities, hydropower, flood control, fisheries, wildlife, and recreation 
(Reclamation, 2016).  

This chapter provides an overview of potential changes in snowpack, streamflow 
amount and timing, groundwater, and atmospheric rivers. It then discusses flood and 
drought risks, and concludes with implications these changes could have on water 
resources management and fish habitat. 

Snowpack 
As the climate warms, precipitation will fall more as rain and less as snow. By mid-
century under the high emissions pathway (RCP 8.5), 30% of the area of the western 
United States normally conducive to snowfall is projected to become part of the rain-
snow transition zone, including the Cascade Range and the Blue Mountains (Klos et al., 
2014). Likewise, areas presently in the rain-snow transition zone, including the Klamath 
Mountains, are projected to become largely rain-dominated (Klos et al., 2014). These 
projected changes in precipitation type represent a fundamental hydrologic regime shift. 
By the 2080s, all of Oregon, except for parts of the Blue Mountains, is projected to 
become rain-dominant (Raymondi et al., 2013). 
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Indeed, snow covers the ground for a much shorter season than it used to all across 
the United States (Knowles, 2015). In the western United States, the annual count of 
snow-covered days is projected to decrease on average by 25 days by 2011–2050 
compared to 1961–2005 under the high emissions pathway (RCP 8.5) (Naz et al., 2016). 
In Oregon, these decreases would be predominantly in the Cascade Range and the Blue 
Mountains. Declines in annual snowfall amount and frequency are projected for the 
western United States (Danco et al., 2016; Lute et al., 2015) along with more frequent 
low-snowfall years and less frequent high-snowfall years (Lute et al., 2015). 

A dependable mountain snowpack is crucial for annual water supply in many 
watersheds in Oregon (Raymondi et al., 2013). Spring snowpack, measured on April 1 by 
the snow water equivalent (SWE)—the amount of water contained in the snowpack— 
decreased at nearly all stations in Oregon over the period 1955–2015 with an average 
decline of about 37% (Mote and Sharp, 2015). Going forward, SWE is projected to 
decrease by 30% by mid-century and by 40–50% by late-century in the Pacific 
Northwest under low to high emissions pathways (Mote et al., 2014). The largest 
declines would be in the lower-elevation, mixed rain-snow watersheds in the Oregon 
Cascades and central and northeastern Oregon mountain ranges (fig. 3.1). Across the 
western United States, April 1 SWE is projected to decrease by more than 50% by 2011–
2050 compared to 1961–2005 under the high emissions pathway (RCP 8.5) (Naz et al., 
2016).  

 
 
 

Spring and summer snowmelt runoff is a vital water source for many communities in 
the mountainous Pacific Northwest because it meets the human water demands unmet 
by rainfall runoff alone (Mankin et al., 2015). As less precipitation falls as snow and 
more as rain, and as snowmelt runoff occurs earlier, the Pacific Northwest may 
experience a decline in “snow resource potential” by the 2060s under a high emissions 
pathway (RCP 8.5) (Mankin et al., 2015). Snow resource potential is defined as the 
ability of spring and summer snowmelt runoff to supply the water demand unmet by 
rainfall alone. Climate models disagree on whether snow resource potential would 
increase or decrease in the future. In the Klamath Basin, however, a majority of models 
agree that there is a 79%–93% risk of declining “snow resource potential” (Mankin et al., 
2015). Mixed rain-snow watersheds at intermediate elevations between about 3300–
6600 feet are most vulnerable to declining snowpack (Tennant et al., 2015) and shifts in 
streamflow timing (Vano et al., 2015).  

Figure 3.1 Snow water equivalent on April 1 as simulated by the Variable Infiltration 
Capacity hydrologic model in the Integrated Scenarios project for the (left) historical 
baseline (1971–2000) and (right) projected mid-century (2040–2069) change for a high 
(RCP 8.5) emissions pathway. (Source: 
http://climate.nkn.uidaho.edu/IntegratedScenarios/vis_summarymaps.php#) 
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Streamflow Amount & Timing 
In Oregon, most watersheds west of the Cascade Range receive most of their 
precipitation as rain, except for the high-elevation tributaries that receive a mix of both 
rain and snow. Streamflow in rain-dominant watersheds reflects the seasonal pattern of 
precipitation, with peak flows occurring during the winter and low flows occurring in 
summer. Therefore, Oregonians in these places rely on constructed reservoirs to store 
winter precipitation for use during the warm season. Most watersheds east of the 
Cascade Range receive a mix of both rain and snow during the cool season and rely on 
mountain snowpack to provide meltwater in spring and summer. Streamflow in mixed 
rain-snow watersheds is characterized by two peaks, one in winter and one during the 
spring associated with snowmelt. 

