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HYDROLOGY, WATER USE, AND INFRASTRUCTURE 
 
 
Water resources in the Blue Mountains are valued for fisheries and other aquatic biota, 
recreation, municipal and residential use, vegetation, agriculture, and aesthetics.  Streams and 
water supply in general are especially important in this semi-arid environment. Although some 
streams and ephemeral water bodies at lower elevation have been modified to some extent, 
especially by loss of riparian habitat, the condition of aquatic resources is relatively good.  
 
Since 1950, snowpack in the Blue Mountains has decreased significantly as the climate warms, 
a pattern that has been observed in mountainous regions throughout western North America. 
This trend of decreasing snowpack is expected to continue in the coming decades, except 
above about 7000 feet elevation, and could accelerate after 2050, leading to increasing 
dominance by rain rather than by snow in most watersheds. Because more precipitation will fall 
as rain rather than snow, including more rain-on-snow events, peak stream flows from autumn 
through spring will be higher and of longer duration than in the past.  
 
Higher peak flows will increase the number of flood events, potentially damaging roads, 
culverts, and bridges. Roads in near-stream environments will be particularly susceptible to 
higher peak flows, with impacts ranging from minor erosion to complete loss of the road prism, 
as well as reduced public safety and access, reduced access for resource management 
activities, and degraded water quality and aquatic habitat. Because roads and associated 
infrastructure are so costly to build and replace, increased damage caused by flooding may 
have a major economic impact on national forests and other governmental bodies responsible 
for the transportation network.   
 
Because less snow will be available to melt gradually during the summer, recharging hydrologic 
systems, low flows will be lower and of longer duration than in the past. Decreasing snowpack 
and declining summer flows will alter the timing and availability of water supply for vegetation, 
fisheries, agriculture, and municipal use. Reduced snow water equivalent values in spring, the 
traditional indicator of late-season water availability, will contribute to summer low flows, thus 
reducing water availability during this period of peak demand. 
 
Decreased soil moisture during summer will have a significant effect on vegetation growth and 
productivity, most of which is water-limited at lower elevations. Riparian and other ground water 
dependent vegetation may dry sufficiently that dominant species will change as a result of 
summer moisture stress. Low flows during summer will reduce water availability for agriculture, 
hydroelectric power generation, and municipal use, thus potentially causing significant economic 
impacts. Low flows and higher stream temperature, individually and interactively, will be 
stressful for a large number of fish and other aquatic organisms, especially bull trout, steelhead, 
and redband trout. Stream temperature, which has already increased significantly over the past 
30 years, many cause some species to become extirpated in parts of their current distribution in 
the absence of assertive conservation measures. 
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Snowpack sensitivity and projected change in snow water equivalent (SWE) in the Blue 
Mountains. Snowpack sensitivity is classified as “No Snow/Ephemeral Snow” if the April 1 SWE 
was less than 1.5 inches during dry years (no snow) and greater than 1.5 inches during wet 
years (snow cover), “Mixed Snow Sensitivity” if the timing of peak snowmelt in the warmest, 
driest years (e.g., 2003, El Niño year) occurred more than 30 days earlier than the coldest, 
wettest year (2011, La Niña year), and “Persistent-Least Sensitive” if timing of peak snowmelt 
differed between the warmest, driest years and the coldest, wettest years. Adapted from Kramer 
and Snook (in preparation) and Luce et al. (in review). Figure by Kate Day, Umatilla National 
Forest.    
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Number of days that winter flow is among the highest 1% for the year for streams in the Blue 
Mountains. Streams in red are those that are most likely to have increased winter flooding. 
Projections are from the Variable Infiltration Capacity hydrologic model using data from Wenger et 
al. 2010. Figure by Dan Isaak. 
 