Mean annual streamflow across the Pacific Northwest has decreased between the 
mid-20th century and the early-21st century, with the greatest decreases in summer 
(McCabe and Wolock, 2014; Sagarika et al., 2014). Future changes in mean annual 
streamflow by the end of the century are expected to change very little, being balanced by 
increases during the cool season and decreases during the warm season (Mote et al., 
2014). 

Year-to-year variability in annual streamflow across western Oregon and Washington 
is influenced by variability in ocean temperature patterns.  Specifically, warmer sea 
surface temperatures in the tropical Pacific (El Niño) and in the northeast Pacific (the 
warm phase of Pacific Decadal Oscillation, or PDO) are weakly associated with lower 
than normal annual streamflow (McCabe and Wolock, 2014). One study suggests that El 
Niño’s effect on runoff in the Pacific Northwest may depend upon where along the 
equator the tropical Pacific sea surface temperatures are farthest from normal (Tang et 
al., 2016). 

Despite large year-to-year variability, statistically significant changes in historic 
streamflow in some sub-basins of the Columbia River Basin have been detected and were 
largely consistent with prior western US streamflow trend analyses (Dittmer, 2013). In 
sub-basins in northeastern Oregon, several gages within snowmelt-dominated basins 
measured trends toward earlier spring peak streamflow and snowmelt, increased 
extreme high flows in the fall, and more frequent low flows in late summer (Dittmer, 
2013). In the many of the mixed rain-snow headwaters of the Willamette basin, 
snowmelt timing shifted to a few days earlier over the period 1950–2010 (Hatcher and 
Jones, 2013). 

Future streamflow magnitude and timing in the Pacific Northwest is projected to 
shift toward higher winter runoff, lower summer and fall runoff (Figure 3.2), and an 
earlier peak runoff, particularly in snow-dominated regions (Naz et al., 2016; Raymondi 
et al., 2013). Already, streamflow timing has shifted nearly eight days earlier between 
mid-20th century and early-21st century averaged across the Pacific Northwest (Kormos 
et al., 2016). Summer (June-August) runoff is projected to decline 5.3% for the multi-
model ensemble median in the Pacific Northwest by 2011–2050 compared to 1966–2005 
under a high emissions pathway (RCP 8.5), particularly in the Cascade Range and the 
Blue Mountains (Figure 3.2) (Naz et al., 2016). 
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Groundwater 
Climate change is also expected to affect the timing and amount of water in the ground. 
Groundwater is an important water source to communities and is often closely 
connected to water in streams. Groundwater recharge occurs through diffuse 
precipitation or concentrated runoff infiltrating the soil, through mountain system 
recharge related to snowpack, or through excess irrigation water percolating back to the 
water table (Meixner et al., 2016). In mountain basins across the western United States, 
reduced snowpack is expected to result in declines in mountain groundwater recharge, 
which will affect aquifers that are recharged from mountain systems (Meixner et al., 
2016). Recharge in the Columbia Plateau aquifer, which includes parts of northeast 
Oregon, is dominated by infiltration of diffuse precipitation and excess irrigation water. 
By the end of the 21st century, the projected wetter winters are expected to increase 
winter recharge as precipitation exceeds evapotranspiration, whereas during the growing 
season a decrease in recharge is projected for excess irrigation water due to increasing 
evapotranspiration (Meixner et al., 2016). This results in uncertainty in whether future 
recharge in the Columbia Plateau will increase or decrease. Changes in groundwater 
recharge dynamics could shift the timing of groundwater discharge to some streams, 
leading to late summer reductions in baseflows, although streamflow sensitivity to 
climate change depends on the hydrogeologic setting (Pitz, 2016). Deep groundwater 