 
 

Percent decreases in mean summer streamflow from historic time period to 2040 for 
streams in the Blue Mountains region. Projections are from the Variable Infiltration Capacity 
hydrologic model using data from Wenger et al. 2010. Figure by Dan Isaak. 
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Expected climate 
change effect 

Spatial variation in sensitivity in the Blue Mountains Information 
source 

Relevant 
map(s) 

Water use and 
infrastructure 
vulnerabilities 

Decreased snowpack 
with increasing 
temperatures 

Snow sensitivity is high in the Strawberry Mountains, 
Monument Rock Wilderness, Wenaha-Tucannon 
Wilderness, and at mid-elevations in the North Fork John 
Day, Eagle Caps, and Hells Canyon Wilderness Areas.  
Snow sensitivity is lower at higher elevations in the 
Wallowas (Eagle Cap Wilderness), Greenhorn Mountains 
(North Fork John Day Wilderness), and Hells Canyon 
Wilderness Area.  However, snowpack loss may still be 
significant (up to 40% loss) in these areas.    

Kramer and 
Snook (in 
prep); Luce 
et al. (in 
review)  

Blue Mountain 
snowpack 
vulnerability and 
projected SWE 
change; 
developed by 
Kate Day 

 

Increased stream flows in 
the winter and spring with 
more precipitation falling 
as rain (rather than snow) 
and earlier snowmelt 

Increases in winter flooding are likely in the Wallowas, 
Hells Canyon Wilderness Area, and northeastern portion 
of the Wallowa-Whitman NF by the 2040s.   

Wenger et 
al. 2010  

VIC output maps 
developed by 
Dan Isaak; Kate 
Day developing 
overlay of VIC 
map and roads? 

e.g., culvert 
capacity, culvert 
plugging, stream-
adjacent road failure 

Decreased stream flows 
in the summer with earlier 
snowmelt and timing of 
peak flows 

The Wallowas show relatively high sensitivity to changes 
in the magnitude and timing of snowmelt, especially early 
in the summer (July).  The rest of the Blue Mountain 
region shows moderate to low sensitivity to changes in 
the magnitude and timing of snowmelt, but as for the 
Wallowas, the sensitivity is greater in early summer.  
Although onset of low flow is earlier (by about a month), 
reductions in stream flow are not substantial by the end 
of the low flow season. VIC projections also show 
relatively minor decreases in summer streamflow for 
most of the Blue Mountain region by 2040.  However, the 
Wallowas and the Wenaha-Tucannon Wilderness show 
greater decreases in streamflow by 2040. 

Safeeq et al. 
(in review); 
Wenger et 
al. 2010  

VIC output maps 
and comparison 
to OSU output 
developed by 
Dan Isaak 

e.g., Less water 
available for 
municipal and 
agricultural use in 
some locations, 
particularly in early 
summer. 

Increased stream 
temperatures with higher 
temperatures and lower 
summer stream flows 

Streams in the Blue Mountains are relatively sensitive to 
air temperature increases, although a Pacific Northwest 
regional analysis showed that cold streams may not be 
as sensitive as warmer streams.  Thus, the low elevation, 
warmer streams will likely show the most warming in the 
future. 

NorWeST 
info and 
model; Luce 
et al. (in 
press) 

Maps developed 
by Dan Isaak 

NA?  Fish 
vulnerabilities 
developed by fish 
team 
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VULNERABILITY ASSESSMENT — HYDROLOGY 

 
 
Broad-scale climate change effect 

 Warming temperatures will lead to decreased snowpack accumulation, earlier melt out, 
resulting in shifts in timing and magnitude of streamflow and decreased summer soil 
moisture.  Both peak and low flows may be affected. 

 
Habitat, ecosystem function, or species 

 Changes in streamflow timing and magnitude could potentially affect all aquatic species 
and riparian vegetation through either increased or decreased peak flows and/or 
decreased summer streamflows.  Changes in soil moisture could potentially affect most 
terrestrial vegetation 

 
Current condition, existing stressors 

 Vegetation water stress varies annually under current climatic regime but may become 
more pronounced in the future 

 
Sensitivity to climatic variability and change 

 Because of the fundamental role of water in all ecosystems, changes in availability, 
timing, and volume of water will have ramifications for most terrestrial and aquatic 
ecosystems. 

 
Expected effects of climate change 

 The most pronounced changes in snow/streamflow in the Blue Mountains is likely to 
occur in headwater basins of the Wallowa Mountains, notably the higher elevation radial 
drainages out of the Eagle Cap Wilderness, with other large changes occurring in the 
more northerly sections of the Wallowa-Whitman National Forest along the Oregon-
Washington border. 