Figure 3.2 Percentage change in mean seasonal runoff for 2011–2050 under the high (RCP 
8.5) emissions pathway relative to 1966–2005 for (a) winter, (b) spring, (c) summer, and (d) 
fall from hydrologic simulations using dynamically and statistically downscaled climate from 
11 CMIP5 models.  Mean seasonal runoff was averaged over all models prior to calculating 
changes (Figure source: David Rupp; data source: Naz et al., 2016) 
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systems feeding some streams, such as in the high-elevations of Oregon’s Cascade Range, 
may somewhat buffer the projected declines in summer streamflow from declining 
snowpack (Safeeq et al., 2014).  

Atmospheric Rivers 
Atmospheric rivers are narrow, elongated swaths of warm, moist air originating in the 
tropics that carry large amounts of water vapor to mid-latitudes. Atmospheric river 
events can have both negative and positive impacts. Many of the flood-producing 
extreme precipitation events in the Pacific Northwest are associated with cool season 
(October–March) atmospheric river events, which tend to be warmer and rainier than 
typical extratropical storms. On the other hand, atmospheric rivers often bring an end to 
drought conditions in the Pacific Northwest (Dettinger, 2013). A growing body of 
evidence indicates that land-falling atmospheric river events are likely to increase in 
frequency and intensity over the Pacific Northwest under future climate change, largely 
due to the fact that a warmer atmosphere can accommodate more moisture (Hagos et al., 
2016; Warner et al., 2015).  

By the end of the century under a high emissions pathway (RCP 8.5), the number of 
extreme precipitation days associated with land-falling atmospheric rivers along western 
North America is projected to increase 28% (Hagos et al., 2016). Similarly, the number 
of “most extreme” atmospheric river days (that is, those atmospheric rivers that made up 
the 1% most extreme atmospheric rivers historically) during winter are projected nearly 
to quadruple by the end of the century under the high emissions pathway (RCP 8.5) 
(Warner et al., 2015). Furthermore, precipitation on such extreme atmospheric river 
days is projected to increase by 15–39%, which is more than then mean winter 
precipitation increase of 11–18% (Warner et al., 2015). While extreme atmospheric river 
days is projected to increase during all winter months, there would be a shift toward 
heavier precipitation events earlier in the season in October and November (Warner et 
al., 2015). 

Flood Risk 
Warming temperatures and increased winter precipitation are expected to increase flood 
risk for many basins in the Pacific Northwest, particularly mixed rain-snow basins with 
near freezing winter temperatures (Tohver et al., 2014). The greatest changes in peak 
flow magnitudes are projected to occur at intermediate elevations in the Cascade Range 
and the Blue Mountains (Safeeq et al., 2015). Recent advances in regional hydro-climate 
modeling confirm this expectation, projecting increases in extreme high flows for most of 
the Pacific Northwest, especially west of the Cascade Crest (fig. 3.3) (Najafi and 
Moradkhani, 2015; Naz et al., 2016; Salathé et al., 2014). One study, using a single 
climate model, projects flood risk to increase in the fall due to earlier, more extreme 
storms, including atmospheric river events, and to a shift of precipitation from snow to 
rain (Salathé et al., 2014).  
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Some of the Pacific Northwest’s largest floods occur when copious warm rainfall 
from atmospheric rivers combine with a strong snowpack, resulting in rain-on-snow 
flooding events (Safeeq et al., 2015). During 1998–2014 in the California Sierra Nevada, 
atmospheric rivers were associated with half of all rain-on-snow events (Guan et al., 
2016). As a result of climate warming, rain-on-snow events are projected to decline at 
lower elevations, due to decreasing snow cover, and to increase at higher elevations as 
the number of rainy as opposed to snowy days increase (Safeeq et al., 2015). 

Drought Risk 
Hydrologic drought—defined by low streamflow extremes—in the Pacific Northwest has 
intensified (Kormos et al., 2016). During 1948–2013, the minimum 7-day flow in 
summer with a 10-year return period (7q10) decreased by 27% on average (Kormos et 
al., 2016). In the future, low streamflow extremes are expected to be even lower (fig. 3.3), 
with the strongest declines west of the Cascade Range driven by loss of snowpack, 
decreases in summer precipitation, and increasing evapotranspiration (Naz et al., 2016; 
Tohver et al., 2014). 

The standard precipitation-evaporation index (SPEI) is a useful predictor of year-to-
year streamflow variability in the Pacific Northwest (Abatzoglou et al., 2014) and a 
meaningful way to characterize drought within the context of climate change 
(Ahmadalipour et al., 2016). The frequency and intensity of the 3-month summer SPEI 
drought, in which the index drops below -1, in the Pacific Northwest is projected to 
increase in the future, driven largely by reduced precipitation and increased potential 
evapotranspiration under both a low (RCP 4.5) and a high (RCP 8.5) emissions pathway 
(Ahmadalipour et al., 2016). The area under summer SPEI drought has increased during 
the last several decades and is projected to increase in the future, with nearly all of the 
Pacific Northwest being in summer SPEI drought by century’s end under the high 
emissions pathway and about three-quarters on average under the low emissions 
pathway (Ahmadalipour et al., 2016). Small increases in drought frequency are projected 
to extend into the spring and fall in southern and eastern Oregon by the latter half of the 
century under the high emissions pathway (Ahmadalipour et al., 2016). In the Pacific 
Northwest, the median summer drought extent across multiple climate models is less 
than 15% in the historical period, but jumps to over 50% during the 21st century under 

Figure 3.3 Percentage change in mean (a) high runoff (the 95th percentile of daily total 
runoff) and (b) low runoff (7-day average lowest flow per year).  Changes are for 2011–2050 
under the high (RCP 8.5) emissions pathway relative to 1966–2005.  The 95th percentile 
runoff and the 7-day average lowest flows were averaged over 11 CMIP5 models models 
prior to calculating changes (Figure source: David Rupp; data source: Naz et al., 2016) 
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both low and high emissions pathways; similarly, the largest droughts which cover nearly 
half of the region in the historical period, cover nearly the entire region in future 
projections (Ahmadalipour et al., 2016).  

Water Management Implications 
Balancing multiple water uses under an increasingly uncertain water supply is expected 
to become more challenging and may require complex tradeoffs. The following are some 
examples of water management implications of climate change found in recent 
literature. 

Many reservoirs in Oregon are managed for annual refill. Earlier runoff timing and 
greater extreme runoff events are expected to fill reservoirs earlier in the year. Water 
managers may need to reconsider their operating rules in order to better manage flood 
risks while maximizing storage opportunities (Reclamation, 2016). For example, in the 
Willamette Basin, starting reservoir refill earlier, but at a slower rate could balance flood 
risk and summer water demand in light of earlier snowmelt and increasing winter 
precipitation (Moore, 2015).  

There is also expected to be greater reliance on stored water to meet the summer 
season’s increasing water demands (Reclamation, 2016). For example, the Klamath 
Basin is expected to experience more years with water shortages as runoff occurs earlier 
in the season, as more precipitation falls as rain rather than snow, and as reservoir 
evaporation increases (Reclamation, 2016). Irrigation and drinking water may have to 
rely more on groundwater as surface water supplies become more variable or uncertain 
(Reclamation, 2016). Large increases in climate-driven groundwater extraction in order 
to meet increasing summer water demand are likely to result in further negative effects 
on groundwater storage, baseflow discharge to streams, supported aquatic ecosystems, 
and water quality (Pitz, 2016).  

Water is also managed to meet hydro-electric demands. Warmer year-round 
temperatures are expected to increase electricity demand during summer, but decrease 
demand during winter. However, changes in water runoff timing and reduced summer 
flows may reduce peak-season hydropower generation in summer (Reclamation, 2016), 
although the Pacific Northwest will likely see smaller impacts to hydroelectric power 
supply than California and the Southwest, where greater future declines in precipitation 
are expected (Bartos and Chester, 2015). 

There is extensive literature examining tribal water rights and tribal treaty and 
reserved rights in the context of climate change including water needs for agriculture, 
livestock, recreation, cultural use, and even in-stream flows for salmon (Kronk Warner, 
2016; Osborn, 2013; Royster, 2013). “As climate change continues to affect the 
availability and quality of water resources, tribal water rights become increasingly 
important” (Norton-Smith et al., 2016). There is a need to more fully understand the 
implications of climate change on water resources in relationship to tribal treaty and 
reserved rights. 