  
Adaptive capacity 

 Variable. Key challenges posed by changes in hydrology include increased water stress 
to vegetation with consequences for fire, mortality, growth, etc. Hydrological changes to 
streamflow are likely to impact some fish species more than others. 

 
Risk Assessment 
Magnitude of effects 

 For those regions determined to be sensitive, as identified in the hydrological 
assessment products 

o Moderate magnitude by 2040 
o High magnitude by 2080  

 
Likelihood of effects 

 For those regions determined to be sensitive, as identified in the hydrological 
assessment products 

o Moderate likelihood by 2040 
o High likelihood by 2080 
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VULNERABILITY ASSESSMENT — WATER USES 
 
 
Broad-scale climate change effect 

 Decreasing snowpack and declining summer flows, change timing and availability of 
water supply 

 
Resource entity affected (Habitat, ecosystem function, or species, human uses) 

 Drinking water supply for municipal and public uses both downstream from and on the 
National Forests, other Forest uses including livestock, wildlife, recreation, firefighting, 
road maintenance, and instream “channel maintenance” and fishery flows. Development 
of water systems for human uses also affects ecosystem functions. Change in 
availability of water supply to meet human uses increases the risk of scarcity and not 
satisfying consumptive and instream needs. 

 
Current condition, existing stressors 

 All basins are fully allocated in terms of water available for appropriation under state law. 
On National Forests, water is generally available for campgrounds and administrative 
sites and for other appropriated uses (e.g., livestock and wildlife), although in dry years 
availability may be limited at some sites, especially in late summber. In drought years, 
downstream “junior” users may not receive water for various purposes, primarily 
irrigation. Five municipalities rely directly on the National Forests for drinking water 
supply (Baker City, La Grande, Walla Walla, Pendleton, Long Creek and Canyon City). 
Ecological effects include the following: on-forest dams for storage facilities and stream 
diversions affect stream channel function; and development of springs and ponds for 
livestock impact many “groundwater dependent ecosystems”. Changes in water supply 
are expected to influence water use by vegetation, exacerbate low soil moisture, and 
influence fire frequency with various secondary effects on water supply and quality.  

 
Sensitivity to climatic variability and change 

 Regional water supplies are highly dependent on snowpack extent and duration; April 1 
snow water equivalent, is the traditional indicator of late season water availability. 
Declining summer low flows will affect water availability during this period of peak 
demand (e.g., for irrigation and power supply). 

 
Expected effects of climate change 

 Decreasing snowpack extent and duration are expected to affect the timing and 
availability of water supply, particularly in late summer when demand is high for both 
consumptive and instream uses. Decreased summer low flows will limit water availability 
during critical times and for multiple uses. 

  
Adaptive capacity 

 On-forest impacts will likely be less than downstream, although some facilities may see 
reduced water supply in late summer. Adaptation includes maintaining facilities to 
reduce loss and share the resource (e.g., “splitter boxes” for spring developments). 
Options include developing groundwater “while supplies last”. Annual operating plans 
could be adjusted to limit potential for effects on streams and springs by permitted 
livestock and wildlife during dry years. Off-forest effects may be greater, although some 
municipalities have back-up wells, water supply for drinking water and other uses likely 
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to be affected; need coordination at the county and state level for conservation planning. 
May see increase in proposals for groundwater and surface storage development.   

 
Risk Assessment 
Snow sensitivity 

 Snow Sensitivity categorized at the Blue Mountains subwatershed (SWS) scale, from 
Kramer and Snook (in process). Categories shown in Table 1. 
• 82% of subwatersheds in the no snow/ephemeral snow category 
• 10% in the mixed snow sensitivity category 
• 8% in the persistent-least sensitive category 
  

Table 1:  Snowpack categorization 

Category Description 

No snow/ephemeral snow >80% total SWS acres are within a no snow or 
ephemeral snow zone 
 

Mixed snow Mix of least vulnerable, most vulnerable, and ephemeral 
snow types  
 

Low vulnerability ≥40% total SWS acres with high vulnerability snow 
 

 

 SNOTEL sites across the Blue Mountains were categorized based on projected 

fractional change (% decline) in April 1 SWE under a 3⁰C increase in average winter 
temperature using data from Luce et al. (in review). Number of SNOTEL sites within 
each category are shown in Table 2. 

 
Table 2. Projected decrease in snow water equivalent (SWE). 

Projected April 1 SWE decrease 
(fractional change %) 

# SNOTEL sites 

100 8 

90-99 1 

80-89 2 

70-79 0 

60-69 4 

50-59 4 

40-49 2 

30-39 3 
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Summer Low Flows from VIC data 

 Miles of stream within each % change category in projected summer low flows for the 
2040 and 2080 A1B climate scenarios are shown in Table 3 (Wenger et al. 2010). 
Categories shown in table 4. 

 
Table 3:  Miles of stream categorized by % change. 

 1 2 3 4 5 No data Total 

2040 
Total 

90 10737 3781 582 1487 1031 
 

17708 
 

2040 % 
of total 

perennial 
stream 
miles 

.05 60 21 3 8 6  

2080 
Total 

58 8382 5609 1199 1431 1029 17708 

2080 % 
of total 

perennial 
stream 
miles 

.03 47 32 7 8 6  

 
Table 4:  Categorization of projected low-flow % change 

Category % change 

1 Increase rather than decrease 

2 0-10 

3 10-20 

4 20-30 

5 >30 

 

 Summer low-flow vulnerability was categorized at the subwatershed scale based on 
number of stream miles within each % change category (Table 5). 

 
Table 5:  Summer low-flow vulnerability — Number of subwatersheds by change category. 

Vulnerability Low Moderate High 

2040 280 144 73 

2080 220 208 69 
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VULNERABILITY ASSESSMENT – INFRASTRUCTURE-ROADS 
 
 
Broad-scale climate change effect 

 Increase in magnitude of winter/spring peak streamflows 
 
Resource Entity (habitat, ecosystem function, or species, human uses) 

 Infrastructure and roads near perennial streams. Valued for public access, resource 
management, economics (maintenance and repair costs), and concern for ecological 
effects on stream water quality and aquatic habitat. 

 
Current condition, existing stressors 

 Many miles of roads are located in the near-stream environment on the National Forests, 
with high value for public access and resource management. A large backlog of deferred 
maintenance exists because of decreasing budget and maintenance capacity. Many 
roads are in vulnerable locations subject to high flows.  

 
Sensitivity to climatic variability and change 

 Roads in near-stream environments are periodically exposed to high flows. Increased 
magnitude of peak flows increases susceptibility to effects ranging from minor erosion to 
complete loss of road prism, resulting in effects on public safety, access for resource 
management, water quality, and aquatic habitat).   

  
Expected effects of climate change 

 Projections for increased magnitude of peak flows indicate that more miles of road will 
be exposed to higher flow events and greater impacts.   

  
Adaptive capacity 

 Knowing the extent and location of potentially vulnerable road segments will help with 
prioritizing scarce funding, targeting “storm damage risk reduction” treatments, and 
communicating potential hazard and risk to the public. 

  
Risk Assessment 
Magnitude of effects 

 Perennial streams (from 1:100,000 NHD stream layer) within 300 ft of open and closed 
roads within Forest Service jurisdiction were the focus of infrastructure vulnerability 
assessment.  Percent change from historic gage data in predicted bankfull flows (Q1.5) 
for the 2040 and 2080 A1B climate prediction scenarios validated by Wenger et al. 
(2010), was calculated and classified for vulnerable infrastructure (Table 1). Categories 
are shown in Table 2. 
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Table 1. Miles of potentially vulnerable road in each % change category. 

 1 2 3 4 5 Total 

2040 395 637 574 283 163 2083 

2080 345 399 471 341 497 2083 

% of total road miles (all open and closed roads under FS jurisdiction) 
23,344 miles 

2040 1.7 2.7 2.5 1.2 0.7 8.9 

2080 1.5 1.7 2.0 1.5 2.1 8.9 

 
 
Table 2:  Q1.5 % change categories. 

 
 
 
 
 
 
 
 

 
 
 
 

Category % Change 

1 <1 

2 1-10 

3 10-20 

4 20-30 

5 >30 