Fish Habitat Implications 
Fish habitat is expected to degrade due to increasing peak flows, earlier streamflow 
timing, reduced summer low flows, and warming summer stream temperatures that 
could shift preferred habitats, alter the timing of life history stages, and exacerbate 
current stressors for the Pacific Northwest’s salmon and steelhead (Oncorhynchus spp.) 
and other aquatic wildlife.  



	
  

	
   24 

A greater risk of scouring shallow-buried eggs from the streambed, particularly from 
fall-spawning salmon, and of displacing juvenile salmon (Goode et al., 2013; Wainwright 
and Weitkamp, 2013) is expected due to greater high winter streamflows from increasing 
winter precipitation and precipitation falling less as snow and more as rain. However, 
scour risk is reduced when stream channel morphology changes concurrently with 
streamflow (Goode et al., 2013). 

Migration timing for smolts getting ready to migrate to the ocean could be 
desynchronized by earlier peak streamflow timing from earlier melting of the snowpack 
(Wainwright and Weitkamp, 2013).  

Upstream migration of adult salmon returning from the ocean to spawn in the 
summer or fall could be delayed by lower summer flows from declining snowpack and 
reduced summer precipitation. At many sites in Oregon’s Willamette and Southern 
Coastal basins, Chinook salmon (O. tshawytscha) spawning is projected to occur later by 
mid-century effectively shortening the growing period by a few days (Beer and Anderson, 
2013).  

Stream temperatures that are lethal to fish (generally greater than 68°F, although 
this varies among populations) can occur with declining snowpack and warmer summers 
(Service, 2015). Higher stream temperatures place adults at higher risk of failing to 
spawn and succumbing to diseases (Service, 2015). Spring Chinook enter freshwater and 
hold in cold-water refugia until spawning in the fall. Warmer stream temperatures 
increase their metabolic rate therefore draining their energy stores (they don’t eat during 
this period). High pre-spawn mortality was observed in 2015 in some Columbia River 
basins (L. Weitkamp, pers. comm.). Warming streams are expected to have mixed results 
on the early life stage development of Chinook salmon and steelhead (O. mykiss) (Beer 
and Anderson, 2013), and likely other salmon species too. In the Columbia River basin, 
fish in streams typically cooled by snowmelt will likely experience less growth, whereas 
fish in currently cold mountain streams will experience the same or higher growth by 
mid 21st century (Beer and Anderson, 2013). In addition, warmer streams and reduced 
summer flows can limit summer juvenile rearing areas and increase risk of diseases and 
predation (Wainwright and Weitkamp, 2013). Co-occurring stressors, such as pesticide 
exposure combined with warmer stream temperatures, can amplify Chinook salmon and 
other salmon species susceptibility to diseases (Dietrich et al., 2014).  

Many mountain headwater streams in the Pacific Northwest are likely to remain cold 
enough under future warming scenarios to support current salmonid and other cold-
water fish populations due to topographic controls on water temperature (Isaak et al., 
2016). Such cold-water refugia along with healthy riparian zones may limit invasion of 
non-native species and sustain current salmon rearing habitat (Isaak et al., 2015; 
Lawrence et al., 2014).  

Although there may be some positive outcomes, the overall effect of climate and 
hydrologic change on salmon during all life cycle stages is likely to be unfavorable. This 
would result in at least moderate declines for most salmon populations in the Pacific 
Northwest, especially when accounting for existing stressors and natural variability, 
which can exacerbate climate impacts (Crozier, 2015; Wainwright and Weitkamp, 2013). 
During the last sixty years, streamflow variability increased and, compared with other 
environmental changes, had the largest negative effect on Chinook salmon populations 
in the Northwest (Ward et al., 2015). Increasing hydrologic variability projected for the 
future may limit the recovery of exposed salmon populations (Ward et al., 2015). 
Behavioral and physiological adaptations are possible, such as earlier migration (Mantua 
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et al., 2015) and increasing thermal tolerance (Muñoz et al., 2015), but these are unlikely 
to prevent long-term population declines (Crozier, 2015). 

A relative ranking of steelhead vulnerability to changes in streamflow and warming 
temperatures in streams throughout the Pacific Northwest (fig. 3.4) reveals that 
exposure to warmer stream temperatures is greatest in the southern coastal and interior 
Columbia Basin during all life stages (Wade et al., 2013). Steelhead in western Cascade 
streams face the greatest exposure both to extreme low flows and extreme high flows, the 
latter particularly threatening steelhead (and some other species’) incubation and 
migration life stages (Wade et al., 2013). 

While less studied, bull trout 
(Salvelinus confluentus) are also 
negatively affected by low streamflows 
and high fall and summer stream 
temperatures (Kovach et al., 2015a). 
Some evidence suggests that bull trout in 
the Rocky Mountains have begun to 
abandon low elevation warm sites in 
favor of cooler high elevation sites as 
predicted by bioclimatic models (Eby et 
al., 2014). In the Columbia River Basin, 
genetic diversity was lowest in areas with 
high summer temperatures and high 
frequency of winter flooding and such 
populations are most vulnerable to future 
expected climate changes (Kovach et al., 
2015b). In the interior Columbia River 
Basin (largely in Idaho and western 
Montana), suitable bull trout habitat is 
projected to decline about 90% by the 
2080s compared with present suitable 
habitat area (Wenger et al., 2013).  

Changes in suitable freshwater fish 
habitat are of interest to recreational and 
commercial fishermen. By 2100 under a 
very high emissions pathway (REF 10), 
much of Oregon’s “cold water”—less than 
about 75°F—and most desirable 
recreational fishing habitat is projected 
to shift to “warm water” habitat, save the 
high-elevation regions in the Cascade 
Range and the Blue Mountains. However, 
under the low emission pathway (POL 
4.5) assuming global mitigation, virtually 
all of Oregon’s cold water recreational 
fishing habitat remains (Lane et al., 
2015). In terms of maintaining 
recreational fishing services, the total 
future economic benefit of avoiding the 

Figure 3.4 Estimated relative steelhead 
vulnerability to climate change summarized 
by combinations of steelhead sensitivity and 
exposure to changes in stream temperature 
and flow. Greens and purples represent 
locations with both temperature and flow 
exposure values lower or higher than the 
median across the Pacific Northwest, 
respectively. Blues represent locations where 
steelhead exposure to flow changes is 
relatively high but exposure to temperature 
stress is relatively low, and oranges illustrate 
the reverse. White triangles show locations of 
impassable dams. (Figure source: Wade et al., 
2013) 
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very high emissions pathway (REF 10) in favor of the low emissions pathway (POL 4.5) is 
projected to be nearly $1.1 billion (2005$) between 2011 and 2100 for cold water fishing 
in the United States based on fishing days and average expenditure (Lane et al., 2015). 
Note that thermal thresholds for many salmonid species are lower than the threshold 
used by this study, so habitat losses would be greater and thus economic benefit to global 
mitigation could be larger. 

A 2015 study of Columbia River Basin tribes, including the Confederated Tribes of 
Warm Springs (CTWS) and the Confederated Tribes of the Umatilla Indian Reservation 
(CTUIR), found that the primary concerns regarding climate change impacts included 
the quantity and quality of water resources, snowpack, water temperatures for spawning 
conditions, and fishing rights (Sampson, 2015). Pacific salmon have great cultural, 
subsistence, and commercial value to tribes in the Pacific Northwest, and are central to 
tribal cultural identity, longhouse religious services, sense of place, livelihood, and the 
transfer of traditional values to the next generation (Dittmer, 2013). During the last 150 
years, culturally important salmon populations have declined (Dittmer, 2013). 
Continuation of past trends of earlier spring peak, more extreme high flows and more 
frequent low flows in the low elevation basins of northeast Oregon, home to the CTWS 
and CTUIR, may force earlier migration of juvenile salmon, challenge returning adults in 
low flow conditions, and increase scour risk for emerging young salmon (Dittmer, 2013). 
One study suggests that monitoring climate change impacts to salmon and their 
importance for tribal cultural and societal health could be achieved with indicators such 
as percent of successful tribal fishing trips, ability to obtain sufficient fish for traditional 
feasts, or percent of streams still with spawning salmon (Burger et al., 2015). 
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